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Restored and invaded dune systems in Northern California:  Are dune restoration projects successful at restoring community assemblages of terrestrial arthropods?
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Abstract


Extensive work has been done to restore the coastal foredunes of California in the past decade and a half.  Much of the work has involved mechanical removal of non-native vegetation.  The projects have been designed to restore habitat for threatened and endangered vertebrate and invertebrate taxa.  Also, much emphasis has been placed on the reestablishment of rare plant taxa.  However, little work has been done to examine the impact of these restoration projects on the terrestrial invertebrate assemblages, and none has been done to create a general census of restoration projects in the north coast dune region.  This project proposes to sample terrestrial arthropods at eight sites within state park, national park and national wildlife refuge lands for a general assessment of north coast foredune restoration in California.  Sampling techniques will include pitfall trap and sifting techniques.  The project will sample in restored and adjacent unrestored sites.  Reference data from uninvaded sites will also be used to determine the effectiveness of restoration projects in restoring terrestrial arthropod assemblages. 

Overview

Restoration Assessment


During the last two decades, restoration has become a major discipline within the study of Conservation Biology.  However, the procedures for developing and assessing restoration projects are still in the developmental stages.  The traditional indicators of conservation biology seem to have transferred to the assessment of restoration projects. Often, the taxa of concern are plants.  Sometimes, there is a focus on threatened and endangered animal taxa.  However, the use of arthropods has been limited, but is increasing (Kremen et al., 1993).  Monitoring of arthropod assembly dynamics might provide the most convincing evidence for success or failure of a project (Mattoni et al., 2000).  


Many small-scale studies have examined the impacts of restoration on vertebrate and invertebrate taxa (Burger et al., 2002; Caster, 2001; Lacabanne, 2000; Morgan, unpublished; Parmenter et al., 1991; Williams, 1993).  Few, if any, have developed large-scale studies to assess the general level of success for typical management strategies in taxa other than plants.   A general synthesis of the restoration projects within a region and using similar techniques is necessary for researchers to determine the results of the restoration projects and their techniques.

The use of terrestrial arthropods in restoration assessment


Arthropods function as predators, herbivores, parasitoids, and detritovores.  They serve as a food source for invertebrate and vertebrate taxa. Due to these facts, if the goal of restoration is to the functions of a system, then it is necessary to restore the arthropod assemblage.  This may be accomplished by two methods.  Restoration of plant communities may be sufficient for unaided recolonization by arthropods that represent the normal range of assemblages in similar systems.  Alternately, supplementation of arthropods may be necessary initially, or in sequential applications.

Ants have been used extensively in mine site restoration assessment in Australia (Majer, 1997).  The assessment of riparian corridor restoration has also involved the use of invertebrate taxa (Williams, 1993).  The invertebrates in this study were used to determine if the food source for a federally listed bird species had been restored.  Williams found that while trophic composition of reference and restored sites were similar, abundances and avian food supply appeared to be greater at the reference sites.  However, the percent composition of the total community represented by several orders did differ between treatments.


Several projects have looked at single site, or multiple site dune restorations on the coast of California (Burger et al., 2002; Caster, 2001; Lacabanne, 2000; Longcore, 2003; Mattoni et al., 2000; Morgan, unpublished.  Several of the projects have investigated the restoration of the coastal scrub portions of coastal dunes (Burger et al., 2002; Longcore, 2003).   The projects focusing on coastal dune habitat have generally found differences between restored and reference sites.  Reference sites typically had greater abundance, often with different arthropod assemblages compared to restored sites.  Rarely are restored and unrestored dunes compared (but see Longcore, 2003).  This project will attempt to assess a subset of all coastal foredune restoration projects in the northern coastal region of California.  This region extends from Point Conception north to the California/Oregon state line.  It is accepted that north and south of Point Conception represent two distinct dune bioregions.

Objectives


I propose to provide general information to regional managers about the success of the dune restoration techniques currently being used.  I will address whether the terrestrial arthropod assemblages of restored and unrestored coastal foredunes differ significantly.  I will divide organisms into trophic categories, and the composition of the assemblage will be based upon the proportion of organisms in each category.  I will also compare the assemblages of the invaded sites to uninvaded site assemblages, to determine if restored sites are progressively regaining their pre-disturbance attributes. I will create time series to detect any temporal trend of a site’s assemblage toward uninvaded site assemblages.  Finally, I will use the values developed for sites to determine whether restored sites more closely resemble target assemblages.



The specific hypotheses that I will examine are:

1. The terrestrial arthropod assemblages in restored and unrestored coastal foredunes do not differ significantly.

2. Terrestrial arthropod assemblages of restored coastal foredunes do not more closely resemble reference assemblages than unrestored sites.

3. Coastal foredune restoration projects do not restore native arthropod assemblages.

Methods

I have selected eight dune restoration sites along the coast of California, from the California/Oregon border (42º00’ North) to Point Conception (34°27’ North).  Point Conception is an accepted southern boundary for northern dune vegetation (Breckon and Barbour, 1974).  One site is located in a National Seashore (Point Reyes), another within a National Wildlife Refuge (Humboldt Bay), and the remaining six sites are within state park boundaries (Table 1).  Each site will have adjacent restored and unrestored dunes.  I will locate nearly undisturbed reference sites as available, and sample for reference information.  Specifically, within Point Reyes National Seashore, sites will be north and south of the mouth Abbott’s Lagoon.


I will generate 25 random points within Arcview 3.2, per treatment, and select the nearest plant in the field as the sampling point.  I will sample using pitfall trapping and sifting at each randomly selected points.  I will use 9cm wide by 11.5cm deep plastic containers, filled with ~2cm of ethylene glycol for pitfall traps.  I will construct a plastic cover for each trap consisting of one 15cm diameter plastic disc, supported by three nails with 3cm vinyl spacers and a washer to suspend the cover off the ground.  I will place one pitfall trap at each point, on the inland side of the plant.  I will use sifting techniques on the ocean side, to reduce interference by pitfall traps.  I will conduct sifting by extracting 10 scoops of sand from beneath the plant canopy (or nearest possible location to plant), using a plastic scoop, and sifting the sand through a wire mesh screen with square 1.2mm openings (adapted from aluminum window screen).


I will conduct sampling for one day at each site in mid-summer (July) and mid-winter (December).  I will insert pitfall traps in the morning, and collect the following morning.  Since I will only conduct sampling twice a year, traps will not be left in place, but will be removed when the sample is collected. I will identify organisms to lowest taxon possible with identification guides.  I will then sort them to morphospecies, and send them to experts for identification to lowest possible taxon.  I will use natural history data to label organisms with a trophic category.


I will use correspondence analysis to determine if treatments can be grouped based on trophic assemblages.  I will use principle coordinate analysis to assess the success of the restoration of terrestrial arthropods, using reference data (from undisturbed dunes).  The proximity of site values within a coordinate plane to the projected goal will determine whether sites are within an acceptable range of variation, and if, through time, the sites show a trend of progression toward the target assemblage (Bloom, 1980).

Timeline:

June 2004: Collect preliminary data from Humboldt Lagoons State Park, MacKerricher State Park and Morro Strand State Beach.

July 2004:  Collect samples from all sites.

December 2004:  Collect samples from all sites.

June 2004-April 2005:  Analyze samples in the lab, and send organisms for more detailed identification by experts.

June 2005:  Have all samples submitted to the San Francisco State University Entomological Museum

October 2005:  Have final version of thesis complete and individual data files sent to all regional managers, including a Geographic Information Systems layer with sample site data and metadata.

Summer 2006:  Submit final draft to peer-reviewed journal for publication

Products


Upon completion of this study, I will provide natural resource managers of multiple regions with information pertaining to the species composition of restored and unrestored foredune systems.  I will provide project coordinators with additional information for assessing success of their individual projects, and the overall success of dune restoration on the northern coast of California.  Since dune restoration techniques are very similar for most projects, I will provide information as to whether the general principles applied to coastal foredune restoration are sufficient to restore the terrestrial arthropod assemblages, which are necessary for proper ecosystem functioning.  I will provide information that will be beneficial to studies examining the influence of restoration of coastal foredune systems on other taxa; having comparative and explanatory values. 


My main goal is to provide information on whether restoration techniques currently used by managers are sufficient for the restoration of terrestrial arthropods.  It is often assumed that the restoration of native plant communities will ultimately lead to the restoration of invertebrate communities.  Dispersal and other limitations may require further input into these systems to restore the ecosystem’s proper functioning.  If limitations do exist, small alterations in current restoration techniques may be able to accommodate the reestablishment of arthropod assemblages, without significant increases of cost or time.
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TABLE 1: Sites (In latitudinal order North-South)

	Name
	Ownership
	Dates
	Size
	Planted/No
	Notes/contact

	Humboldt Lagoon
	State Parks
	
	
	
	Harris/Forys

	HBNWR L.C.
	TNC
	92-97
	50
	no
	Andrea Pickart

	10-mile
	State Parks
	
	
	
	Renee Pasquinelli/ Maslach

	PORE
	NPS
	2001
	20
	
	Adams, Cooper

	Sunset SB
	State Parks
	
	
	
	Hyland

	Asilomar
	State Parks
	
	
	
	Moss/Madison

	Morro Strand
	State Parks
	
	
	no
	Walgren

	Oceano Dunes SVRA
	State Parks
	
	
	
	Gardner, L.


