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Introduction

The use of assemblages of terrestrial arthropods as ecological indicators is particularly appropriate for evaluating and monitoring habitat reconstruction projects and managed ecosystems (Louda, 1988; Hutcheson, 1990).  Several characteristics contribute to the value of terrestrial arthropods as indicators of habitat quality (Wilson 1987, Andersen 1990, Collins & Thomas 1991, Kremen et al. 1993, Williams 1993, Kremen 1994, Simmonds et al. 1994). Insects and their allies represent the greatest morphological and functional diversity in the animal kingdom, playing essential roles as herbivores, pollinators, detritivores, mutualists, predators, parasites, and prey for reptiles, birds, and mammals (Wilson 1987, Samways 1994, Handel 1997).  Additionally, the short generation times of many taxa can drive dramatic population fluctuations that provide a biological "early warning" of changes in habitat quality and/or ecosystem processes (Wolda 1978, Southwood et al 1979, Brown & Southwood 1983, Andersen 1990, Williams 1993a). Also, because their population densities are usually extremely high relative to vertebrates, terrestrial arthropods usually can be sampled repeatedly without altering population dynamics (Southwood et al. 1979, Erwin & Scott 1980, Kremen et al. 1993, Williams 1993). 

Assemblages of arthropod taxa may be selected and monitored as indicators of functional groups that both reflect and influence ecosystem processes (Noss, 1990; Chapin et al. 1992).  Functional groups should be chosen to represent the following major trophic guilds: pollinators, herbivores, predators, parasites, and detritivores (Moran and Southwood, 1982; Southwood et al., 1982; Stork, 1987).  To test the assumption that new habitat is subsequently colonized by appropriate native animals, arthropod assemblages at restored riparian sites may be compared to those of nearby, relatively "natural" reference sites.  Such comparisons also provide a means of evaluating the degree to which restored riparian systems have re-established or maintained processes that allow natural system function.

Although examining the abundance and diversity of arthropod communities may provide useful broad-scale information about habitat qualities, that may not be an accurate way to assess food resources for particular species of endangered birds.  For such applications, additional sampling methods are necessary.  For example, to assess relative abundance of food for selected foliage gleaning birds in riparian habitats, a subset of large and small insects considered valuable prey for particular species of interest may be identified (Miner, 1989) and their relative abundances compared at the two sites during months when the birds nest (Williams 1997).

Although it is not possible to perform replicated experiments at the landscape level of habitat restoration, years of research have shown that the systematic quantification of riparian arthropod assemblages may provide highly useful information about performance and management of restoration projects.  The analysis of relative abundances of specific assemblages of taxa that represent ecosystem processes, such as herbivores and prey, at restored and reference sites may provide an objective, scientific basis for choosing among management alternatives. 


Methods 

Arthropod population densities vary naturally, both within and among years (Wolda 1988). To distinguish such inherent variability from site-specific effects, arthropod assemblages at restoration sites should be compared to assemblages occurring at relatively natural reference sites by sampling according to the same schedule and using the same methods.  Reference sites selected as close as possible to restoration sites minimize population variations due to climate or other factors that vary geographically in a systematic manner.

Monitoring of terrestrial arthropods should include insects, spiders, and isopods, collected on the following annual schedule: every 4‑6 weeks during spring and summer (when bird foraging and arthropod activities are greatest), and once each autumn and winter.  Arthropods are collected using two standard techniques: sweep netting and pan trapping.

Sweep samples

Sweep netting collects resident external foliage feeders and other arthropods associated with plants, such as pollinators, predators or parasites (Southwood 1978).  Many of the taxa collected are prey of birds that feed by gleaning prey from foliage.

To estimate relative densities of arthropods, about 10 sweep sampling areas of about 50 m x 50 m should be chosen haphazardly at both the restoration and reference sites.  At least three different patches of vegetation are swept in each 50 m x 50 m sample area, to avoid resampling areas where arthropods may have been disturbed.  Patches of vegetation are chosen arbitrarily, but should be structurally representative of others found at the sites.

Samples are obtained by sweeping a 39 cm insect sweep net through foliage of different riparian vegetation types, such as willow (Salix spp.), or annual and perennial herbaceous vegetation (Baird, 1989).  At each location, foliage of each vegetation type is swept a total of 25 times.  Up to five sweeps per plant are taken through at least three different plants at a height of 0‑3 m, in order to prevent immediately resampling any part of a plant.  Arthropods collected are returned to the laboratory, sorted from plant material, identified, and preserved in 70 percent ethanol. 

Pan samples

Flying and crawling arthropods are sampled using yellow pan traps containing polyethylene glycol (Southwood, 1978).  This technique catches crawling arthropods that fall into traps, such as detritivores that live on or near soil surfaces and in litter, flying insects that are attracted to yellow color such as Diptera and Hymenoptera, and arthropods that drop off foliage above traps.  Pans are 22.5 x 32.5 cm by 5 cm deep.  About 20-25 traps are placed in a regular arrangement at both the Restoration and Reference sites.  Shallow depressions are made in the soil to maintain trap edges level with the substrate.  Traps are put in place between 900 and 1200 hours and removed 24 h later.  Captured arthropods are strained from the ethylene glycol, identified, and preserved in 70 percent ethanol

Identification and assemblages

Arthropods are identified to taxonomic order or family (Essig, 1958; Borror and White, 1970; Borror and DeLong, 1971; Powell and Hogue, 1979; Gillott, 1980; Davies, 1988) and individuals ranked by size, i.e., "small" (< 1 cm long) and "large" (> 1 cm long).  This provides two classes that generally separate large‑bodied (high biomass) species from small species.  The number of individuals of each order and size, per sample, are recorded.

For analyses of functional groups, collected arthropods are segregated, by order or family, into five functional categories: 1) pollinators, 2) herbivores, 3) predators, 4) parasites, and 5) detritivores.  Insects that serve as indicators of pollinator abundances include Lepidoptera and large Hymenoptera (including Apoidea and Vespoidea).  Insect taxa serving to indicate relative abundances of herbivores include Lepidoptera, Homoptera, and small Heteroptera, including Miridae (plant bugs) and Pentatomidae (stink bugs), collected off vegetation.  A useful indicator assemblage for predators includes Araneae and Coleoptera: Coccinellidae (lady beetles) and large Heteroptera (including Reduviidae).  Parasite indicator assemblage is composed of small Hymenoptera (excluding Formicidae (ants) but including Ichneumonoidea and Chalcidoidea), and Diptera (including Tachinidae, Sarcophagidae, Tabanidae, Calliphoridae and Culicidae), collected primarily in pan traps.  Detritivore assemblages are represented by insects that frequently feed on dead or decaying plant or animal tissue: Hymenoptera: Formicidae, Collembola (springtails), Psocoptera (barklice), and Isopoda (sowbugs) collected in pan traps.

Data Analysis
Quantitative community data of the type generated by the above methods are amenable to a variety of powerful statistical analyses to address a corresponding variety of ecological questions.  Mean numbers of individuals per sample (i.e., sweep or pan), may be statistically compared between sites, within dates, using one‑way analyses of variance.  Mean arthropod abundances from different vegetation types may be compared using Fisher's Protected Least Significant Difference comparisons.  Multivariate techniques may provide useful information on habitat distributions of species or assemblages.
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