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RESTORATION OF BIOLOGICAL DIVERSITY IN FORESTS OF

TWO GREAT LAKES NATIONAL PARKS

Abstract:  The Great Lakes biome represents a unique blend of terrestrial plant and animal communities bordered by the largest freshwater basin in the world.  This largely forested landscape has been highly disturbed by human activity.  Like most of this region, the areas we now call Pictured Rocks and Sleeping Bear Dunes National Lakeshores were exploited for timber and are now dominated by second-growth forests undergoing succession.  The premise of this proposal is that restoration of native biodiversity within these lakeshores depends on understanding the differences between pre-European settlement and current forest structure and composition.  This project will assess current forest structure for comparison with estimated pre-European settlement conditions, examine the influence of a keystone herbivore (white-tailed deer), and determine the potential for restoration of pre-European settlement forest conditions.  This project will generate specific actions and management recommendations for the restoration of pre-European settlement forest structure and native biodiversity on National Park Service lands.

INTRODUCTION

Pictured Rocks National Lakeshore (PIRO) is most notable for its 65 km of Lake Superior shoreline, including long beaches and the dramatic sandstone cliffs for which the lakeshore is named.  However, the lakeshore also includes approximately 29,100 ha of forest, virtually all second growth.   Located in Michigan’s Upper Peninsula, the lakeshore is in the transition zone between northern boreal and northern hardwood forest types.  As a result, forest communities range from maple-beech to red and white pine, and black and white spruce.  What makes the lakeshore unique in the national park system is that approximately one-half of the lakeshore’s terrestrial acreage is maintained in a non-federal Inland Buffer Zone (IBZ). The IBZ  was established to allow timber harvest and some development while providing for protection of lakeshore resource values, including viewsheds and watersheds.  Most of the IBZ acreage is commercial and state forest. 

Sleeping Bear Dunes National Lakeshore (SLBE), located in the northwestern portion of the lower peninsula of Michigan, is known for high shoreline sand dunes and long beaches.  The lakeshore contains approximately 23,470 ha of land and 4,860 ha of water area, including two large islands (2,020 and 6,070 ha) in Lake Michigan.  There are 103 km of Lake Michigan shoreline included in the Lakeshore.   The lakeshore forests are comprised of mostly second growth, mixed northern hardwoods, dominated by birch, beech, maple, oak, white pine and hemlock.  Most of the lakeshore was in private ownership prior to inclusion into the national park system, resulting in a residual forest with wide range of forest types.  There are pockets of virgin cover type as well as monotypic stands of pine plantations.  

PROBLEM STATEMENT

Timber harvesting and subsequent slash fires in the mid- to late 1800s and early 1900s resulted in dramatic changes in forest structure and percent forest cover in the Great Lakes Region.  Many cutover areas have regenerated naturally, while others were planted in mixed-species or monotypic stands.  The most widespread forest types in pre-European settlement times were northern hardwoods and mixed hardwoods and these types have declined as a percent of forest cover in the upper Great Lakes Region since pre-European settlement times (Curtis 1959, Stearns 1990, Frelich 1992).  In addition, aspen species have increased as a percentage of total forest coverage as stands regenerated.  Plantations of conifers such as red and jack pine have also replaced more heterogeneous conditions of pre-European settlement forests.  Consequently, the current forest landscape of the upper Great Lakes region differs substantially from pre-European settlement conditions in both tree species composition and forest and understory structure.  

Because Pictured Rocks and Sleeping Bear Dunes National Lakeshores were established recently (PIRO in 1966, SLBE in 1970), previous settlement and land-use practices, primarily logging, brought ecological changes similar to those in the rest of the Great Lakes region. These changes dramatically altered the lakeshores’ landscapes from the forest communities found by the first European settlers.  The long-term impacts of this land use make the National Park Service (NPS) goal of preserving or restoring pre-European settlement native systems extremely difficult. The second-growth forests now found in the lakeshores, while probably appearing to the average visitor as unaltered, are likely very different in species composition, community structure and diversity from pre-European settlement forests.  
Additionally, at Sleeping Bear Dunes NL, white-tailed deer have played a major role in altering forest structure and composition.  On North Manitou island, deer were deliberately introduced in 1926.  Deer densities were once so high (33 deer/km2), and the vegetation so negatively impacted, that a special hunt was established in 1985.  Deer densities are now much lower (5 deer/km2) due to successful NPS management of the herd, and the forest understory appears to be recovering naturally.  We believe the continued recovery of the understory on North Manitou will have important effects on breeding bird community composition, nesting densities, and productivity in the coming years. South Manitou island has historically been free of deer, but recently a small number of deer have reached the island from North Manitou.  The NPS is trying to eradicate these animals before a population is established.  Provided the deer-free island remains so, long-term data on the differences in forest structure and community between the two sites will be essential to management.  If deer become established on South Manitou (an ongoing threat), monitoring will be essential to track resultant changes in forest structure and community.

Project Goal

The goal of this project is to conduct an integrated assessment of current forest conditions in two national park units to guide targeted studies of forest communities, initiate forest diversity restoration efforts, and develop a strategy for long-term tracking of forest diversity indicators. 

Objectives

Short-term:  The primary objectives of this study are to:

1. Develop a baseline of current conditions of forest community and biological diversity information for forests at PIRO and SLBE, and to make a determination of the likelihood of succession to pre-European settlement conditions;

2. Examine forest successional patterns for two islands at SLBE, one heavily influenced by deer herbivory, one free of deer;

3. Compare forest community and diversity indicators for federal “future old-growth” versus adjacent non-federal forests managed for timber within PIRO, as well as edge effect between the two forests; and 

4. Examine the role of “future old-growth” protected area forests (PIRO and SLBE) in monitoring overall forest health and diversity in Michigan.

Long-term:  This project will establish an extensive network of plots.  These plots will be compatible with state and national forest monitoring programs to ensure data comparability that will aid in analysis of the value of protected area forests in comparison with regional forests managed for timber. Initially, only vegetation, bird communities, and deer will be examined, but in the future herpetofauna, small mammals, and other taxa may be incorporated as additional indicators of diversity.  Lakeshore-based monitoring will utilize these plot locations into the future for temporal trend anaylsis. 

DESCRIPTION OF ACTION

Considerable research on habitat associations of many taxa suggests that changes in forest structure as seen in the Great Lakes region influence biodiversity.  Forest stand structure has been shown to influence patterns of community composition for birds (MacArthur 1958), mammals (King et. al. 1996), and amphibians (Welsh and Lind 1991).  Some animal taxa associated with early successional forests may undergo complete replacement as forests succeed to more mature stages.  Among the taxa influenced by successional changes in forest structure, birds have been among the most intensively studied (Titterington 1979, Cody 1985, Wiens 1994).  Forest stand structure (e.g., tree and understory species and age structure) has been shown to influence habitat use (Moss 1979, Cody 1985) and parameters affecting nest success (Holway 1991, Martin 1992) such as brood parasitism (Brittingham and Temple 1983) and predation rates (Martin and Roper, 1988, Flaspohler et al., in press (a)).  In the upper Midwest, some bird species have been shown to be: (1) area-sensitive (Bond 1957, Blake and Karr 1987), (2) edge-sensitive (Brittingham and Temple 1983, Thompson 1993, Flaspohler et al., in press (b)), and (3) influenced by landscape-scale patterns of forest cover and fragmentation (Gibbs and Faaborg 1990, Robinson et al. 1995, Donovan et al. 1995).  For these reasons, birds provide an ideal group for assessing the influence of temporal changes in forest structure on biodiversity.  In spite of this, few studies have been conducted in the Lake States to monitor the response of bird communities to forest succession.  

Pictured Rocks and Sleeping Bear Dunes National Lakeshores represent relatively typical patterns of forest recovery and succession following intensive timber harvest 70-120 years ago.  These lakeshores represent some of the best landscapes to study plant and bird community 

response to forest succession because, unlike most public lands in the region, no extractive activities will impact these lands in the future.  However, many questions remain about how vegetative recovery will progress, and how animal species will respond to the successional processes of these forests.  For example, recruitment of new tree seedlings is influenced by seed and seedling predation by granivores and herbivores (Alverson et al. 1988).  The abundance of a keystone herbivore in the Lakes States, the white-tailed deer, has increased dramatically since pre-European settlement times.  Such changes in animal densities suggest that successional processes and tree and understory plant species (e.g., trillium spp., orchidaceae) composition may be influenced by the relative abundance of herbivores and their associates (Augustine and Frelich 1998, VanDeelen et al. 1995).  With few controls, it has been difficult to study how current deer browse intensity affects natural successional processes.  Uniquely, both PIRO and SLBE contain areas that have been protected from intense deer browse due to heavy lake-effect snows (PIRO) and the isolation of South Manitou Island (SLBE).  Currently, the goal of maintaining a primitive vignette of pre-European settlement conditions remains difficult to attain with little information on how succession proceeds under conditions that differ from pre-European settlement times.  As a result, managing for the variety of animal species associated with succeeding plant species can be very difficult.  

We propose to examine changes in vegetation structure and community composition over time and the response by the bird community (species presence and productivity).  Such information is lacking for most park units in the Midwest and would yield valuable information on: (1) fine and coarse-scale habitat relationships (e.g., stand-level vegetation structure, landscape-scale forest dynamics) in the short-term, and (2) long-term temporal changes in forests on NPS lands and corresponding changes in the bird community.  Such information from two similar but geographically dispersed park units would be valuable to management in the short-term (5-25 years) and especially in the long-term (50-100 years).

METHODS

Although work conducted at the two lakeshores will be led by two groups of principal investigators, open communication will be maintained to ensure that the project meets the objectives of this proposal.

The fieldwork for this project will consist of four components:

1. (PIRO/SLBE) Establish an extensive network of study plots;

2. (PIRO) Collect songbird and vegetation community data, including understory structure and tree species recruitment, in protected forests and Inland Buffer Zone forests;

3. (SLBE) Collect vegetation data and data on songbird relative abundance, relative density, and community structure on islands with a history of high (North Manitou) and low (South Manitou) deer density.

4. (SLBE) Collect data on predation rates on artificial nests and small mammal community structure and indices of density on both islands and the mainland.  

5.   (SLBE) Reconstruct the recovery of tree regeneration on North Manitou Island along with 


current conditions on South Manitou Island.  This will provide comparative data between the 

two islands and serve as a baseline for conditions on South Manitou should deer colonize that island.   
Establish Network of Study Plots:   

At Pictured Rocks and Sleeping Bear Dunes National Lakeshores, NPS staff will produce coordinates for a network of permanent, geo-referenced plots.  Random plot locations will be located using the grid-based system designed for the National Forest Health Monitoring and Forest Inventory and Analysis programs.  Technicians at the North Central Forest Experiment Station in St. Paul, MN, will provide UTM coordinates produced from an intensification of the existing grid within the Lakeshores’ boundaries.  The purpose of this plot network is to gain a comprehensive baseline of forest structure and diversity which will then provide the basis for lakeshore-based forest monitoring.  Subsets of these plots will be used to meet the other objectives of this study.  

Vegetation Sampling:  

At Pictured Rocks NL, protocols for plot establishment and sampling will be modified from the Forest Health Monitoring (FHM) Field Methods Guide for the National Forest Health Monitoring Program (USDA, 1998).  Using these established protocols will ensure data compatibility with current and future vegetation monitoring in federal and state parks and forests, and on private and corporate lands across the region.  We will generate approximately 360 points within the lakeshore boundary, which is at a sampling intensity 30 times greater than the national FHM program.  Analysis of heterogeneity after sampling 50 plots during the first year of sampling will provide the data needed to determine the final sampling intensity required to fully assess forest conditions.  Each 0.1-hectare plot is comprised of four 17.95-meter radius subplots.  Parameters include, but are not limited to, vegetation composition and diversity, forest type, site index, condition class, tree vigor, down woody debris, regeneration, and abiotic site characteristics.   

At Pictured Rocks NL, project investigators will obtain comprehensive data on composition and structure of forests in the lakeshore.  Understory and ground cover vegetation will be assessed on all plots along with the overstory component.  The logging histories of plots will be determined using existing maps based on state of MI and commercial logging records.  This information will be used in conjunction with an avian survey to relate avian use to forest type, condition, and land use.  Use of existing digital elevation models, color infrared digital ortho-quadrangles, digital soil surveys, and collected vegetation data will allow us to model forest structure and bird distributions throughout Pictured Rocks NL. 

The pre-European settlement vegetation for the extent of Pictured Rocks and Sleeping Bear Dunes National Lakeshores will be reconstructed from GLO notes using well-established protocols (Zhang et al. 1999).  Historical disturbances (time of the GLO survey) will also be mapped and catastrophic fire and windthrow return intervals will be calculated following the methods developed by Zhang et al. (2000).  This may require examination of areas surrounding the Lakeshores in order to have a geographic area large enough to calculate historical disturbance regimes.

On North Manitou Island, the recovery of tree populations will be reconstructed by sampling natural tree regeneration and documenting changes in rates of successful establishment, growth and recruitment.  This approach has been used extensively to understand natural stand dynamics (Heitzman et al. 1997).  The small size and slow rates of height and radial tree growth typical of 

natural regeneration in the forest understory will complicate the historical reconstruction of regeneration following the initiation of hunting on North Manitou, but we are confident the changes in demography and growth of trees will be directly related to changes in deer density and rates of deer harvest.  We will also compare current understory plant communities on North and South Manitou Islands.  A Ph.D. student under the supervision of Pregitzer will supervise collection and analysis of the vegetation data.  

Bird Surveys: 
At Pictured Rocks NL we will use variable circular plot (VCP) distance sampling (see Buckland et al. 1993) to enumerate breeding birds at each plot.  This technique has been field-verified recently at parks in Hawaii (Fancy 1997, Nelson and Fancy 1999). The center of each VCP will be oriented on the center of each vegetation sampling plot.   A subset of these plots that fall into areas of similar overstory structure, but vary in the density of Canada yew in the understory, will be used to examine the importance of yew to ground nesting bird species.  The observer will use a laser rangefinder to estimate the horizontal distance to each bird observed or heard during the sampling interval.  In addition, observer, date, time of day, and weather parameters will be recorded at each plot.

Pictured Rocks NL will use the computer software programs DISTANCE (Version 4) and SAS to analyze bird count data.  Initial detection functions for common species will be developed from data collected on the 50 plots measured in 2001.  Relative abundance of species by broad habitat type will be assessed initially following Fancy (1997) and Nelson and Fancy (1999).  The DISTANCE program will also be used to adjust for different covariates such as observer effect and effects of weather on detection distances.  Multivariate analysis of variance and regression techniques (e.g. logistic regression) will also be used to compare bird abundance and diversity indices to select forest stand characteristics.  Logistic regression will be used to model probability detection functions for select avian and vegetation characteristics following Simons et al. (2000).

Bird sampling at Sleeping Bear Dunes NL will focus on describing the relative abundance, density, and productivity indicies for the eight most common breeding species (Least Flycatcher, American Robin, Veery, Hermit Thrush, Red-eyed Vireo, Ovenbird, Black-throated Green Warbler, and Rose-breasted Grosbeak).  At Sleeping Bear Dunes NL, we will establish mist-netting arrays (15-nets each) on North and South Manitou Islands.  These arrays will be monitored from 20 May-31 July and will follow a transect from shoreline-scrub vegetation to closed-canopy forest.  Transects on South Manitou will include beech-maple-hemlock forest with healthy yew populations, while transects on North Manitou will include beech-maple-hemlock forest without yew.  This design will allow us to compare changes in bird communities along a shore-to-forest gradient on the two islands.  It will also allow us to compare bird community structure on the two islands.  Mist-netting is particularly well suited for questions dealing with understory bird species since it preferentially samples birds active in the lower three meters of the forest.  Mist-netting will be repeated for three field seasons.  

We will also locate and conduct 20 variable-radius point-counts in a stratified random pattern in each of the major forest types shared by North and South Manitou Islands.  This will provide additional information for comparing community structure within all strata of the forest.

A Ph.D. student under the supervision of Flaspohler will lead the bird sampling and associated vegetation sampling.  Vegetation will be sampled at all point-count plots and mist-net arrays based on some adaptation of protocols developed by James and Shugart (1970).

Predation is the main source of nest failure for birds and small mammals are major predators of ground and shrub nesting birds.  In 2002, we will conduct an artificial nest study and associated small mammal live trapping to identify relative differences in predation pressure on the two islands and mainland and to assess differences in the small mammal community structure and relative density.  There is a great deal of evidence that island populations of many small mammals are found in higher densities than their mainland counterparts.  This suggests that ground- and shrub-nesting songbirds on NMI and SMI may face greater predation pressure and consequently, reduced productivity on the islands relative to the mainland.  Understanding such differences would be valuable for any management action aimed at migratory songbirds, the most diverse vertebrate taxa in SLBE.  

MANAGEMENT IMPLICATIONS

Management implications referenced to each of the stated objectives (see page 4):

Short term Objective 1:  The baseline of forest community conditions and diversity developed for PIRO will be comprehensive and focused at the stand level, while the baseline for SLBE will focus on the relationship between forest structure and white-tailed deer.  This baseline will go beyond I&M needs to directing stand level restoration to pre-European settlement conditions where desired.  Determination of restoration efforts will be accomplished in consultation between MTU forest researchers, lakeshore resource managers, and superintendents based on analysis of General Land Office notes, soils surveys, General Management Plan (GMP) directives, and comparisons with existing examples of old growth.  Both PIRO and SLBE are developing new GMP documents and terrestrial community information will greatly assist in the implementation of GMP objectives, such as location of new campgrounds, and help predict environmental impacts within the Lakeshores.

Short term Objective 2:  Impacts of deer herbivory on successional patterns at the two SLBE islands will be studied to provide management with needed comparative information between a heavily browsed  system  and a deer-free system.  In recent years, deer have crossed from the populated island to the deer-free system.  Eradication has proven difficult (and expensive) due to thick vegetative cover and abundance of food (making baiting ineffective).  Impact assessment is needed to justify the appropriate level of effort and goal of the program.  Questions to answer:  (1) Should the goal be control or eradication?  (2) If the goal is control, what population level would be acceptable?  (3)  What expense is warranted to meet program goals?  These questions are part of any IPM program, and need solid information on the effect of the problem species. SLBE is currently producing a new General Management Plan (GMP), which will be finished in 2002.  The results of this work will help guide implementation of the new GMP.

Short-term Objective 3:  Comparison of forest diversity indicators between the protected forests of PIRO and Inland Buffer Zone (IBZ) forests managed for timber will enable land managers to make appropriate determinations of species composition and habitat utilization across management boundaries.  This information will aid in ecosystem level efforts to protect wide-ranging species of concern such as the gray wolf and northern goshawk, including identification of important corridors between habitats.  It will also evaluate the importance of edge-effect between protected and harvested forests, and determine species dependence on those edges.  This edge-effect community may be comparable to pre-European settlement communities located at the edge of fires, beaver dams, and major windfalls.     

Short-term Objective 4:  As lakeshore forests successionally move toward an old growth state, they become more valuable as comparisons with harvested forests across the region.  The National Forest Health Monitoring Program is interested in working with the lakeshores to assess the role of protected areas in regional forest diversity.  This has direct implications for large scale (Great Lakes basin) ecosystem management (Davis et al. 2000).

Long-term Objective:  This project will greatly increase the lakeshores’ ability to monitor their forest communities beyond what may be accomplished with the best scenarios of the NPS I&M Program.  It will provide a finer scale understanding of the significant, complex, second growth forest resources.  It could also provide protocols useful to other park units to develop forest monitoring compatible with state and national forest monitoring programs.  Therefore, this project does not duplicate I&M program efforts, but complements it.

PRODUCTS
The following products will result from this project:

1. (PIRO) An analysis of current conditions of forest and bird community structure in protected versus managed forest communities and an analysis of succession scenarios for PIRO forests with various logging histories;

2. (PIRO/SLBE)  Comparison of current forest conditions and pre-European settlement conditions (via General Land Office notes and other records);

3.
(SLBE) A comparative analysis of the effects of deer herbivory on second growth forest succession and on patterns of forest and bird community structure on N. and S. Manitou Islands; 

4.
(PIRO/SLBE) Arc View-based GIS data layers of forest stand structure and community composition;

5. (PIRO/SLBE) Establishment of a comprehensive network of forest monitoring plots and development of monitoring protocols for lakeshore-based monitoring.

6.
(PIRO) Analysis of the role which protected forests will have in assessing regional forest health and diversity, and an assessment of future old-growth. 

7.
(PIRO/SLBE) Contributions to scientific literature: two PhD dissertations; peer reviewed, published journal articles; professional conference presentations; and

8.
(PIRO/SLBE) Establishment of a long-term relationship with Michigan Technological University’s School of Forestry and Wood Products to continue cooperative natural resource projects.

The first four products will be included in one or more final reports to the National Park Service park units involved.  The principal investigators for each park unit (PIRO or SLBE) will be responsible for products specific to that park unit.  The forest monitoring plots and monitoring protocols will be established in conjunction with each lakeshore to meet respective needs.  The protocols will be detailed in a handbook for lakeshore and possibly other park unit use.
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