Sierra Nevada forest restoration targets and quantification of forest change since 1911 based on direct re-measurement.
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Goal:  To assess demographic changes in ponderosa pine and mixed conifer forests in Yosemite National Park and the Stanislaus National Forest over 90+ years at several spatial scales in response to changes in the natural disturbance regime, and to provide empirically defensible targets for planned restoration activities.

Project duration:  Two and a half years

Budget request:


FY 2003:  $38,495


FY 2004:  $83,709


FY 2005:  $55,189

Background:


Rarely does a historic data set of sufficient quality and quantity exist to allow direct assessment of major changes in ecosystems over many decades at a variety of spatial scales.  We have discovered such in a very high quality set of tree demography data collected on the west slope of the Sierra Nevada in 1911.  These data will provide defensible targets for planned restoration activities, and when re-sampled, the most defensible quantification of twentieth century forest dynamics yet provided.  We believe this work will be an important advancement in our understanding of how these forests were originally structured, and consequent ability to manage wisely.

The changes that have been wrought in Sierra Nevada forests in response to fire suppression and other human alterations of natural processes over the last 100 to 125 years are generally, yet imperfectly, understood.   We know, for example, that most, if not all, major forest types have increased in density, due to fire suppression’s effects on regeneration (Vankat and Major, 1978; Parsons and Debenedetti, 1979; Bouldin, 1999).  We also know that the density of large trees has been reduced by tree harvesting on lands permitting such activities (Laudenslayer and Darr, 1990; Bouldin, 1999).  The imperfection in our understanding arises when attempting to attach hard numbers to these changes in particular forest types, a problem that only increases as the spatial scale of interest increases.  The reason for this is fairly simple: the paucity of good historic data.  Because of this lack, two general types of inferential approaches have been taken to estimate historic conditions and/or change over time: those based on demographic parameters of existing stands (e.g. Rundel, 1971; Vankat and Major, 1978; Parsons and Debenedetti, 1979), and those based on early, but imperfect, data sources (e.g. Minnich et al, 1995; Bouldin, 1999).  Inferences based on present-day stand conditions have at least two significant problems.  First, they are based on tree age data, which, being labor intensive to collect, restricts the area that can be studied, and consequently the range of forest conditions that the data can be applied to.  Second, they must make assumptions regarding the mortality rates that have been operating over the time period of interest, since the aging of existing trees tells nothing about the trees that have died over that time span.  Such assumptions can introduce considerable error into reconstructions of early conditions (Mast et al, 1999).  This method is therefore generally more useful in providing estimates of density changes in young, small trees, rather than in old, large ones.  Inferences based on other early data sources, though important, have been limited in usefulness by the inability to re-locate them on the ground, leading to either non-spatial estimates of change in forest types over large areas by comparison with more recently collected data (Bouldin, 1999) or spatially specific estimates that introduce uncertainty stemming from the sampling strategy devised to re-sample them (Minnich et al 1995).  Also, the data used in the two cited studies do not pre-date the impact of logging and fire suppression as much as is desired by many.  The obvious solution to this range of difficulties is to re-sample plots that can be re-located with fairly high confidence and which are old enough to span the time period of interest.

In the Sierra Nevada, the period of strongest interest is generally post-1850, or even post-1900, as those dates represent when the largest share of changes in forest structures and processes due to human impacts began.  Many are especially interested in the structure of these forests near the time that fire suppression and logging began.  Fire frequencies have been documented as showing noticeable declines in the area of interest beginning anywhere from 1875 to 1900 or later, depending on location and forest type (Wagener, 1961; Swetnam and Caprio, 1995; Skinner and Chang, 1996).  Logging, based on accumulated historical accounts and early timber receipt data, was sporadic and limited until the 1920s, with another large jump in the 1950s (Hodge, 1906; Berry, 1917; Laudenslayer and Darr, 1990).

Objective 1:


Statistically analyze a suite of 396, 4-acre belt transects collected in 1911, to provide a watershed/landscape scale understanding of the demographic structure of ponderosa pine and mixed conifer forests on the Sierra Nevada’s west slope.

These data form the basis of this study, and are located on what are now the Stanislaus National Forest and Yosemite National Park, in ponderosa pine and mixed conifer forests.  Their exceptional quality owes to a suite of factors: (1) They entirely pre-date all logging activity in the area, and effectively pre-date the effects of fire suppression activities (although fire frequencies had probably declined in the area by 1911, only trees over six inches dbh were sampled, and the vast majority of those would thus have originated before fire frequencies declined); (2) they are unbiased, in that the transects were located systematically with reference to the Public Land Survey System (PLSS) and without reference to forest type or structure; (3) they are extensive, spread out over approximately 150 mi2 in two watersheds; (4) they are very intensive by today’s standards, sampling ten percent of each 40 acre parcel in which they were placed; (5) they are demographic, in that all trees were placed, by species, into two inch diameter classes, and dead trees over 20 inches dbh were also tallied; (6) they are re-locatable, within the error limits imposed by the surveying methods used at the time to locate them relative to PLSS corners; (7) they occur in heavily impacted, economically valuable forest types (ponderosa pine and mixed conifer) about which there is great interest but poor understanding of original conditions; and (8) they are accompanied by notes regarding the spatial patterns of trees and regeneration within the transects, shrub and herbaceous cover, and other important information.


The first objective is therefore to simply summarize the key statistical (including spatial) aspects of the original data, in order to provide both the basis for the re-sampling effort, as well as the watershed/landscape scale quantification needed to establish restoration targets for these forests.  Part of this work, including data entry and a summary of overall demographic patterns (Bouldin, in review), has already been completed.  However, more detailed analyses of spatial pattern remain, including such things as the analysis of patterns of spatial autocorrelation and exploration of relationships with topographic features and climatic patterns, both of which are integral parts of describing the spatial variation of these original forests.  We propose that the first year’s work be devoted to these statistical and spatial analyses, and that these analyses will help inform the optimal choice of transects to be involved in the re-sampling effort of years two and three in the following years.

Objective 2:


Assess the impacts of changing fire regimes (Yosemite NP and Stanislaus NF) and timber harvesting (Stanislaus NF) over the last 90+  years  on the forest structure and composition of present-day forests.


Years two and three will be devoted to this objective.  We propose to re-locate and re-sample approximately 35 transects within Yosemite NP and 70 transects within the Stanislaus NF.  The actual number will be determined based on funding allocated (if less than that requested).  The locations will be determined so as to provide estimates of change across the complete spectrum of original conditions, as determined by factors including the original species composition, demographic structure, topographic and climatic characteristics, geographic location, and known major disturbances having occurred in the intervening 90 years.  These variables will form the basis for a stratification of the original transects, and a minimum of two, but generally three, transects per stratum will be randomly chosen for re-sampling. The overall guiding principle for choice of transects to be re-sampled, will be to choose landscape areas in which topographic variability is maximized within some coherent, defined landscape area, so that the widest possible range of these determinants of forest condition can be sampled by transects that are spatially near each other.  This will allow for spatial analyses (spatial autocorrelation etc) that could potentially reveal patterns that are independent of, or overlaid upon, those caused by other determining factors (e.g. topography), for a more complete understanding of possible cause-and-effect relationships, both in the original forest conditions, and in the changes that have occurred over time.  Transects in the two management agency units are included so as to provide a comparative analysis of change in response to the very different land management histories and mandates of the two.  The approximate 2:1 ratio of Stanislaus NF to Yosemite NP transects reflects the higher number of transects originally located on the former.


Preliminary work regarding sampling strategies and field methods was performed in the summer of 2001.  This work indicates that exhaustive inventory of each chosen transect is unreasonable, due to the very high densities of small to medium-sized trees.  Sub-sampling will therefore be necessary, and choice among many possible methods will be guided by the efficiency and accuracy criteria analyzed for the various techniques by Engeman et al (1994).  Each transect will have allocated to it a minimum of twenty and a maximum of fourty, plot-less sampling locations, systematically located along the length and breadth of the original belt transects.  A systematic placement is desired, as it will allow for the subsequent spatial analyses of existing forest structure.  Because, the exact locations of the original transects can be established with high, but not perfect, confidence, the sub-sampling locations within each transect will extend out beyond the rectangle bounding the putative location of the original transect, thereby minimizing the positional errors that will arise in our decisions regarding the exact location of the original transects.   This rectangle (belt transect) will be located based on knowledge of the original samplers’ methods for locating the same, which was based on distances and bearings from section and quarter corners and transect orientation along cardinal bearings from established starting points, all using standard surveying tools of the day.  


Data analyses will emphasize changing patterns of tree diameter distributions, by species, as influenced by the stratification factors mentioned above, as well as spatial patterns that may or may not be independent of the spatial patterns of the topography, climate, species distributions etc.

Products


December 2003.  Progress report based on spatial/statistical analysis of original data set


April 2004.  Final field study plan including transect re-sampling methodology


August 2004.  Presentation of results-to-date at annual ecology (ESA) meetings


December 2004.  Progress report to all funding and participating agencies


October 2005.  Final progress report to funding and participating agencies


March 2006.  Submission of, minimally, two manuscripts to peer-reviewed journals

Budget Justification


The main need is to support one field assistant (GS-7) and one field supervisor/data analyst (Bouldin, GS-12) for the collection of field data and all data analyses.  We anticipate that the data can be collected in two, five-month field seasons by this team, with some time possibly being contributed by NPS, USGS and USFS seasonal workers.  The analytical skills required by the data analyst, including a variety of standard and spatial statistics, GIS-based analyses, knowledge of sampling and experimental design, and database management, warrant PhD and post-doctoral training and the GS-12 level.  Other significant needs are one laptop computer and the necessary statistical and GIS software.

Budget Detail

FY 2003



Data analyst (Bouldin), GS-12, 0.5 FTE




$29,662



Computer












  $2,200



Software












  $2,000



Travel













  $1,500



Other (misc expenses, supplies etc)





  $1,000



Direct costs (5%)










  $1,833



Total












      $38,495


FY 2004



Data analyst, GS-12, 1.0 FTE






     $59,324



Seasonal Field Assistant, GS-7, 0.45 FTE
     

     $17,899



Travel













 $2,500




Direct costs (5%)










 $3,986



Total











   
     $83,709

FY 2005



Data analyst, GS-12, 0.5 FTE





  
      $29,662



Seasonal Field Assistant, GS-7, 0.45 FTE
           

$17,899



Travel













 $2,500



Publication costs, conference fees





 $2,500




Direct costs (5%)










 $2,628



Total











    

$55,189


Total Project Request


  



            
    $177,393

Contributed time and equivalent dollar amount


Van Wagtendonk

10%






$10,000


Paintner



10%





  
  $6,000


Potter




10%






$10,000


Barbour



10%




      
$10,000


Bouldin



100%





         
   $0

Total contributed funds







$36,000
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