STAND-BASED STUDY SITE SELECTION FOR SAMPLING BIOLOGICAL
DIVERSITY IN HEMLOCK AND NON-HEMLOCK FORESTS AT
SHENANDOAH NATIONAL PARK

- Carolyn G. Mahan, Project Associate, The Pennsylvania State University, 204 Ferguson
Building, University Park, PA 16802; (814)863-1904; cgm2@psuvm.psu.edu

Biological diversity (biodiversity) associated with eastern hemlock (7suga
canadensis) and non-hemlock forests will be sampled within established forest stands at
Shenandoah National Park (SHEN) beginning in 1997. Boundaries of forest stands at
SHEN were defined by vegetation cover type maps provided by resource managers at the
Park. Cover type maps are based upon aerial, color infrared photographs of the entire
Park (Teeter 1988). Fifty percent of mapped cover types were field-checked for accuracy
at SHEN, with an overall accuracy rate of 70% for the seven forest cover types defined at
the Park (Teeter 1988).

Potential hemlock and non-hemlock forest stands were selected based on a
sampling design methodology proposed by USGS, Bureau of Research and Development
(BRD) researchefs at the Leetown Science Center in cooperation with other participants
in the hemlock project (Smith et al. 1996, Appendix A). Potential study stands at SHEN
were ground-truthed to check the appropriateness of using the proposed BRD
methodology to stratify stands based on topographic type (Smith et al. 1996, Appendix
A).

Hemlock stands were clustered into 3 topographic types (termed clusters 1, 2, and
3) based on their landscape attributes, as detailed in the sampling design methodology

(Smith et al. 1996, Appendix A). Hemlock stands in each cluster type were then paired



with non-hemlock forest stands using multivariate analyses of landscape attributes. Forest

stands were further stratified using the presence of streams.

Prior to ground-truthing potential stands to include in the hemlock project, stand
maps were examined by researchers from the Leetown Science Center, Penn State, and
SHEN. This initial inspection of stand maps excluded several stands from the study before
field checks were employed. Based upon visual inspection of stand maps, stands were
excluded for the following reasons (Appendix B):

1. Park resource managers indicated that the stand was severely affected by human
development and use (e.g., stand was surrounded by private inholdings, paved road
traverses stand, heavy visitor use etc.)

2. Stand was < 5 ha in size. Potential study stands should be > 5 ha in size to minimize
potential edge effects (Orwig and Abrams 1993).

3. Stand was located outside of the Park boundary.

4. Non-hemlock stands were excluded from terrestrial sampling if they were located
adjacent to hemlock stands.

Remaining hemlock stands and non-hemlock pairs were field checked during 3
separate visits to SHEN: 12-13 December 1996, 17-18 December 1996, and week of 24-
27 February 1997 (Appendices C-E). Carolyn Mahan, Project Associate at Penn State
and SHEN personnel (Gary Hunt, James Akerson, or Tom Blount) ground-truthed stands
at each visit. Other researchers also visited forest stands; including researchers from the
Leetown Science Center (Dave Smith, Craig Snyder, John Young) and Penn State (Rich

Yahner, K. C. Kim, Marc Abrams).



In addition to the aforementioned criteria, the following were used during field
visits to determine if a stand should be included in the hemlock project:

1. Stand had to be fairly accessible (to facilitate the transportation of sampling equipment
to the stand); all stands included as potential study stands required a < 30-minute walk
to reach.

2. Non-hemlock forest stands could not have hemlock as a component in the canopy or
be located adjacent to or downstream from hemlock stands.

3. Hemlock stands should be comprised of at least 40-50% hemlock in the canopy (based
upon qualitative inspection of stand).

4. Stands should be located away (> 100 m) from human and natural disturbances such as
paved roads, human habitation, landslide scars, and flood damage.

| After field visits to SHEN, 7 hemlock stands and paired, non-hemlock stands were
selected as potential study stands for terrestrial sampling (Table 1). In addition, two
hemlock stands in advanced stages of decline due to hemlock woolly adelgid infestation
were included as potential sampling sites. Only one hemlock stands and its non-hemlock
pair was identified in cluster-3 as a potential sampling site. Other forest stands in cluster-3

were either too small or too inaccessible to include for study. All stands selected contain

streams.
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Appendix A

Sampling Design Methodology for Hemlock and Non-hemlock Forest Stands at

Shenandoah National Park

David Smith, Craig Snyder, John Young; Aquatic Ecology Laboratory, Leetown Science

Center, Leetow, West Virginia



Sampling Design Methodology

Hemlock Biodiversity Research Program

This document describes the construction of a sampling design for use in Delaware Water Gap
National Recreation Area and Shenandoah National Park to determine the importance of Eastern
hemlock (Tsuga canadensis) in structuring aquatic and terrestrial communities. The goal of this
effort was to stratify field samples using landscape attributes so that large-scale influences on
biota could be accounted for and effectively removed from consideration when making
comparisons between different forest types. The procedure for laying out sample stands, after
several iterations. consisted of the following steps:

1) Landscape attributes were generated park-wide from digital representations of
topography. Using a 1:24,000 digital elevation model (based on USGS topography), park-wide
layers were generated depicting:
-elevation | ™
- slope (percent)'\j
" aspect (as “northness index™), a continuous scaled variable (cosine(aspect)) such
that north =1 and south=-1. (*
X~ solar radiance. a relative incident light variable calculated from sun angle and
position at the equinox.  :\/
- terrain shape or topographic position index. calculated using a method proposed
by McNab (1989). a continuous variable depicting slope convexity and concavity
this variable determines whether the Incal environment is a ravine. ridge, side I~
slope. or bottom.
- stand size (Sq. meters), anu perumeter

- occurrence of I3t 2mdmrd-3rd-order streams.

2) Landscape attributes occurring within each hemlock and non-hemlock forest stand were
tabulated. Z-scores were used to standardize the landscape variables to mean zero and unit
variance. GIS overlay methods were used to compute summary statistics of landscape variables
within each stand.

3) Hemlock stands were clustered into 3 basic types based on their landscape attributes.
Multi variate clustering on Z-score means for hemlock stands was used to group stands into
similar topographic types. Stands were initially clustered into between 3-3 types. We decided to
use 3 cluster tvpes because class types were easily interpretable and accurately depicted the major
ditferences in hemlock stands. Clustering stands into more than 4 types provided no additional
information about topographic variation.

4) Stands were separated based on presence of streams. Both hemlock and non-hemlock
stands were analyzed to determine the length of streams within the stand using GIS overlay
techniques. Those stands with some stream length occurring in the stand were separated from
those stands which did not contain streams for turther analysis.




5) The remaining hemlock stands were matched to non-hemlock forest stands by
calculating a multi-variate distance using landscape variables. An attempt was made to
match hemlock stands to non-hemlock forest stands in order to find stands with similar
physiographic environments, but different forest composition. A function was constructed in
Splus (“match pair()”, D. Smith) that computes a multi-variate distance between hemlock and
non-hemlock forest stands based on landscape variables. Matching between stands was
conducted using 5 variables: elevation, slope, solar radiance, topographic position, and
northness.. These variables accounted for most of the topographic variation. Matching was
constrained within hemlock stand tvpes and within stream groupings. Multi-variate distances
were ranked and the top 20 “closest” non-forest stands were used to select replicates for each
hemlock stand. Initially, hemlock stands were matched only against “cove hardwood” (SAF
2001) stands. It was necessary to reduce the available stands against which to match (in order for
the program 1o run). and it was felt that cove hardwoods would provide the nearest correlate to
hemlock in terms of topograhic structure.

6) Stands were mapped to facilitate field checks. Since accuracy of this method is highly
dependent on GIS data layers. field checks will be used to facilitate accuracy assessment of
cluster types. and matched stand pairs. A stand ID is given to each hemlock and non-hemlock
forest stand based on the polygon ID of the GIS coverage. (Note: this polygon number will not be
the same as the park’s VEG layers). Tables listing the matched hemlock and non-hemlock stands
can be used along with the printed maps to locate sample sites. All proposed sites should be
visited to check the appropriateness of using this methodology to stratify stands based on
topographic tvpe.

Sampling methods developed by David Smith. Craig Snyder. and John Young. Aquatic Ecology
Laboratory. Biological Resources Division. USGS, Leetown. West Virginia.
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