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E. Abstract 
The hemlock woolly adelgid (Adelges tsugae Annand.) is an exotic pest currently threatening hemlock trees (Tsuga canadensis (L.) Carr.) in the eastern United States (McClure 1991, 1992). Adelgid infestations have caused rapid defoliation of hemlock trees and can result in complete mortality of all hemlock trees in affected stands within four years (McClure 1991) but the severity of the damage varies among stands (Orwig and Foster 1996). In 1994 and 1995, we established a network of permanent, intensive plots in two hemlock ravines located in Delaware Water Gap National Recreation Area (DWG).  We documented the distribution and abundance of the entire understory flora in relation to environmental gradients (light, soil temperature, substrate).  The work (Battles et al. 2000) was conducted in coordination with the Park’s adelgid monitoring program in which the health of T. canadensis trees has been assessed annually since 1993.  The inventories were completed before any detectable adelgid damage occurred.  By 2000, one of the two ravines exhibited moderate decline with more than 10% mortality of T. canadensis. The hemlock population in the other ravine was still healthy even though the adelgid was present (Evans 2000).  We propose to build on this natural experiment, one that includes both a significant treatment and solid pre-treatment baseline information, to examine understory response to canopy disturbance.  
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II.
Overview 

A.
Statement of issue
The disturbance caused by hemlock woolly adelgid in the DWG offers a unique chance to document ecosystem response to the selective removal of a dominant species.  The quantitative information gathered will contribute significantly to what is currently known about the ecosystem consequences of eastern hemlock mortality.  This research will contribute to our understanding of the role of a dominant species, successional dynamics, the entry of invasive species into systems, and will aid in management and decision making within the park.

     Delaware Water Gap National Recreation Area is an ideal location for this research because of the presence of baseline information prior to hemlock wooly adelgid canopy disturbance.  In addition, the 14 paired hemlock and hardwood ravines established by the USGS (Young et al. 2002) provide an ideal design to investigate the distribution and spread of invasive species related to hemlock decline. 
B.  Literature summary
Eastern hemlock is an important component of the eastern deciduous biome and often forms nearly pure stands on certain landscape positions including stream ravines and north facing slopes (Braun 1950). Hemlock is an evergreen, needle-leaved conifer. Hemlock trees cast deep shade; an intact hemlock canopy transmits less than 2% of full sun to the forest floor (Canham et al. 1994). It is a long-lived and slow-growing species that is extremely shade tolerant (Burns and Honkala 1990).  As a consequence of these individual and stand level attributes, the environmental conditions in the hemlock understory is relatively constant (Rogers 1980). For example there is little of the seasonal variability of light levels that is so important to understory plants in deciduous hardwood stands (Bormann and Likens 1979). Uniformly low light availability, relatively small daily temperature fluctuations, and sharply defined borders are characteristics of  the understory environment in hemlock stands (Rogers 1980).

 Hemlock woolly adelgid is an alien pest thought to have arrived in North America from Japan or Formosa (McClure 1992).  It was found in British Columbia in 1924 and in Oregon in 1928 by Annand (Young et al. 1995).  It was not found on the East Coast until the 1950s when it was observed on ornamental hemlocks in Virginia (McClure 1989). It now occurs on the West Coast from northern California to southern Alaska and on the East Coast from Virginia to Massachusetts (McClure 1992). 


McClure (1991) found that infestation by hemlock woolly adelgid caused total mortality of the hemlock trees in the stand.  The five study sites (one plantation and four small forest plots in Connecticut) all showed the same pattern of infestation. The adelgid population increased rapidly to a peak in the first year of the outbreak. Adelgid populations decreased during the second year when damaged hemlocks produced little new foliage. The third year resulted in a second smaller peak with 11 - 15 % of the hemlock buds producing stunted new growth (McClure 1991). In the fourth year of the study, adelgid populations crashed as almost all individuals became winged sexpura and left the declining hemlock stand in search of an alternate spruce host.  At the end of the study, all hemlocks in the stands either were dead or had only 5% of their original foliage remaining (McClure 1991). Orwig and Foster (1996) did a more extensive survey of adelgid infested stands in Connecticut. They documented a range of adelgid-related disturbance from complete hemlock mortality to relatively minor canopy thinning. The primary response to this disturbance was an increase in the establishment of shade-intolerant species including non-native invasive species.


At the DWG, many large stands of hemlock trees occur on the steep slopes surrounding cascading streams. These hemlock ravines attract many visitors and are highly valued for their distinctive aesthetic, recreational, and ecological qualities. A number of these ravines are recognized as “Outstanding Natural Features” in the DWG’s management plan (Evans 1995). Currently no method exists to control adelgid populations in natural stands. While McClure’s (1991) results for hemlock stands in Connecticut may be a worst case scenario, hemlock woolly adelgid presents a serious threat to these distinctive, hemlock-dominated ecosystems.


C.
Scope of study:  The majority of the data for this project will be collected at Delaware Water Gap National Recreation Area.  Additional studies may be conducted at Cornell University’s Arnot Forest and at Shenandoah National Park. 

D.
Intended use of results:  Results of this research will be used in a PhD dissertation and in publications.

III.  Objectives 
1) Investigate changes in understory vegetation resulting from hemlock woolly adelgid related canopy disturbance.  

2) Assess the spatial distribution of invasive species to determine the role of hemlock woolly adelgid related canopy disturbance in determining invasion patterns.  Explore the generality of current theories of invasibility and attempt to attribute patterns of invasion to the effects of species properties, disturbance, and propagule pressure.   

IV.
Methods
A. Description of study area: 
The quantitative inventory of understory vegetation will be repeated in Adams Creek (Pike County, Pennsylvania) and Van Campens Brook (Sussex and Warren Counties, New Jersey).  Adams Creek (AC) and Van Campens Brook (VC) are tributaries to the Delaware River and are 5.5 km straight-line distance apart. Adams Creek is a third order stream which flows southeast off the Pocono Plateau. The study area consists of approximately 36 ha of hemlock-dominated forest along both sides of Adams Creek. Van Campens Brook is a second order stream formed from the drainage of Long Pine Pond and Blue Mountain Lake and flows southwest into the Delaware River. The study area encompasses about 18 ha with most of the hemlock-dominated woods on the north-northwest facing side of the stream. 
To monitor hemlock and adelgid populations, the NPS established a network of plots in the two hemlock-dominated ravines. Random points along each stream were selected and a plot was located at 10 m, 30 m, and 50 m upslope from the stream edge (ravine plots) if the adjacent forest was dominated by hemlock trees (basal area > 50%). Places where it was impractical to establish plots (e.g., steep slopes and forests between waterfalls) were excluded. Each hemlock monitoring plot is a 6-m wide belt transect running parallel to slope. Lengths vary to include a sample of ten hemlock trees with a minimum DBH (diameter at breast height, 1.37 m) of 2 cm and no more than two trees less than 10 cm in DBH. Initial health and adelgid assessments were completed in 1994. 12 sets of plots (36 plots) were placed in Adams Creek and 8 sets (24 plots) were placed in Van Campens Brook.

The permanent understory points were established in the center of the hemlock monitoring plots. The straight-line distance between the two end trees in the plot (Tree #1 and Tree #10) was measured. The midpoint of this distance was marked with a 35-cm tall rebar stake. In addition, stream points were located 1 m from the stream edge (as it existed in Spring 1994) in a line that forms the perpendicular between the 10-m point and the stream bank. Edge points were also established if a discernible edge (topographic or forest composition) was within 100 m upslope from the 50-m point. These points serve as the fundamental reference for the nested sampling scheme described below. 
There are a total of 92 permanent points/plots. Adams Creek includes a total of 55 plots: 36 ravine plots under hemlock canopy, 12 stream plots and 7 edge plots. Van Campens Brook includes a total of 37 plots: 24 ravine plots, 8 stream plots and 5 edge plots.
Additional vegetation measurements and invasive species studies will utilize the 28 hemlock and hardwood study sites designed by Young et al. (2002).

B.  Procedures: 
Quantitative Vegetation Sampling
The following quantitative vegetation sampling, conducted in 1994 and 1995, will be repeated.  The vegetation was divided into four categories: canopy trees, subcanopy trees and shrubs, herbs and seedlings, and bryophytes. Canopy trees were defined as trees in dominant or co-dominant crown classes; subcanopy tree were defined as trees in intermediate or overtopped crown class (Crown classifications from Zedaker and Nicholas 1986). Shrubs were defined as multistemmed woody plants. Herbs were defined as non-woody vascular plants (i.e., dicots, monocots, ferns, and fern allies). Seedlings were defined as trees < 1 m tall. Bryophytes included mosses and liverworts. These categories represent the vertical stratification and separation of plant life forms in this forest ecosystem. 
The basic sampling unit was a 2x4-m quadrat. The quadrat base was set parallel to the streambed and centered on the point. The quadrat was divided into two 2x2-m subquadrats (upstream and downstream) to facilitate vegetation cover estimates. 

Canopy tree composition was quantified using the point quarter method (with the four quarters delimited by the base of the 2x4-m quadrat and a line perpendicular to the quadrat base. At stream sites, canopy tree composition was estimated with a 2.5 factor (metric) basal area prism (Mueller-Dombois and Ellenberg 1974). Canopy height was estimated by measuring the height of the largest tree at each plot. Heights were measured using the protocol described in Zedaker and Nicholas (1986). All subcanopy trees and shrubs  1 m tall within a 5 m radius of each point were tallied by species. In addition, DBH measurements were recorded for individuals  2 cm in DBH. 

Herbs and seedling cover was estimated in 2x4-m quadrat at each point. The presence of all vascular plant species was recorded and visual estimates of percent cover were made for species covering more than 1% of the 2x2-m subquadrat. Substrate cover (e.g., % forest floor, % dead wood, % rock) in each subquadrat was also visually estimated. To improve the precision and accuracy of plant cover estimates, each 2x2-m subquadrat was measured separately and the same researcher performed all the cover estimates throughout the study. To further quantify tree seedling abundance, counts of all tree seedlings < 1 m tall were made in a 1x0.5-m nested quadrat in the lower upstream corner of the upstream 2x2-m subquadrat.

Bryophyte composition and abundance was measured using a 1x0.5-m nested quadrat in the lower downstream corner of the downstream 2x2-m subquadrat. All species present were recorded along with their percent cover and the substrate on which they were growing. The protocol for this opportunistic bryophyte sampling was to identify the nearest rock, dead wood, and live wood to the permanent point and measure bryophyte composition and cover on each substrate using a 10x20-cm flexible gridded frame. If no rocks, dead wood or live wood was within a 5-m radius of the point, that substrate was not sampled at that point. The sampling frame was located on the most bryophyte-rich area of the substrate.

In 1995, all permanent plots were marked with six 17-cm rebar stakes in addition to the original 35 cm rebar marking the center of the 2x4-m quadrat base. Four stakes were placed to mark the 2x4-m quadrat corners and two stakes were used to mark the upper inner corner of the nested quadrats for seedlings and bryophytes. All stakes were pounded flush to the soil surface. Occasionally, rocks prevented the placement of one of the stakes.  

Similar vegetation sampling methods will be used to assess the effect of hemlock decline on the distribution of invasive species.  We will survey vegetation within these ravines and around the ravine edges to quantify current vegetation and document the presence of invasives. We will utilize this information to begin quantitative comparisons of invasion between hemlock stands and hardwood stands, between healthy hemlock stands and hemlock stands with varying degrees of woolly adelgid related disturbance, and between young and old hardwood stands.  Additionally, this data will be used to develop a Geographic Information Systems based approach to model the dispersal potential of selected invasives into the hemlock ravines.  Using this approach we hope to quantify the propagule supply and determine the role of dispersal limitation in driving invasion in hemlock forests impacted by hemlock woolly adelgid.  Because attempts to explain community invasibility independently of the invading species may lead to inaccurate predictions, this study will focus on three invasive species with different life history strategies: a grass, Microstegium vimineum; a shrub, Elaeaganus umbellata; and a tree, Ailanthus altissima. 

Due to the significant impacts of overabundant deer populations on understory regeneration, we need to account for the role of herbivory in hemlock regeneration and the invasion of exotic species.  To investigate the role of herbivory, small deer exclosures (approximately 3 ft tall, with a 2X2 ft footprint) will be placed in the Adams Creek and Van Campens Brook plots and in selected areas of the fourteen paired hemlock and hardwood ravines.  Deer exclosure design and location will be developed in accordance with input from Rich Evans, Delaware Water Gap National Recreation Area ecologist, in order to minimize any visual impacts.  Some of these will be placed in plots this summer and additional exclosures may be added to the plots in the 2004 field season.  
Environmental Measurements

The following environmental measurements, conducted in 1994 and 1995, will be repeated.  At each permanent point, slope, aspect, microrelief, and topographic position were recorded (methods and protocols from Zedaker and Nicholas 1986). During 1994 available light was estimated 1 m above each point by taking a hemispherical photograph of the canopy and then calculating the percentage of incident photosynthetically active radiation reaching that point during the growing season (the gap light index, GLI, Canham 1988). 


C.
Collections - NA

D.
Schedule: Field work will begin in June of 2003 and continue until the end of August. A similar schedule will be followed in the summer of 2004 and 2005.

E. Budget:  Academic year support of graduate researcher will come from UC Berkeley.  Summer support will be provided by UC Committee on Research Support.


Grad researcher support 


 


$ 4,800
Transportation (air fare, housing, car)



$ 2,500
Supplies  







$ 1,000







Total

$ 8,300
V.
Products

A.
Publications and reports:  The primary product of this research will be a PhD dissertation and publications in peer-reviewed journals. 


B.
Collections: NA

C.
Data and other materials:  
This project will generate the following products:  Results from the repeated vegetation surveys in Adams Creek and Van Campens Brook, data from vegetation surveys of 14 paired hemlock and hardwood ravines, data resulting from deer exclosures, a summary of the qualitative inventory of invasive vegetation, and GIS coverages of selected invasive species distributions.  
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VII. Qualifications


See attached curriculum vitae.  

VIII. Supporting Documentation and Special Concerns 

A.
Safety: NA

B.
Access to study sites:  All sites will be accessed by foot.  The Adams Creek and Van Campens Brook ravines will each be accessed over a period of no more than 3 weeks to repeat the vegetation sampling.  A selected group of the fourteen paired hemlock and hardwood ravines will be entered for several days during each field season.   Restricted areas will not be entered and no backcountry camping will be required.

C.
Use of mechanized and other equipment:   No mechanized equipment will be required.  Small deer exclosures (approximately 3 ft tall, with a 2X2 ft footprint) will be placed in the Adams Creek and Van Campens Brook plots and in selected areas of the fourteen paired hemlock and hardwood ravines.  Deer exclosure design and location will be developed in accordance with input from Rich Evans, Delaware Water Gap National Recreation Area ecologist, in order to minimize any visual impacts.  Some of these will be placed in plots this summer and additional exclosures may be added to the plots in the 2004 field season.  These exclosures will remain at the study site for a maximum of three years.  Deer exclosures will not be placed in restricted areas.

D.
Chemical use: NA
E. Ground disturbance: NA
F. Animal welfare:  This research does not include capture, holding, marking, tagging, tissue sampling, or other handling of animals.   

G.
NPS assistance:  NPS field assistance will not be required.


H.
Wilderness “minimum requirement” protocols:  NA
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National Science Foundation grant aimed at GIS education.  

 

·
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·

 

Conducted several online GIS training courses.

 

·
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exercises aimed at 

understanding the development, management and spatial distributio

n of ecosystems

; 

conducted review sessions; and assigning grades to field reports. 

 

 

 

 

Publications

 

Beard, K.H., A.K. Eschtruth, K.A. Vogt, D.J. Vogt, and F.N. Scatena. 

 

In Press

. 

 

Eleutherodactylus coqui 

(

Thomas)

 effects on invertebrates and ecosystem

 

processe

s at two scales in the Luquillo 

Experimental Forest, Puerto Ric

o

.

  Journal of Tropical Ecology.

  

 

 

Beard, K.H., 

S. McCullough, and A.K. Eschtruth.  200

3

.  A quantitative assessment of habitat preferences for 

the Puerto Rican terrestrial frog, 

Eleutherodact

ylus coquí

.  

Journal of Herpetology

.

 37

: 10

-

17.

 

 

Symposium: 

 

Long

-

Term Ecological Research in Puerto Rico. 

 

Saturday, January 13, 2001

.  

University of 

Puerto Rico. 

 

Beard, K. H., A.K. Eschtruth, K. A. Vogt.  The role of a terrestrial frog in nutrient cyclin

g in 

the Luquillo

 

Experimental Forest

 

 

 

Skills

 

 

ArcView GIS, Spatial Analyst and other ESRI extensions, MS W

ord and Excel, web page design

, 

laboratory 

analysis (spectrophotometer, CHN analyzer, ICP, flow analyzer), field techniques

 

 

 

 Membership

s

   

Tropical Resources Institute grant (1999), Xi Sigma Pi, Society of American Foresters, James B Angell 

 

 and Honors       

Scholar, Forest Stewards Guild, H. Stuart Harrison Fellowship Award

 

(2000)
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