Development of monitoring protocols to assess impacts of European earthworm invasions 
Prepared by: Dr. George Host, The Natural Resources Research Institute – Center for Water and the Environment, University of Minnesota Duluth, 5013 Miller Trunk Highway, Duluth  MN  55811

Parks involved: Voyageurs National Park, Pictured Rocks National Lakeshore
Start date: September 1, 2003
End date: December 31, 2004
Cost: FY04 total = $64,597
Problem Statement:
European earthworms (Lumbricidae) are invading previously worm-free hardwood forests of the Great Lakes region (Reynolds et al. 2002, Mortensen and Mortensen 1998, James 1995, Alban and Berry 1994). In sugar maple (Acer saccharum) dominated forests of northern Minnesota, earthworms have been shown to cause dramatic changes in soil physical and chemical properties and declines in the diversity and abundance of many native understory plant species (Hale 2004, Gundale 2002, Burtelow et al. 1998, Nielsen and Hole 1964). Therefore, concerns have been raised about the potential for widespread loss of native forest plant species and the stability of hardwood-forest ecosystems in the Great Lakes region. 

Susceptibility to invasion by earthworms and the magnitude of resulting impacts to native understory plant communities are expected to be ecosystem specific (Vitousek 1990). Forest cover types vary in the nutritional quality and quantity of litter they produce and the soil types on which they typically occur (McClaugherty et al. 1985). Different earthworm species have different feeding preferences and habitat tolerances (Edwards 1998). Therefore, each forest cover type would be expected to support earthworm populations of different sizes and species composition. The magnitude and nature of the impacts to any given forest cover type is expected to be related to the unique earthworm population supported and subsequent changes in the forest floor structure and function that result (Bohlen et al. in review, Proulx 2003, Lavelle 1997, Schue 1987). For example, in sugar maple dominated forests, the presence of large amounts of highly digestible and palatable litter on generally well-drained, loamy soils is ideal for the development of large and diverse earthworm populations (Wolters 1999, Hale 2004), which sets the stage for large impacts. However, oak and beech dominated forests produce large amounts of less palatable litter and often grow on sandy-dry soils. Hemlock-hardwood forests often grow on more productive soils but produce a range of litter types from very palatable to quite unpalatable. Pictured Rocks National Lakeshore and Voyageurs National Park contain large areas with forest cover types of particular interest and concern including Maple-Hemlock, Maple-Beech and Aspen-Birch-Fir. No information currently exists on the distribution of earthworm species in these, or most other, Great Lakes National Parks. An assessment of the relative threat posed to these different forest cover types by earthworm invasion is needed so that managers of Great Lakes National Parks can effectively direct monitoring efforts and future management decisions (Hendrix and Bohlen 2002). 
The natural spread of established earthworm populations is relatively slow, 5-10 meters per year (Hale 2004, Dymond et al. 1997, Marinissen and Van den Bosch 1992) which translates to ~200 years for 1 kilometer of earthworm spread. The greatest threat to worm-free areas is the continuing establishment of new inoculation points. Education, management and land use efforts to protect worm-free areas will be most effective if they focus on preventing new introductions within the bounds of ecological preserves even if earthworms exist in close proximity or in limited locations within the preserve. Therefore, an assessment of how earthworms are distributed in relation to particular landscape features (i.e., boat landings, roads, campgrounds, visitor center) will be important to direct monitoring, and education efforts within the parks (Holdsworth et al., in prep.). 
In Pictured Rocks National Lakeshore and Voyageurs National Park, we will conduct earthworm and understory vegetation surveys in a range of forest stands across each park. We will document the distributions, species assemblages and relative abundance of earthworm populations in each selected forest cover type in relation to their proximity to landscape features with high probability of being associated with incipient earthworm invasions (i.e., campgrounds, boat landings, roads, visitor center). We will also document diversity, total cover and species composition of understory plant communities in each forest cover type in relation to earthworm population assemblages. The sampling strategy in each park will be designed to provide quantitative data which will be used to develop monitoring plans and protocols for future monitoring efforts. We will also provide any necessary training for park staff  to conduct earthworm sampling and identification. Study results will have applicability for forest research, conservation and management efforts in National Parks across the Great Lakes region. 

Goals and Objectives:
1. Document the relative abundance and species composition of earthworm populations of Beech-Maple forests in Pictured Rocks National Lakeshore and Spruce-Fir-Aspen forests in Voyageurs National Park.

2. Determine the distribution of earthworm assemblages in the selected forest cover types in relation to key landscape features (i.e., campgrounds, roads, boat landings, visitor center, etc.) 

3. Document changes in forest floor and upper soil horizons resulting from earthworm populations in the selected forest cover types.

4. Document changes in understory plant communities in relationship to earthworm populations in the selected forest cover types.

Approach and Methods:
Stand Selection and Sampling Strategy
In consultation with park resource managers, two forest cover types were identified for inclusion in this study. In Pictured Rocks, the Beech-Maple forest type is was selected because it is well represented in the park and is an ecologically important and geographically widespread forest type in the Great Lakes region. In Voyageurs, the Spruce-Fir-Aspen forest type was selected because it is an important and widespread boreal forest cover type in the region that is well represented in the park. A minimum of 20 stands in each park will be included in the study. Forest stands will be selected using GIS analysis of existing data on forest cover, soils, water ways and landscape features along with aerial photos and preliminary walk throughs as needed to ensure relatively uniform and continuous closed canopy conditions within each stand. Study sites will be stratified spatially in relations to key landscape features that have a high probability of being introduction points for exotic earthworms (i.e., boat landings, campgrounds, old resorts, roads and other high use areas). Forest stands less than 500 meters from probable earthworm introduction points are expected to contain established exotic earthworm populations, while forest stands greater than 500 meters from probably introduction points are expected to be relatively worm-free. In each park, ten stands will be located less than 500 meters from probable earthworm introduction points and ten stands will be located greater than 500 meters from a probable introduction points. Preliminary walk through will also be conducted to ensure that we our assumptions about potential earthworm distribution patterns used in site selection were accurate.  A range of available environmental information (i.e., deer and/or moose density, historic land-use, disturbance history, ecological landform, soil type, slope, distance to lakeshore, distance to previously described landscape features, etc.) will be assembled for all stands included in the study for inclusion in subsequent analysis.
Surveys of forest plant communities will be conducted over a three week period in each park. When possible, earthworm sampling will be conducted at the same time as the vegetation surveys, but if soil moisture conditions are to low to get accurate earthworm surveys then a second sampling period in the fall will be conducted for earthworms. Study sites in Pictured Rocks will be surveyed beginning in mid-June and sites in Voyageurs will be surveyed beginning in early to mid-July. If fall sampling of earthworm populations is required, these will be conducted in late fall once soil moisture conditions have recovered from typical mid summer dryness (August-September).
Forest plant community surveys

A minimum of three 10 x 10 m plots will be randomly located within each stand a minimum of 50 meters from each other, the forest edge and using criteria to avoid inclusions (i.e., wetlands, etc.). Species area curve analysis of previous work in sugar maple dominated forests with earthworm invasions indicated that a minimum sample area of 53 m2 was required to accurately capture the understory plant community species assemblages in each stand (Hale 2004). Additionally, large plots (>100 m2) have been shown to more accurately represent stand level cover values for understory plant communities than small plots (<100 m2) (Gauche 1982). Therefore, 10 x 10 m plots will be used to assess plant diversity and species assemblages at each randomly placed sample point. This sampling strategy is also widely used in natural heritage survey data collection throughout the Great Lakes region making data from this study easily comparable to existing databases (Almendinger 1988). In each plot the understory vascular plant community will be surveyed including all herbaceous and graminoid plants, shrubs, tree seedlings and saplings < 2 cm diameter. Surveys will include visual estimates of percent cover of all plant species and stem counts for woody species identified. Additionally, at each sample point the basal area and size class distribution for each overstory tree species will be determined using a variable radius plot (wedge prism). 
Earthworm population surveys
Earthworm population surveys will be conducted in each stand to determine total biomass (grams of ash-free dry weight/m2) for each species present. A combination of liquid extraction and midden counts will be used (Lawrence and Bowers 2002, Bouche and Gardner 1984). Three 0.12 m2 (35 cm x 35 cm) plots will be randomly established within the 10 x 10 m vegetation plot. In each plot, midden counts will be conducted first and then followed by liquid extraction.

Midden counts are a reliable quantitative estimate of the only anecic species seen in this region, L. terrestris, which are sometimes difficult to assess using the other sampling methods (Edwards 1998). Since L. terrestris middens are visually distinctive and each burrow is generally occupied by only one individual, midden counts entail counting the number of night crawler (L. terrestris) middens present within the sample area. The liquid extraction solution used will be 40 g of ground yellow mustard to 4 l of water, which has proven to be a reliable method for determining relative abundance for both surface dwelling (epigeic) and soil dwelling (endogeic) species of earthworms (Hale 2004).
Earthworm sampling will be conducted during late August-September when soil moisture has increased from the normal mid-summer dry period and earthworms are more active. Also, a larger proportion of earthworms have reached sexual maturity by late summer which simplifies their identification. All earthworms collected will be killed in 70% isopropyl alcohol and preserved in 10% formalin for identification in the laboratory. Schwert (1990) and Reynolds (1977) will be used for earthworm species identification. Allometric models estimating earthworm biomass (ash-free dry biomass) from the measured length of collected specimens (Hale et al. 2004) will be used to estimate earthworm biomass for the study. For earthworm species collected for which an allometric equation does not exist, ash-free dry biomass will be measured directly and that data used to develop a new allometric equation for that species. Similarly, verification of the length to ash-free-dry weight relationships for species for which allometric equations exist will be conducted using worms collected in this study. Selected earthworms collected will be preserved as species voucher specimens and archived at The Natural Resources Research Institute. All other specimens will be destroyed in analysis. 

Forest floor and upper soil horizon surveys

The presence and depth of the forest floor (Olitter and Ohumus horizons) and upper soil horizons (A and E horizons) will be measured by extracting of nine 6 cm diameter soil cores randomly placed within the 10 x 10 m vegetation plot. The presence and thickness of each horizon will be recorded. Soil pH will be measured and soil samples may be preserved for related analysis as desired by park staff
Analytical Strategy


Independent analyses will be conducted within each forest cover type to test for significant differences between stands in earthworm populations, forest floor and upper soil horizon parameters and the diversity, abundance and composition of the understory plant communities. For each forest cover type, regression and analysis of variance methods will be used to describe:

· the changes in forest floor and upper soil horizons in relation to earthworm biomass.

· the changes in understory plant species diversity and percent cover in relation to earthworm biomass.

· the relationship of distance to aforementioned key landscape features, environmental variables and earthworm biomass.

Additionally, multivariate methods including a variety of ordination and gradient analysis methods will be used to describe:

· species composition of earthworm populations supported in each forest cover type.

· changes in forest floor and upper soil horizon parameters in relation to specific earthworm population assemblages.
· changes in the composition of understory plant communities in response to specific earthworm population assemblages.

· changes in earthworm species assemblages in relation to proximity to key landscape features and environmental variables.

Development of monitoring protocols

This study will provide a picture of the extent, intensity and level of impact of exotic earthworms to forest understory plant communities in relation to key landscape features and environmental variables. In cooperation with park resource managers, this picture will be used to develop a strategy for establishing monitoring programs within each park. A monitoring program will likely have two components. One component will be to monitor the establishment and advance of earthworm populations relative to landscape features that are determined to be highly correlated with earthworm invasions. The second component will be to monitor impacts of these invasions in cover types that are identified as being vulnerable to large impacts following earthworm invasion. 

The results of this study will help identify the landscape features which are strongly related to the presence of earthworm invasions and specific earthworm species. Additionally, the spatial distribution of existing advancing leading edges of earthworm invasion documented in this study will help to determine the distribution and locations of future monitoring efforts relative to earthworm populations.  Depending on the level of impact documented in a forest cover type, the number and distribution of stands to include in a monitoring program will be determined, directed by the level of site to site variability in each cover type and the relationship of that variability to key landscape features. The intensity of sampling at the stand level for earthworm and understory plant communities will be directed by the level of within stand variability documented in each cover type relative to earthworm status. This combination will lead to the development of effective and efficient monitor programs by directing limited resources to areas where they are most needed.
Research Schedule:
The project will run for 17 months beginning September 1, 2003 and ending December 31, 2004. Each park will be visited between June-August 2004 for understory plant surveys and in late August-September 2004 for earthworm and soil surveys. Cindy Hale, research associate at NRRI, will conduct preliminary site selection work in cooperation with park resource managers. She will also coordinate, train and supervise the field crew and be responsible for earthworm identification and final report preparation. Summer field crews will work five 8-hour days between June 1 and September 30, 2004.
September 2003 - March 2004

· Compilation of cover type and landscape features data layers for each park
· Selection of forest cover types to be included in each park
· Preliminary study site selection

April – May 2004




· Final site selection and determination of sampling protocols 
· Coordination of logistics with park resource managers

· Hiring and training of field assistants

June – August 2004



· Field sampling of understory plant communities, forest floor and upper soil horizons in all study sites 
· Identification of all unknown plants and any earthworm collected. 
August-September 2004

· Field sampling of earthworm populations as needed 
· Earthworm identifications as needed
October 2004





· Data entry, proofing and preliminary analysis

November – December 2004


· Final data analysis and report preparation

· Submission of peer reviewed final report 

Budget:
	CESU proposal budget
	
	

	
	
	

	Travel:
	
	

	
	Amount
	Description (all mileage billed at .36/mile)

	
	$1,836.00
	mileage ($.36/mile => 4 trips @ 350 for Voyageurs, 4 trips @ 800 for Pictured 

Rocks, plus an additional 500 misc. miles )

	
	$2,400.00
	meals, incidentals (16 weeks in the field @ $10/day for 3 people)

	
	$1,800.00
	lodging (10 days of hotel a month, @$45 a night, for 4 months in the field)

	
	
	

	
	
	

	Personnel:
	
	

	
	Amount
	Description

	
	$774.00
	George Host (1% effort)

	
	$246.13
	George Host fringe (31.8%)

	
	$28,800.00
	Cindy Hale 80% post-doc appointment ($36,000/year = 100%)

	
	$5,472.00
	Cindy Hale post-doc fringe (19.0%)

	
	$11,520.00
	2 - field assistants ($9/hr *40hrs/week for 16 weeks)

	
	$1,152.00
	2 - field assistants fringe (10%)

	
	
	

	
	
	

	Supplies:
	
	

	
	Amount
	Description

	
	$700.00
	vial cabinet 

	
	$400.00
	10 vial drawers 

	
	$150.00
	60 vial trays 

	
	$333.33
	1000 vials - glass specimen vials w/ Polyseal caps 

	
	$25.00
	label paper with "resistall" 

	
	$40.00
	ethyl alcohol 95% denatured 

	
	$23.00
	formalin 

	
	$100.00
	misc supplies

	
	$200.00
	misc. veg. survey supplies

	
	$150.00
	mustard for 1000 samples, 50 lbs. (for making liquid extractant to sample 

worms)

	
	$50.00
	isopropyl, 4 liters (for field killing specimens)

	 
	 
	

	total program costs:
	$56,171.46
	

	total indirect costs (15%):
	$8,425.72
	

	total costs:
	$64,597.18
	


Products and deliverables:
· Final report conforming to the format of the journal Ecology
· Database (approved by the Great Lakes Network) of all field data collected

· GIS point file of all sample points and plots

· Monitoring program recommendation and protocols

· As applicable, results will be submitted to scientific journals for publication

· 4 hard copies and one electronic copy of the final report, and 4 electronic copies of the database and GIS files will be submitted to the Great Lakes Network Coordinator
Principle investigators:

George Host, The Natural Resources Research Institute – Center for Water and the Environment, University of Minnesota Duluth, Duluth MN

Chris Holbeck, Voyageurs National Park Resource Specialist and Jerry Belant, Pictured Rocks National Lakeshore Supervisory Biologist, will serve as co-principle investigators.
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