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Foreword 

Primary objectives of the National Park Service Natural Resource Management Program are to manage the 
natural resources to maintain, restore, and perpetuate the inherent integrity of ecosystems and their 
component habitats and community assemblages. Arthropods represent a fundamental component of these 
ecosystems, comprising the majority of the biological diversity and are essential to processes of nutrient 
cycling, decomposition, predation, herbivory, parasitism, and pollination. Knowledge of arthropod 
diversity, abundance and distribution can provide extremely useful information in the evaluation of 
environmental perturbations and biological integrity. Arthropods are ideal study organisms because of 
their short generation times and rapid population growth. These characteristics make them ideal as early-
warning indicators of environmental change and for monitoring recovery at disturbed sites. The vast 
diversity of species offers the opportunity to integrate a number of sensitive indicator species into 
environmental assessments. 

This report represents last of a series of five technical reports on our efforts to document arthropod 
occurrence, abundance, and habitat associations in the Big Beaver Creek Research Natural Area of North 
Cascades National Park Complex (NOCA), located in northwestern Washington. The first four reports 
document occurrence, life history information, and information concerning taxonomy of species from four 
major arthropod groups including the Heteroptera (Hemiptera), Coleoptera, Arachnida (Araneae), and 
Hymenoptera (Formicidae). Individuals from these groups largely represent ground dwelling taxa and 
accounted for over 70% of the total of all specimens collected by pitfall traps in the study area. 

This final report utilizes concepts from statistical and community ecology to classify habitats based on their 
arthropod assemblages, to describe structural and functional characteristics of these assemblages, and to 
identify environmental factors that influence the structure of these assemblages. This report also provides 
information and recommendations for development of future arthropod monitoring programs in the park. 

There is much left to be learned from the samples collected during 1995 and 1996 in the study area 
Specimens from several other groups of arthropods still require identification. Among these groups, the 
Diptera are the most numerous making up greater than 20% of all individuals collected. Working and 
reference collections will be maintained at the North Cascades National Park Service Research Station in 
Newhalem, Washington. Efforts will be made in the future to seek assistance in documenting the various 
species found in the remaining collection. 

Funding support for this initial effort to document arthropod communities in the park was provided by the 
Skagit Environmental Endowment Commission. This project could also not have been done without the 
gracious support of John D. Lattin, Professor of Entomology, Oregon State University. Administrative 
support for transfer of funds to OSU from the park was provided by the Forest and Rangeland Ecosystem 
Science Center, Biological Resources Division, USGS, Corvallis, Oregon. This report series satisfies the 
conditions of Subagreement No. 31 between the Biological Resources Division and OSU. 

Reed S. Glesne 
Natural Resource Research, 
Inventory, and Monitoring Branch 
North Cascades NPS Complex 
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Abstract 

Ground-dwelling arthropod communities of nine riparian habitat types were sampled 
within the Big Beaver Creek Research Natural Area, North Cascades National Park 
Service Complex, during the snow-free seasons of 1995 and 1996. This study is part of a 
comprehensive program to develop protocols for the assessment of biological diversity 
and integrity in the Park Complex. Specific objectives were to characterize arthropod 
community assemblages, identify environmental factors that influence community 
assemblage structure, and to provide basic information useful in the design and 
implementation of future monitoring programs. Results in this report are derived from 
pitfall traps, randomly placed among 9 selected habitats sampled during four monthly 
periods (June- October) during 1995. Five of these habitats were re-sampled during the 
same periods in 1996. Nearly 16,000 adult arthropods representing 448 species of 
beetles, spiders, ants, and true bugs were captured from 529 pitfall trap samples over the 
two years of the study. Species accumulation curves, combining two years of sample 
effort, did not reach asymptotes for most habitats. Accumulation curves using several 
species richness estimators also indicated that the true species richness remains unknown. 
Comparisons of species richness estimators at a standard level of effort revealed that the 
greatest richness was found in willow/carex swamp habitat. Alder swamp habitat 
consistently exhibited the highest diversity in a comparison of values from three diversity 
indices. Two-Way Indicator Species Analysis (TWINSPAN) classification of sites by 
species reduced the original 9 habitats, sampled in 1995, into 6 groups. Separation of 
habitats into the various groups was based largely upon the distributions of 10 species. 
TWINSPAN analysis was also completed for the 5 re-sampled habitats, using combined 
data from 1995 and 1996, resulted in similar groupings of habitats and similar indicator 
species. Non-metric Multidimensional Scaling (NMDS) ordinations of arthropod data 
also produced distinct habitat groupings consistent with TWINSPAN results. NMDS 
analysis revealed a strong gradient in percent canopy cover along Axis 1, and weaker 
gradients with soil moisture, coarse woody debris, and percent herbaceous plant cover 
along Axes 1 and 2. Gravel bars were a very distinct group separated from all the other 
groups along Axis 2. TWINSPAN analysis also showed strong separation of gravel bars 
from other habitats. Using the Indicator Value index (IV) (Dufrene and Legendre 1997), 
36 potential indicator species were recognized for the 6 TWINSPAN habitat groups. 
TWINSPAN only identified 10 indicator species, and some site groups were only defined 
by the absence of a particular indicator. Recommendations for design and 
implementation of future structured inventory and monitoring programs using arthropods 
are discussed. 

n 



Acknowledgments 

Our sincere appreciation is extended to Dr. John D. Lattin, Oregon State University, for 
his tremendous support and guidance throughout the duration of this project. In addition 
to his support for this study, he provided the inspiration and the technical direction that 
initiated our overall efforts to include terrestrial arthropods as a component of inventory 
and monitoring at the North Cascades National Park Complex. 

Our sincere thanks are extended to Dr. Patrick Sugg, Seattle, WA, Dr. David R. Smith, 
Systematic Entomology Laboratory, Smithsonian Institute, Washington, D.C, and Dr. 
Juraj Halaj, Pacific Analytics, Albany, Oregon for their assistance with the identification 
of arthropod specimens. We are also very much indebted to Ron Holmes who served as 
the field project supervisor, assisted in writing the description of study area and methods 
sections, reviewed the final manuscript, and made many other contributions to this 
project; Brenda Cunningham who assisted with field data collection, provided oversight 
for all laboratory operations and management of collections, and for her cover 
illustration; Sherry Bottoms and Kathleen McEvoy who labored in the field and 
laboratory to make this report possible. Their enthusiasm, dedication, and skill is greatly 
appreciated. 

We also extend our appreciation to members of the Skagit Environmental Endowment 
Commission and to Margie Allen, North Cascades National Park Service Complex, for 
their support and assistance in the funding of this project. 

iii 



Table of Contents 

Foreword i 

Abstract ii 

Acknowledgments iii 

Table of Contents iv 

List of Tables v 

List of Figures vii 

Introduction 1 

Study Area 2 

Methods 4 
Sampling Design, Sample Collection and Processing 4 
Data Analysis 7 

Results 12 
Soil and Site Attributes 12 
Arthropod Sample Summary Statistics 18 
Species Richness 21 
Diversity 28 
Classification and Ordination 32 
Soil Attributes of TWINSPAN Groups 39 
Site Attributes of TWINSPAN Groups 43 
Site Attribute Correlations and Ordination Biplots 43 
Arthropod Sampling Summary Statistics by TWINSPAN Groups 47 
Indicator Species Analysis 47 

Discussion 51 
Abundance, Species Richness and Diversity 51 
Classification and Ordination 52 
Indicator Species Analysis 57 
Inventory and Monitoring Considerations 58 

Summary and Conclusions 62 

Literature Cited 64 

Appendix 73 

iv 



List of Tables 

Table 1. Summary of soil and site attribute characteristics by habitat type at arthropod 
pitfall trap sites, Big Beaver Creek Research Natural Area, North Cascades National 
Park Service Complex, Washington, 1995 13 

Table 2. Herbaceous layer plant species summary by habitat type at arthropod pitfall trap 
sites, Big Beaver Creek Research Natural Area, North Cascades National Park Service 
Complex, Washington, 1995 14 

Table 3. Shrub plant species summary by habitat type at arthropod pitfall trap sites, Big 
Beaver Creek Research Natural Area, North Cascades National Park Service Complex, 
Washington, 1995 15 

Table 4. Tree plant species summary by habitat type at arthropod pitfall trap sites, Big 
Beaver Creek Research Natural Area, North Cascades National Park Service Complex, 
Washington, 1995 16 

Table 5. Number of species and adult individuals collected in pitfall traps, during four 
sampling periods, for the months of June through September, 1995 (all 9 habitats), 1995 
(subset of 5 habitats), 1996 (subset of 5 habitats), and during 8 sampling periods for the 
months of June through September for 1995 and 1996 combined (subset of 5 habitats), 
and 1995-1996 (all samples combined) 19 

Table 6. Sampling Summary Statistics. Data from all taxa collected during 4 sampling 
periods, June through September, 1995, by habitat type 20 

Table 7. Sampling Summary Statistics. Data from all taxa collected during 8 sampling 
periods, June through September, 1995 and 1996, by habitat type 20 

Table 8. Comparison of species richness estimators with observed richness for 5 habitats 
sampled over 8 periods during 1995 and 1996. All values represent means from 100 
randomizations of sample order, where sample size was fixed at 72 samples for each 
habitat 28 

Table 9. TWINSPAN Group Soil Attributes. The percentage of group sampling sites, by 
1995 TWINSPAN ordination groups, classified into soil moisture and soil type attribute 
classes 42 

Table 10. TWINSPAN Average Site Attributes. Group means and standard deviations 
of site attributes measured on group sampling sites, by 1995 TWINSPAN ordination 
group 44 

v 



Table 11. Spearman Rank Correlations between site attributes, and between site 
attributes and NMDS axes scores from ordination of Big Beaver Creek RNA, NOCA, 
1995 45 

Table 12. Sampling Summary Statistics for TWINSPAN Groups. Sampling summary 
statistics of all taxa by 1995 TWINSPAN Groups 47 

Table 13. Indicator values (IV), %relative abundance (RA), and %relative frequency 
(RF) of Big Beaver Creek riparian arthropods collected from pitfall traps during 1995 by 
TWINSPAN habitat groups 48 

vi 



List of Figures 

Figure 1. Location of Big Beaver Creek study area in North Cascades National Park 
Service Complex, Washington 3 

Figure 2. Arthropod pitfall trap locations, Big Beaver Creek, North Cascades National 
Park Service Complex, Washington, 1995-1996 5 

Figure 3. Species accumulation curves. Mean values of observed species richness at 
each sample increment for 100 randomizations of sample order. Results are represented 
for 9 habitats sampled over 4 monthly periods during June through September, 
1995 22 

Figure 4. Species accumulation curves. Mean values of observed species richness at each 
sample increment for 100 randomizations of sample order. Results are represented for 5 
habitats over 8 sample periods, 4 monthly sampling dates during June through 
September, 1995 and over the same period during 1996 24 

Figure 5. Mean values of the Chao 1 species richness estimator at each sample increment 
for 100 randomizations of sample order. Results are represented for 5 habitats over 8 
sample periods, 4 monthly sampling dates during June through September, 1995 and over 
the same period during 1996 25 

Figure 6. Mean values of the Chao 2 species richness estimator at each sample increment 
for 100 randomizations of sample order. Results are represented for 5 habitats over 8 
sample periods, 4 monthly sampling dates during June through September, 1995 and over 
the same period during 1996 26 

Figure 7. Mean values of the Jackknifel species richness estimator at each sample 
increment for 100 randomizations of sample order. Results are represented for 5 habitats 
over 8 sample periods, 4 monthly sampling dates during June through September, 1995 
and over the same period during 1996 27 

Figure 8. Mean % singleton values at each sample increment for 100 randomizations of 
sample order. Results are represented for 5 habitats over 8 sample periods, 4 monthly 
sampling dates during June through September, 1995 and over the same period during 
1996 29 

Figure 9. Average Shannon Index of diversity values calculated from 100 
randomizations of sample order at each sample increment. Results are represented for 5 
habitats over 8 sample periods, 4 monthly sampling dates during June through September 
1995 and over the same period during 1996 30 

vn 



Figure 10. Average Alpha diversity values calculated from 100 randomizations of 
sample order at each sample increment. Results are represented for 5 habitats over 8 
sample periods, 4 monthly sampling dates during June through September 1995 and over 
the same period during 1996 31 

Figure 11. Average Simpson diversity values calculated from 100 randomizations of 
sample order at each sample increment. Results are represented for 5 habitats over 8 
sample periods, 4 monthly sampling dates during June through September 1995 and over 
the same period during 1996 33 

Figure 12. All 1995 Taxa TWINSPAN Dendrogram. Dendrogram representing 
TWINSPAN classifications of Big Beaver Creek riparian habitats by arthropod 
assemblages collected in pitfall traps during 1995 34 

Figure 13. All 1995 beetle taxa TWINSPAN Dendrogram. Dendrogram representing 
TWINSPAN classifications of Big Beaver Creek riparian habitats by beetle assemblages 
collected in pitfall traps during 1995 35 

Figure 14. All 1995 spider taxa TWINSPAN Dendrogram. Dendrogram representing 
TWINSPAN classifications of Big Beaver Creek riparian habitats by spider assemblages 
collected in pitfall traps during 1995 37 

Figure 15. All 1995 and 1996 taxa TWINSPAN Dendrogram. Dendrogram representing 
TWINSPAN classifications of Big Beaver Creek riparian by combined 1995 and 1996 
arthropod assemblages (ants, spiders, beetles, and true bugs) collected in pitfall traps 
during 1995 38 

Figure 16. NMDS ordination of Big Beaver Creek riparian habitats by arthropod 
assemblages (ants, beetles, spiders, and true bugs) collected in pitfall traps during 
1995 40 

Figure 17. NMDS ordination of Big Beaver Creek riparian habitats by 1995 and 1996 
arthropod communities (July-October pitfall trap collections of ants, beetles, spiders, and 
true bugs) 41 

Figure 18. NMDS ordination biplots of site environmental attributes and habitat types. 
Ordinations derived from arthropod communities collected in pitfall traps during 
1995 46 

vin 



Introduction 

As sites of connectivity between aquatic and adjacent upslope forests, riparian zones have been 
designated among the most important habitats within forest ecosystems (Meeham et al. 1977, 
Beschta et al. 1987, Gregory et al. 1991, Swanson and Franklin 1992, Naiman et al. 1993, 
USDA 1994). Riparian habitats have unique, diverse assemblages of plants and animals, and are 
used by more that 400 species of wildlife (Oakley et al. 1985, Hancock et al. 1996). As a result 
of their importance, protection of riparian reserves has been mandated by State and Federal land-
use guidelines (e.g., USDA 1994). 

Riparian habitats within Pacific Northwest have a rich diversity of arthropods (Asquith et al. 
1990, Parsons et al. 1991, Lattin 1993a). These organisms are an important source of energy in 
the food chain of adjacent aquatic systems (Patton 1977, Meeham et al. 1977). Changes in the 
structure and composition of riparian arthropod communities are likely to influence biological 
productivity in adjacent rivers and streams (Norton 1996). Monitoring riparian arthropod 
communities may provide valuable information about the overall health of the watershed 
ecosystem. Measuring abiotic factors tell us what is happening in the physical environment, and 
biological monitoring detects what is happening to the living species. Because they are part of 
almost all ecosystem processes, arthropods should be effective as indicators of change in forest 
riparian ecosystems. 

Information about species can inform scientists and managers about movements, accumulations, 
and modifications of materials in the natural environment and identify the biological effects of 
these processes. Because of their size and microhabitat requirements, insects can reveal fine-
scale environmental change (Samways and Steytler 1996). The functional importance of 
invertebrates has yet to be fully appreciated by conservation planners, in the context both of 
conserving species and using functional group analysis as a tool for environmental monitoring 
(Lattin 1993b, New 1993). 

This study of Big Beaver Creek Natural Research Area was undertaken to examine the potential 
of riparian arthropods for use in long-term ecological monitoring and to document species 
occurring in the study area. The first four contributions to this five-part series (Lattin 1997, 
Labonte 1998, Glesne 1998, 2000) focused on the individual taxonomic groups (true bugs, 
spiders, ants, and beetles). Objectives of these reports were to provide basic information 
concerning species occurrence, relative abundance and distribution among habitats, life history 
and taxonomic background. This report characterizes arthropod community assemblages, 
identifies environmental factors that influence community assemblage structure, and to provides 
basic information useful in the design and implementation of future monitoring programs. 
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Study Area 

Big Beaver Creek is located approximately 25 km south of the Canadian border and about 75 km 
east of Bellingham (Figure 1). Big Beaver Creek flows in a southeasterly direction into the south 
end of Ross Lake, a power-generating impoundment occupying the northern portion of the 
Skagit River Valley. The Big Beaver watershed is a pristine natural area that encompasses 
approximately 17,000 ha, including the tributary drainages of Luna and McMillan Creeks. The 
elevation ranges from 488 m in the east where Big Beaver Creek flows into Ross Lake to 2502 m 
at the summit of Mt. Challenger at the western boundary of the watershed. Within this 
watershed, there are 174 km of streams and 62 lakes/ponds represented on the USGS 7.5' 
topographical maps. 

The climate in Big Beaver Valley is determined by general weather patterns in the North Cas­
cades, which are modified by topographic features in and around the valley. Air masses 
originating as frontal systems over the Pacific Ocean release rain or snow as they rise over the 
Pickett Range. This results in a rain shadow effect for Big Beaver Valley. Miller and Miller 
(1971) reported a moisture gradient within the valley, with the west end receiving more moisture 
than the east end. Precipitation is estimated to range from approximately 150 cm in the lower 
eastern end of the valley to 250 cm in the higher, western end of the watershed (Taber and 
Raedeke 1976). The orientation of the valley on a northwest-southeast axis creates strong 
microclimatic variation. For example, the north facing slopes remain cool and moist throughout 
the summer months because they receive very little direct sunlight. 

The bedrock of Big Beaver Valley is composed almost entirely of Skagit Gneiss with a few 
scattered outcrops of Cascade River Schist (Misch 1966). Several periods of glaciation have 
carved a typical flat-bottomed, steep-walled valley. The headwaters of all streams begin in the 
steep upper canyons, often flowing down into a loose talus slope and finally entering the lower 
gradient valley bottom. There is a soil moisture gradient from the well-drained rocky soils on 
the upper slopes to the saturated silty-peat soils of the valley bottom. The area surrounding Ross 
Lake is a transition zone between moist coastal forests west of the Cascade crest and dry interior 
forests (Franklin and Dyrness, 1973). This situation is evident in Big Beaver Valley, which 
shares plant associations and floristic affinities with both regions (Vanbianchi and Wagstaff 
1988). 

Only the lower 13 km of the valley were sampled during this study. Along this part of the 
valley, Big Beaver Creek is a fourth order, low-gradient stream with many meanders. Study site 
elevations were modest, ranging from 494 to 579 meters. There are substantial gravel bars along 
this section, while the low-gradient and relatively broad valley floors have enabled the formation 
of extensive swamps and marshes. 
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Beavers profoundly affect the vegetation and hydrography in the lower gradient sections of the 
study area. They constantly reshape their channels, alter water levels, and harvest vegetation for 
food and construction materials. They create and maintain wetlands and kill large areas of 
riparian forest by inundation (Vanbianchi and Wagstaff 1988). Beavers are also responsible for 
the formation of most of the pond habitat in the lower valley. Thus, aquatic and riparian 
communities of the lower valley are largely dependent on these animals. 

The vegetation of the study area can be divided roughly into wetland and montane forested 
communities. Finer resolution divisions can be made based on dominant species and age 
structure. Common wetland plant species include: aquatic species Potamogeton natans, Nuphar 
polysepalum, and Menyanthes trifoliata; emergent species, Carex spp., Potentilla palustris, 
Habenaria dilatata, Glyceria elata, and Equisetum spp.; bog species, Sphagnum spp., Drosera 
rotundifolia, Tofieldia glutinosa; shrub species, Salix sitchensis, Salix lasiandra, Spiraea 
douglasii, Cornus stolonifera, Acer circinatum, Alnus sinuata, and Sambucus racemosa. 
Common trees in forest communities include deciduous trees, Alnus rubra, Acer macrophyllum, 
Populus trichocarpa, and conifers, Thuja plicata, Pseudotsuga menziesii, Tsuga heterophylla, 
Abies amabilis, Pinus contorta, Pinus monticola and Picea engelmanni. 

Methods 

Sampling Design, Sample Collection and Processing 

Sampling of the terrestrial riparian arthropod fauna of Big Beaver Creek, North Cascades 
National Park Service Complex (Washington) was conducted during the snow-free seasons of 
1995 and 1996. Sample site locations are shown in Figure 2 and in aerial photographs in the 
Appendix (Figures A l to A8). Sample site locations were based upon a high-resolution 
vegetation map (Vanbianchi and Wagstaff 1988) of this stretch of Big Beaver Creek. Nine 
habitat types representing dominant vegetation associations, or habitats of special interest, were 
selected for sampling in 1995 and included the following: alder swamp (AS), maple thicket 
(AT), sphagnum bog (B), gravel bar (G), Douglas-fir forest (PF), willow-sedge swamp (SC), 
willow-spiraea swamp (SS), cedar-willow-sedge swamp (TC) and cedar-hemlock forest (TT). In 
1996, AS, G, PF, SC and TT habitats were re-sampled:. 

Pitfall traps were used to collect all specimens. Pitfall trapping is a well-established method for 
sampling ground-active arthropods, with extensive literature dealing with the protocols and 
limitations of this technique (eg. Greenslade 1964, Luff 1975, Uetz and Unzicker 1976, Adis 
1979, Topping and Sunderland 1992, Spence and Niemela 1994, Mommertz et al. 1996). Pitfall 
traps selectively sample surface-active arthropods (versus litter-dwelling or arboreal species) and 
therefore does not provide direct unbiased measures of abundance. 
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There has been discussion over the utility of pitfall traps for estimation of population abundance 
in entomological literature. However, there is general agreement that pitfall traps are useful for 
comparing relative abundance of invertebrate species among sites (Adis 1979, Southwood 1978, 
Luff and Eyre 1988). All species are not equally susceptible to this sampling method. For 
example, pitfall traps preferentially capture large, active species. Pitfall capture rates are also a 
function of climatic conditions, since these affect arthropod activity. For instance, very cold or 
dry conditions often result in reduced catches since many arthropods are less active under these 
circumstances. A further complication is that pitfalls sampling over relatively long periods may 
strongly attract necrophagous (carrion-feeding) insects (e.g. blowflies and burying beetles), 
especially traps that incidentally capture vertebrates and those with dilute preservative. There is 
also evidence that ethylene glycol, a standard preservative used in pitfall sampling, actively 
attracts some species or genders of insects (Holopainen 1990). No such evidence exists 
regarding the preservative used in the Big Beaver Creek study, propylene glycol, but it seems 
likely that it would have similar effects. 

The pitfall traps consisted of a plastic bucket 18 cm tall with a diameter of 14 cm at the top and 
12 cm at the bottom. An aluminum funnel was placed inside the top to prevent arthropods from 
escaping. This funnel extended about 8 cm down into the bucket with a bottom opening of 3 to 4 
cm and the top tightly wedged inside and near the rim of the bucket. A 16 oz plastic cup, filled 
with approximately 100 ml of propylene glycol (non-toxic antifreeze), was placed inside the 
bucket. The plastic buckets were set into the ground so that the top of the bucket was even with 
the level of the surrounding substrate. Backfill and litter were repositioned to approximate the 
original condition of the trapsite. The cup, containing the antifreeze was set inside the bucket 
and then the funnel was installed. Finally, a 2 x 25 x 25 cm wooden board supported by 2 x 2 x 
5 cm legs was set over the pitfall trap to exclude debris and rain. 

Ten separate habitat patches were randomly selected for each habitat type and one pitfall trap 
was used per habit patch (Figure 2), with the exception of bog and gravel bar sites in 1995. 
There were only two patches of the bog habitat in the valley. Five pitfall traps were placed at 
each of these sites. For gravel bar sites, 11 separate patches were selected in 1995 and 10 in 
1996. Traps operated continuously throughout the sampling period, from early June through 
October of 1995 and 1996. The 1995 sample effort also included May. Extensive bear damage 
to these early season traps, up to 70% of the traps, made it necessary to drop this sample period 
from analyses and exclude it from the 1996 data. Thus, 91 traps were utilized in 1995 and 50 in 
1996. In order to reduce "trap-out" effects and individual trap bias, each 1996 trap position was 
shifted approximately 10 m from the 1995 position. 

Extensive habitat information from an 8 * 8 m grid centered upon the trap was recorded for the 
area immediately surrounding each trap site. Information collected for each site included UTM 
coordinates, elevation, crude soil type (e.g. clay versus loam), soil moisture categories during 
August, litter depth, percent canopy closure (densiometer), slope, aspect, percent herb and shrub 
cover by species (herb and shrub cover was measured in 4x4 m plots centered upon the trap), tree 
species inventory (number of individuals and d.b.h.) and coarse woody debris inventory. The 
number and species of vertebrates collected by the pitfalls were also recorded, and all such 
specimens were retained. 
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Pitfall samples were collected once a month. Specimens collected from each trap were placed in 
bottles with the antifreeze preservative and returned to the lab for processing. In the laboratory, 
samples were washed, and sorted, and all specimens were placed in vials of 70% ethanol. All 
identifications were based on intact adult specimens and were identified, in most cases to the 
species level. Taxonomic references and expertise used in the identification of specimens from 
the four major groups of arthropods (true bugs, spiders, ants, and beetles) were reported in Parts 
I-IV of this series (see Lattin 1997, LaBonte 1998, and Glesne 1998, 2000). 

Data Analysis 

Species Richness and Diversity 

Species richness and diversity analyses for each habitat were developed from data matrices 
representing the number of captures for each species by individual samples. For example, during 
1995 gravel bar habitats were sampled with 11 pitfall traps during each of the four monthly 
sample periods, capturing 96 species, resulting in a matrix of 96 columns (species) and 44 rows 
(samples). These analyses were completed for each of the nine habitats sampled in 1995 and for 
the combined 1995 and 1996 set of samples from the 5 habitats sampled during both years. 

Estimates 5.0.1 (Colwell 1997) software was used for the analyses. Accumulation curves for all 
parameters were developed by computing mean values for each sample increment from 100 
randomizations of sample order. This sample analysis procedure is discussed in more detail in 
Colwell and Coddington (1994). The following describes species richness estimators and 
diversity indexes used in the analyses: 

Chaol species richness estimator 

The Chaol estimator (Chao 1984, Colwell and Coddington 1994, Colwell 1997) is non-
parametric, but requires relative abundance data and is calculated as follows: 

F,2 

School  = Sc/,s+ 
2F2 

where S0bS is the number of species observed, F] is the number of singletons (species represented 
by only one individual), and F_? is the number of doubletons (species represented by only two 
individuals). Chaol reaches its maximum at about one-half the square of the observed richness 
when all species except one are singletons and considers the inventory complete when all species 
are represented by at least two individuals (Coddington et al. 1996). 

Chao2 species richness estimator 

The Chao2 estimator (Chao 1987, Colwell and Coddington 1994, Colwell 1997) is also non-
parametric, but utilizes only presence-absence data and is calculated as follows: 
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Qi2 

Schao2 = S0bs+ 
2Q2 

where Qi is the number of species found in only one sample ("uniques", regardless of abundance 
in those samples), and Q2 is the number of species found in just two samples. Chaol reaches its 
maximum at about one-half the square of the observed richness when all species except one are 
uniques and considers the inventory complete when all species occur in at least two samples 
(Coddington et al. 1996). 

Jackknifel species richness estimator 

Jackknifel, the first-order jackknife estimator of species richness (Burnham and Overton 1978, 
1979; Heltshe and Forrester 1983, Colwell 1997) is non-parametric and also uses only presence-
absence data. It is calculated as follows: 

Sjacki = Sobs+ Qi (m-l/m) 

where Qi is the number of unique species and m is the number of samples. The Jacknifel 
estimator reaches its maximum when all species are uniques at approximately twice the number 
of observed species (Coddington et al. 1996). 

Shannon diversity index 

The Shannon diversity index (H' - see Magurran 1988, Hayek and Buzas 1996) was calculated 
according to the following formula: 

H' = -Spt In pi 

where /?, is the proportion of individuals found in the / ̂  species. The index is sensitive to the 
number of species in a sample and the evenness in the distribution of abundance among the 
species within the sample. Values for the Shannon index usually fall between 1.5 and 3.5, and 
rarely surpass 4.5 (Margalef 1972). 

Alpha index of diversity 

The Alpha index (a - Fisher's alpha diversity index) is derived from the log series species 
abundance model (see Magurran 1988, Hayek and Buzas 1996). Methods for calculating the 
index are found in Equations 2.5 - 2.9 in Magurran (1988). 

Simpson's index of diversity 

Simpson's index (D) is calculated according to the following formula: 

D = 1 /Zpt2 
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Where pt is the proportion of the i species in the total sample. This index goes from zero to the 
total number of species. A value of one indicates that all of the individuals in a sample belong to 
a single species. Unlike Alpha and Shannon diversity indices, Simpson's index is heavily 
weighted towards the most abundant species in a sample while being less sensitive to species 
richness (Magurran 1988). 

Classification and Ordination 

Data Reduction and Matrix Development 

Species by site data matrices for classification and ordination analyses represented a reduced 
version of the original data set. First, because rare species may distort these analyses (see, 
Gauch 1982, Faith and Norris 1989, Jackson 1993), all species with less than 6 individuals total 
were dropped from the analysis. Vagrant species (those with very limited distributions among 
all the sample sites - species found at three or fewer sites) were also dropped. Next, matrix 
values for final analyses were calculated by taking monthly averages of capture data for each 
species from each trap. 

Finally, investigation of outliers in the dataset was completed using PC-ORD ver. 3.0 software 
(McCune and Mefford 1997). An outlier is a sample of peculiar species composition and has 
low similarity to all other samples. Many multivariate methods give unsatisfactory results if 
outliers are present (Gauch 1982). For this study, outlier analysis of sample sites by species 
composition used the Sorenson distance measure. Sorensen distance measured as percent 
dissimilarity (PD) is a proportion coefficient and the formula is written as follows: 

PD =1-2W/(A+B) 

where W is the sum of shared abundances and A and B are the sums of abundances in individual 
sample units. The Sorensen coefficient (also known as the Czekanowski or Bray-Curtis 
coefficient) was originally applied to presence-absence data, but it works equally well with 
quantitative data (McCune and Mefford 1997). A total of six outliers, with PD values greater 
than 2 standard deviations (cutoff point in the analysis) from the mean, were identified and 
dropped from the analysis. 

Two-way Indicator Species Analysis (TWINSPAN) 

TWINSPAN (Hill 1979, Gauch and Whittaker 1981) is considered a polythetic divisive 
classification technique, which uses information from all species, and where all samples are 
successively divided into smaller and smaller clusters until finally each cluster forms some 
specified smaller number of clusters (Gauch 1982). TWINSPAN simultaneously classifies 
species and samples. The resulting hierarchy of groups can be shown on a dendrogram with the 
species that influence division of groups of sample sites. A more detailed description of the 
method is found in Gauch (1982, pp. 201-203). Certain limitations of TWINSPAN have been 
reported by van Groenewoud (1992) and by Belbin and McDonald (1993). 
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TWINSPAN analysis was performed, using PC-ORD ver. 3.0 software (McCune and Mefford 
1997), on the following four datasets: 1) 1995 data only for nine habitats, using all species (data 
matrix representing 116 species and 85 sample plots, following data reduction as previously 
mentioned); 2) 1995 beetle data for the nine habitat types (data matrix representing 86 species 
and 85 sample plots); 3) 1995 spider data for the nine habitat types (data matrix representing 14 
species and 85 sample plots); and, 4) Combined 1995 and 1996 data for the five re-sampled 
habitats, using all species (data matrix representing 101 species and 94 sample plots). There 
were not enough species of ants and true bugs to apply TWINSPAN analysis to these groups. 

PC-ORD parameter options used in the TWINSPAN analyses included: minimum group size for 
division = 5, maximum number of indicators per group = 5, and maximum levels of divisions = 
3. Pseudospecies cut levels were set at 0, 2, 5, 10, and 20 individuals. 

Non-Metric Multidimensional Scaling (NMDS) 

The purpose of NMDS is to provide a visual representation of the patterns of similarity among 
individual samples as determined by the composition of their arthropod assemblages. Sites in 
close proximity to each other exhibit greater similarity in species composition than sites located 
farther apart in the ordination diagrams. This method, as with other ordination methods, 
simplifies large amounts of ecological information to allow a greater understanding of the 
structure of communities and relationships with corresponding environmental characteristics and 
conditions. 

In NMDS, raw data is first converted into a matrix of dissimilarity values. Unlike metric forms 
of ordination, NMDS only uses the rank order information from the dissimilarities matrix. The 
intention with the non-metric method is to moderate the often violated assumption of linearity 
(change in value of one variable is directly proportional to the change in value of another) in the 
data with a weaker and less problematic assumption of monotonicity (paired variables must 
increase together, or as one increases the other must not decrease) (Gauch 1982). Pimentel 
(1995) reviews the advantages and limitations of both metric and non-metric ordination methods. 

Given only the compositional dissimilarities among sites, the ordination space is derived such 
that the resulting distances in the ordination space match (exhibit a low 'stress' value) the 
corresponding dissimilarities. The stress measure is defined according to a prescribed 
relationship between dissimilarities and distances (see Kruskal 1964a). Stress values are used to 
examine the goodness of fit between the similarities and final fit. Kruskal (1964a) gives 
informal interpretation of stress values where; < 5% is excellent, 5-10% is good, 10-20% is fair, 
and >20% is poor. Kruskal (1964b) and Pimentel (1995) give detailed explanations of the 
NMDS method. 

NMDS analysis was performed, using PC-ORD ver. 3.0 software (McCune and Mefford 1997), 
on the 1995 data set for nine habitats, using all species (data matrix representing 116 species and 
85 sample plots), and the combined 1995 and 1996 data set for the five re-sampled habitats, 
using all species (data matrix representing 101 species and 94 sample plots). The coordinates 
graph file from a Principal Components Analysis (PCA, PC-ORD ver. 3.0 software) of the data 
matrices was used as the starting coordinates for the NMDS ordinations. The Sorensen distance 
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measure (same as for the outlier analysis) was used to construct the dissimilarity matrix. The 
NMDS procedure was completed requesting information for both 2 and 3 axes. Although 
analyses using the third axis reduced stress values, it was not a significant reduction, and it was 
thought that most of the information in the data set could be represented by 2 axes. 

Site Attribute Correlations 

Spearman rank correlations were used to measure the association between site attributes (soil 
moisture, soil type, vegetation composition, tree basal area, canopy cover, litter depth, and coarse 
woody debris), as well as with the NMDS ordination axes values. The latter indicates 
environmental factors that influence the grouping of sites in the NMDS ordination space. SPSS 
ver. 9.0 software (SPSS 1999) was used for obtaining Spearman rank correlation values. 

Indicator Species Analysis 

Dufrene and Legendre (1997) proposed the use of a species Indicator Value index for identifying 
indicator species and species assemblages characterizing groups of sites. The index is based on 
only within-species abundance (% relative abundance) and occurrence (% frequency of 
occurrence) comparisons, without any comparison among species. The index reaches its 
maximum (100) when all individuals of a species are found in a single habitat type and when the 
species occurs in all sites of that habitat type. PC-ORD ver. 3.0 software (McCune and Mefford 
1997) was used to calculate Relative abundance (RA), Relative Frequency (RF), and Indicator 
Values (IV) for important taxa (IV value > 40) by TWINSPAN groups ordinated from data 
collected during 1995. 
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Results 

Soil and Site Attributes 

A summary of soil and site characteristics by habitat type is shown in Table 1. Plant species 
richness and common herb, shrub, and tree species found within the sample sites are shown in 
Tables 2-4. All plant species encountered during the survey, by habitat type, are found in the 
Appendix, Tables A l - A3. Photos representing the various habitat types are shown in the 
Appendix, Figures A9 - A14. 

Alder swamp (AS) site soils were moist to wet, predominantly sandy or loamy, with an average 
litter depth of 5.6 cm. The average coarse woody debris volume was 2.3 m3 per plot (Table 1). 
The sites were essentially flat, with an average slope of 0.6% and canopy closure averaged 96%. 
Seventeen herb species were found among the AS sites, with an average of 4.3 species/plot 
(Table 2). Athtyium filix-femina was the only herb species considered as common (occurring at 
50%o or more of the plots) to this habitat. Herb cover averaged 53%. Sixteen species of shrubs 
were identified within the AS habitat type. Several shrub species were commonly encountered 
in AS habitat sites (Table 3), of which Rubus spectabilis was the most abundant and widely 
distributed species. AS habitat sites had an average species richness of 4.6 shrub species per 
plot. Average shrub cover was 64%. Red alder (Alnus rubra) and vine maple (Acer circinatum) 
were the only common tree species of 8 species found in this habitat type. 

Maple thickets (AT) had moist soils that were predominantly organic or loamy, with an average 
litter depth of 3.5 cm. Average coarse woody debris volume was 2.0 m3 per plot. The average 
site slope was 5.4%. Canopy closure averaged 99%. Common herbaceous layer species 
included mosses and Athryium filix-femina. Herb cover averaged 45%, with average species 
richness of 3.6 species per plot. The most common shrubs were Acer circinatum and Cornus 
stolenifera. Maple thickets had the greatest average shrub cover of all sampled habitats. Shrub 
canopy cover consisted of multiple layers and the average shrub cover was 106%). Twelve 
species of shrubs were found in the AT habitat, with average species richness of 2.6 species per 
plot. The dominant trees were A. circinatum and Pyrus fusca, with 5 species found among the 8 
plots sampled. Tree density, as measured by percent basal area in the plot, ranked 4th among the 
9 habitats. 

Douglas fir forest (PF) soils were dry, organic or loamy, with an average litter depth of 8.2 cm. 
The average coarse woody debris volume was 5.7 m3 per plot, greatest among the habitat types. 
Slopes averaged 7.8%. Canopy closure averaged 100%. Mosses and Linnaea borealis were the 
most common herbaceous layer species. Herb cover averaged 55% and average species richness 
of 3.3 species per plot. Average shrub cover was 26%, with an average species richness of 2.7 
species per plot, and a total of 11 species encountered in the habitat. Eight species of trees were 
found in PF habitat with an average of 2.9 species/plot. The most common trees included Tsuga 
heterophylla and Thuja plicata. These forests were the steepest of all sampled habitats, had the 
greatest average canopy closure, the greatest average woody debris volume, the greatest basal 
area of trees and the greatest average litter depth of all sampled habitats. 
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Cedar/hemlock forest (TT) soils were dry, with organic or loamy soils and had an average litter 
depth of 5.3 cm. Average coarse woody debris volume was second to Douglas fir forest 
habitats, 3.5 m3 per plot. Average slope per plot was 4.8% and canopy closure averaged 99.3%. 
TT habitat exhibited the greatest diversity of herb species (26) and averaged 6 species/plot 
Tiarella tr.foliata and Atherix filix femina were the most common species of herbs. Herb cover 
averaged 49%. Acer circinatum was the dominant shrub found among the TT sites; shrub cover 
averaged 37%, with average species richness of 2.7 species per plot. Thirteen species of shrubs 
were observed in the TT habitat. Seven species of trees were observed with an average of 2.2 
species/plot. Thija plicata was the most common tree found in the habitat. Tree basal area in 
TT habitat ranked second among the 9 habitats. 

Gravel bar (G) soils were dry, lacked litter and were composed of sand, gravel and cobbles. The 
average coarse woody debris volume was 1.3 m3 per plot. The average slope was 3.2% and 
canopy closure averaged 13%). Mean herbaceous plant cover was 5.5%, the lowest of all the 
habitats sampled. Thirteen herb species were found in the G sites, with an average of 2.8 
species/plot. Epilobium latfolium and grass species were the most common taxa. Shrub cover 
was also lowest at G sites (mean 9.4%). Nine shrub species were found in this habitat, with an 
average of 1.7 species/plot. Salix sitchensis and Alnus rubra were the most common species of 
shrubs. Trees were virtually absent, with only a single site that had a total of two trees. 

Cedar/willow/carex swamp (TC) soils were organic, wet and had an average litter depth of 5.4 
cm. Average coarse woody debris volume was negligible, <0.2 m3 per plot. All of the sites were 
flat and canopy closure averaged 63%. Twenty herb species were observed in TC sites, with an 
average of 6.3 species/plot. Several species were widely distributed among the TC plots (Table 
2), with Carex spp., Athryium filix-femina and Lysichitum americanum the most common. Herb 
cover was of multiple layers and averaged 120%. Percent shrub cover was high in TC habitat 
(mean 82%). The greatest number of shrub species (18) and highest number of species/plot (4.8) 
were observed in TC habitat. The most common species of shrubs observed included Salix 
sitchensis, Spiraea douglasii, and Cornus stolen fera. Thi. ja plicata was the most common tree 
species. Only 2 other species of trees were found in the habitat. Tree basal area was low ( < 0.5 
% of the plot area) compared to other forested habitats. 

Sphagnum bogs (B) had wet, peaty "soils" without a litter layer. The average coarse woody 
debris volume was 0.3 m3 per plot. Bog sites were flat, with no discernable slope, and canopy 
closure averaged 7%. Fifteen herb species were observed at B sites, with an average of 6.3 
species/plot (ranking first with TC habitat, Table 2). The most common species at B sites 
included Sphagnum spp., Carex spp., Drosera rotund.folia, and Menyanthes trfoliata. 
Herbaceous plants were the dominant plant group observed at B sites. They were in multiple 
layers, and percent cover was very high at 242%. Shrub cover at B sites was low (21%). Nine 
species of shrubs were observed, with an average of 2.5 species/plot. Thi ja plicata and Spiraea 
douglasii were the most common shrubs. Only one tree was found in the 10 surveyed plots. 

Willow/carex swamp (SC) soils were wet and organic, with an average litter depth of 6.3 cm. A 
small amount of coarse woody debris was found at only one of the 10 sites. These swamps were 
essentially flat, with an average slope of 0.3%, and canopy closure averaged 4.5%. SC sites 
exhibited a diverse herbaceous flora represented by 20 species and an average of 6.1 species/plot. 
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Many herb species were widely distributed among the plots, the most common including Carex 
spp. and Equisetum spp. and grass species. Herbaceous plants were in multiple layers. Herb 
cover was high and averaged 157%. Five species of shrubs were observed and common taxa 
included Spiraea douglasii and Salix sitchensis. Shrub cover averaged 40%. Trees were not 
found at any of the SC plots. 

Willow/spiraea swamp (SS) soils were wet, organic and had an average litter depth of 4.9 cm. 
Average coarse woody debris volume was negligible, approximately 0.1 m3 per plot. These sites 
were flat, with no discernable slope, and canopy closure averaged 19%. Sixteen species of 
herbaceous plants were observed with an average of 5.2 species/plot. Most common herb 
species included Carex spp., Potentilla palustris, Athyria filix femina, and Lysichitum 
americanum. Herb cover averaged 109%. Nine species of shrubs were observed and the most 
common species included Spiraea douglasii, Salix sitchensis, and Cornus stolen.fera. Shrub 
cover averaged 69%, with average species richness of 3.3 species per plot. There were no trees 
in any of the plots. 

In summary, the various habitats can be generally characterized by gradients in soil moisture and 
canopy cover. These characteristics largely affect the plant community structure and 
consequently affect other environmental attributes such as litter and coarse woody debris. 
Habitat types exhibiting wet soil conditions and open canopies included bogs, willow/carex 
swamps and willow/spiraea swamps. Gravel bars exhibited dry soils and open canopies. Wet to 
moist soil conditions and closed canopies were found at maple thicket, alder swamp, and 
cedar/willow/carex sites. Dry soils and closed canopies were common to forested habitats of 
Douglas fir and cedar/hemlock sites. 

Arthropod Sample Summary Statistics 

General arthropod sampling statistics grouped by sample years and total number of habitats 
sampled are shown in Table 5. The number of species and individuals from the four major 
groups of arthropods investigated is also summarized in Table 5. A total of 15,916 adult 
arthropods representing 448 species were captured from all habitats during the 8 sampling dates 
over two years. Sampling of all 9 habitats during 1995 resulted in collection of 62% (9867) of 
all individuals and 80% (359) of all species sampled during the 2 year study. 

In 1996, sampling was limited to 5 habitats (alder swamps, gravel bars, Douglas fir forest, 
willow/carex swamp, and cedar/hemlock forest), as previously described in the Methods section. 
Summary statistics for the same 5 habitats sampled during 1995 are also presented in Table 5 for 
purposes of comparison between years. There was little variation between years in the number 
of individuals (5,893 in 1995, and 6,049 in 1996) and number of species (284 in 1995, and 266 in 
1966). The effects of increasing sample size can also be compared by combining both 1995 and 
1996 data for the same 5 habitats, effectively doubling the sample size from 194 samples in 
1995, and 182 samples in 1996, to 376 samples for the combined 1995 and 1996 5-habitat data 
set. The pooled sample resulted in the capture of 80 (22%) to 98 (27%) more species, for 1995 
and 1996 respectively. 
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Table 5. Number of species and adult individuals* collected in pitfall traps, during four sampling 
periods, for the months of June through September, 1995 (all 9 habitats), 1995 (subset of 5 
habitats), 1996 (subset of 5 habitats), and during 8 sampling periods for the months of June 
through September for 1995 and 1996 combined (subset of 5 habitats), and 1995-1996 (all 
samples combined). 

1995 1995 1996 1995&1996 1995&1996 
(all) (5 habitats) (5 habitats) (5 habitats) (all) 

No. of samples 347 
No. of trap-days 10410 

194 
5820 

182 
5640 

376 
11460 

529 
16050 

No. of individuals 
Beetles 4516 
Spiders 3818 
Ants 1140 
True bugs 393 

Total 9867 

3217 
1682 
861 
223 
5983 

3343 
1436 
1242 
28 
6049 

6560 
3118 
2103 
251 
12032 

7859 
5254 
2382 
421 
15916 

No. of species 
Beetles 270 
Spiders 38 
Ants 19 
True bugs 32 

Total 359 

220 
32 
16 
16 
284 

214 
24 
17 
11 
266 

291 
33 
21 
19 
364 

355 
38 
22 
33 
448 

* Number of individuals includes adult specimens only. Individuals representing Coleoptera necrophage taxa 
(Catops spp., Nicrophorus spp. and unidentified Aleocharinae taxa) and the small msc. spider group (Erigonidae, 
Linyphiidae, Theridiidae, and Uloboridae) were not included in the analyses. 

Beetles, spiders, ants, and true bugs were selected for identification to species because their 
taxonomy is relatively well known, and they were among the most abundant groups captured in 
pitfall traps. Specimens from the 4 groups were identified to the lowest possible taxonomic 
level. The largest proportion of specimens captured were beetles (49% of all individuals 
captured, and 79% of all species captured, Table 5). It is important to note that necrophagous 
beetle species were not included in any of the analyses because of potential sampling bias. 
Decomposing small mammals caught in traps may have attracted these species in unusual 
numbers. These taxa were extremely abundant and accounted for 41% of all beetles captured 
during the 2 years of sampling (LaBonte 1998). Complete lists of taxa for each of the four 
groups sampled can be found in the Appendix, Tables A4 - A7, and in Parts I-IV of this series 
(Lattin 1997, Glesne 1998, LaBonte 1998, Glesne 2000). 

A summary of the sampling statistics for all 9 habitats sampled during 1995 is provided in Table 
6. A summary of the sampling statistics for 5 habitats sampled in 1995 and re-sampled during 
1996 is provided in Table 7. The number of samples from each habitat type varies because 
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several traps were disturbed or destroyed during the sampling periods by bears, raccoons, deer, 
and other wildlife. 

During 1995, adult capture rates per 100 trap-days (Table 6) ranged from 54 for maple thicket 
habitat to 141 for willow/carex swamp habitat. High capture rates were also found at gravel bars 
and willow/spiraea swamp habitats, 132 and 131 adults/100 trap-days, respectively. The 
combined 1995 and 1996 samples for the 5 habitats sampled during both years (Table 7) resulted 
in very similar capture rates to those found for the same habitats with only a single year effort. 
One exception was cedar/hemlock forest habitat, which showed an increase from 64 adults/100 
trap-nights in 1995 (1110 trap-days, Table 6) to 92 adults/100 trap-nights for combined 1995 and 
1996 samples (2190 trap-days, Table 7). 

The number of species observed in each habitat during 1995 ranged from 67 (bog) to 112 (alder 
swamp), with most habitats being represented by 80 to 100 species (Table 6). In comparison to 
1995 data, the combined 1995 and 1996 sample for the 5 re-sampled habitats (Table 7) resulted 
in an increase in species observed, ranging from 17 in gravel bar habitat to 45 in willow/carex 
habitat. 

Sampling intensity was described by Coddington et al. (1996) as the ratio of adults to species 
captured. They suggested that this index might provide a rough guide to the number of 
individuals required (sample effort) to estimate species richness, and compared sampling 
intensity values with species richness estimators. Sampling intensity for 1995 data from all 9 
habitats ranged from 6.5 to 18.7 (Table 5). Sampling intensity, for the 5 habitats sampled during 
both years (Table 7) ranged from 14.5 to 26.3. In a comparison of the 5 habitats sampled in 
Tables 6 and 7, the combined sample resulted in a disproportionate increase in sampling intensity 
(30 to 50%) at all of the habitats except cedar/hemlock forest, where sampling intensity doubled 
with the combined set of 1995 and 1996 samples. 

The percent singletons index, percentage of species represented by one adult, has been used to 
evaluate species inventory completeness (Coddington et al. 1996). This value is expected to be 
low for well-sampled faunas, and high values are expected from sparse samples of species rich 
communities. Results of 2 years of sampling showed that most species captured were 
represented by few individuals, and only a few species were represented by many individuals 
(Lattin 1997, Glesne 1998, LaBonte 1998, Glesne 2000). Percent singleton values were 
relatively consistent among 6 of the 9 habitats sampled during 1995, ranging from 33 to 39%. 
Approximately 50% of the species found at the other three habitats (maple thicket, bog, Douglas 
fir forest) were represented by singletons (Table 6). Comparisons between the 5 habitats 
sampled in both years showed that percent singleton values were little affected by combining the 
2 years of data. 

Species Richness 

Species accumulation curves for 9 habitats sampled during 1995 are presented in Figure 3. The 
alder swamp habitat had the greatest number of species (112). Bog habitat had the fewest 
species (67). Species-area curves increased for each habitat after every sampling period and did 
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not reach an asymptotic level after 4 sampling periods (representing 33 to 44 samples for each of 
the habitats). 

Figure 4 presents species accumulation curves using combined data from 1995 and 1996 for the 
5 selected habitats. Alder swamp habitat had the highest species count, 145 species captured 
after 8 sampling dates (76 samples). Douglas fir forest sites had the lowest species count, 108 
species captured after 8 sampling dates (72 samples). Species accumulation curves increased for 
each habitat after every sampling period. They did not reach an asymptotic level during the 
study, even after combining both years of samples (33-44 samples per habitat in 1995, and 72-81 
samples for combined 1995 and 1996). 

Curves representing Chaol estimates of species richness of re-sampled habitats for 100 
randomizations of each sample increment are shown in Figure 5. Forested habitats appeared to 
be approaching asymptotes. The cedar/hemlock forest Chaol curve leveled off at nearly 174 
species after 60 samples. The Chaol curve for Douglas fir forest habitat appeared to be slightly 
increasing and still not quite at its asymptote, approaching 152 species after 72 samples. The 
other three habitats did not reach asymptotes. Chaol estimates were highest for willow/carex 
swamp habitat, reaching 207 species after 75 samples. Douglas fir forest habitat had the lowest 
Chaol estimated species richness. 

Curves representing Chao2 estimates of species richness of re-sampled habitats for 100 
randomizations of each sample increment showed similar patterns (Figure 6) to those of Chaol 
(Figure 5). Forested habitats again appeared to be approaching asymptotes as in Figure 5, for 
Chaol. Chao2 estimates were higher than Chaol species estimates for all of the habitats. 
Willow/carex swamp habitat had the highest estimate, reaching 251 species after 8 sampling 
dates (75 samples). Douglas fir forest habitat had the lowest Chao2 estimated species richness, 
154 species after 8 sampling dates (72 samples). 

Curves representing Jackknifel estimates of species richness of re-sampled habitats for 100 
randomizations of each sample increment are shown in Figure 7. Jackknifel estimates were 
similar to Chao estimates with the exception of gravel bar habitat, which had fewer species (152 , 
191, and 202 species per 81 samples for Jackknifel, Chaol, and Chao2, respectively). None of 
the 5 habitats approached asymptotic levels. 

A summary comparing mean values for observed richness, Chaol, Chao2, and Jackknifel 
estimators, for the 5 re-sampled habitats, is shown in Table 8. To compare species richness 
among habitats, a standard sample size of 72 was selected which represents the largest sample 
size that all of the habitats had in common. Derived species richness values from the estimators 
were generally 20 to 40% greater than the observed richness values. There was reasonable 
agreement between the calculated estimators for all of the habitats except for gravel bar habitat, 
where Chaol and Chao2 estimates appeared much higher (181 and 187 species, respectively) 
than the Jackknifel estimate (154 species). Willow/carex swamp habitat consistently had the 
highest species estimates, ranging between 205 and 245 species. Douglas fir forest habitat 
consistently had the lowest species estimates, ranging between 152 and 154 species. 
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Table 8. Comparison of species richness estimators with observed richness for 5 habitats 
sampled over 8 periods during 1995 and 1996. All values represent means from 100 
randomizations of sample order, where sample size was fixed at 72 samples for each habitat. 
(AS-alder swamp, G-gravel bar, PF-Douglas fir forest, SC-willow/carex swamp, TT-cedar/hemlock forest) 

Habitat AS G PF SC TT 

Observed Richness 142 107 108 141 129 

Chaol Estimator 185 181 152 205 173 

Chao2 Estimator 192 187 154 245 185 

Jackknifel Estimator 191 154 152 206 184 

For all the habitats except gravel bars, the average percentage of singletons declined with each 
sample increment but did not reach asymptotic levels after 8 sampling dates (72-81 samples) 
over 1995 and 1996 (Figure 8). The alder swamp habitat had the lowest average percentage 
singletons (highest inventory completeness), declining to 29.7% after 8 sampling dates. 
Percentage of singletons was highest at gravel bar habitat (39.8%) and appeared to be at 
asymptotic levels after 30 to 40 samples had been collected. 

Diversity 

Average Shannon's index of diversity calculated from 100 randomizations of all taxa captured in 
re-sampled habitats during 1995 and 1996 was highest in alder swamp habitat, reaching 3.84 
after 8 sampling dates, including 76 samples (Figure 9). Willow/carex swamp habitat had the 
lowest average Shannon's index, 2.76 after 8 sampling dates (75 samples) and was relatively 
similar to values for gravel bars, Douglas fir forest sites, and cedar/hemlock forest sites. 
Shannon's index continued to increase with increasing sample size for all of the habitats. 

Average Alpha diversity calculated from 100 randomizations of all taxa captured in re-sampled 
habitats during 1995 and 1996 was also highest in alder swamp habitat, reaching 35.33 after 8 
sampling dates (Figure 10). Gravel bar habitat had the lowest average Alpha diversity, 23.27 
after 8 sampling dates, including 81 samples (Figure 10). Willow/carex swamp habitat, which 
had the lowest Shannon diversity value (Figure 9), had an intermediate Alpha diversity index 
value of 30.4 (75 samples). Alpha diversity values continued to increase with increasing sample 
size. 
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Average Simpson's index of diversity calculated from 100 randomizations of all taxa captured in 
re-sampled habitats during 1995 and 1996 was again highest in alder swamp habitat, reaching 
26.01 after 8 sampling dates (76 samples) (Figure 11). Simpson's index was much lower at all 
of the other habitats, ranging from 6.73 at willow/carex swamp habitat to 10.8 at gravel bar 
habitat after 8 sampling dates, including 72 to 81 samples (Figure 11). 

Classification and Ordination 

TwoWaylndicatorSpeciesAnalysis TWINSPAN 

All Taxa, 1995 

Habitats were classified into groups based on their species assemblages using TWINSPAN. 
The dendrogram representing TWINSPAN (75% or greater site fidelity) classifications of the 9 
habitats by arthropod assemblages, collected during 1995, formed 6 groups after 3 divisions 
(Figure 12). At the first level of division, the abundance of the spider species Pirata piraticus 
(Clerck) at bog, willow/carex swamp, willow/spiraea swamp, and cedar/willow/carex swamp 
resulted in the separation of these habitats from the rest, where this species was not found. 

In the upper part of the dendrogram in Figure 12, the second level of TWINSPAN division 
separated the bog, willow/carex swamp, and willow/spiraea swamp group of habitats from Group 
III (cedar/willow/carex swamp) habitat. Spider species again had the most influence on this 
division. The relatively wet and open canopy habitats of bogs, willow/carex swamps, and 
willow/spiraea swamps were represented by indicator species including Pirata piraticus, 
Pardosa moesta Banks, and the beetle species, Agonum brevicolle Dejean . Group III 
(cedar/willow/carex swamp) habitat separated from the others at this level based on the 
abundance of 2 spider species, Pardosa dorsuncata Lowrie & Dondale and Cybaeus eutypus 
Chamberlin & Ivie. At the third division level, bogs (Group I) separated from swamp habitats 
(willow/carex and willow/spiraea, Group II) by the presence of the heteropteran species, 
Micracanthia quadrimaculata (Champion), at bog sites. 

In the lower half of the dendrogram in Figure 12, gravel bars (Group VI) were separated in the 
second division from the other habitats based on the presence of the large lycosid spider, 
Pardosa lowriei Kronestedt, which was unique to and common in gravel bar habitat. In the third 
division, alder swamp and maple thicket habitats (Group IV) were separated from the two 
forested habitats (Douglas fir and cedar/hemlock - Group V). Two beetle species, Proteinus 
collaris Hatch and Tachinus crotchii Horn (both staphylinids) were indicators for Group IV 
habitats. The abundance of the large carabid beetle, Scaphinotus angusticollis Mannerheim, at 
Group V forested sites separated this group from Group IV. 
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Beetle Taxa, 1995 

The dendrogram representing TWINSPAN (75% or greater site fidelity classifications) of the 9 
habitats by beetle assemblages, collected during 1995, formed 4 groups after 3 divisions (Figure 
13). Gravel bars (Group I) were immediately separated in the first division by the presence of 
abundant species including one anthicid (Eurygenius campanulatus LeConte) and two elaterids 
(Cardiophorous propinquus Hatch and Limargus funebris Candeze). These indicator species 
were only found in gravel bar habitat (LaBonte 1998). The eight remaining habitats were 
separated into two groups of which the generally wet habitats, with more open canopies, formed 
Group II (cedar/willow/carex, bog, willow/carex, willow/spiraea). The abundance of the beetle 
Reichenbachia albionica Motschulsky (Staphylinidae) separated this group from the other four 
habitats which were represented by indicator beetle species including two carabids, one 
staphylinid, and one curculionid (Figure 13). 

Groups III and IV were separated at the third division level (Figure 13). Group III included 
habitats with high canopy cover and moist to wet soils (maple thicket and alder swamp) and 
Group IV included Douglas fir and cedar/hemlock forest habitats that also had high canopy 
cover, but exhibited drier soil condition. Indicator species for separation of these two groups 
was the same as in Figure 12, using all taxa from 1995. 

In summary, classification using beetles only resulted in 4 groups where site fidelity was greater 
than 75%. Three groups were in common with the TWINSPAN dendrogram produced by using 
all taxa (Figure 12). The group formed by wetter and more open habitats (cedar/willow/carex, 
bog, willow/carex, willow/spiraea habitats) was split into 3 separate groups when all taxa were 
used in analysis (Figure 12). 

Spiders, True Bugs, and Ants, 1995 

Use of only spider taxa in the TWINSPAN analysis produced just 3 groups, with only 2 indicator 
species (Figure 14). The first division separated the wet, open canopy habitats 
(cedar/willow/carex, bog, willow/carex, willow/spiraea) from the others by the abundance of 
Pirata piraticus in these habitats. The other two groups were separated by Pardosa lowriei, 
which was abundant and common at gravel bar sites, but not in any other habitat. All groups met 
the 75 % site fidelity objective by the end of the second division. 

TWINSPAN analysis was also attempted using taxa representing only true bugs and ant taxa 
only. Results were unsuccessful because of the low number of species and individuals in these 
data sets. 

All Taxa, 1995 and 1996 Combined 

A TWINSPAN dendrogram representing all taxa from combined 1995 and 1996 samples of the 5 
re-sampled habitats is shown in Figure 15. Although this analysis only represents 5 of the 9 
habitats, it is a more robust approach, being derived from nearly twice the sample size and 
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incorporating the interannual variation occurring between the two years of the study. Four 
groups were formed, all with site fidelity greater than 92% (Figure 15). The groups formed in 
this analysis, with the exception of the absence of unsampled habitats, were similar to groups 
formed by the TWINSPAN analysis of just 1995 data alone using all taxa (Figure 12). 

The distribution and abundance of spider species among the habitats was the major factor 
separating groups in the first two divisions. Pardosa lowriei separated gravel bar habitat from all 
of the other sites in the first division (Figure 15). Sites without P. lowriei were then 
separated in the second division based on the abundance of agelenid spiders (Cybaeus spp. in 
sites with higher canopy cover - alder swamps, Douglas fir and cedar/hemlock forest sites) and 
lycosid spiders (Pirata piraticus and Pardosa moesta in willow/carex swamp). In the third level 
of division, differences in the abundance and distribution of several beetle species were 
important in separating forested habitats (Group III) from the alder swamp habitat (Group U). 

Non-Metric Multidimensional Scaling 

All Taxa, 1995 

Two dimensions were adequate to describe the 1995 data of all taxa (ants, spiders, beetles, and 
true bugs) in Non-Metric Multidimensional Scaling (NMDS) shown in Figure 16. The final 
stress value of the analysis was 18.35%). The TWINSPAN Groups separated well when plotted 
(Figure 16). Groups I (bog habitat) and II (willow/carex and willow/spiraea habitats) were 
similar in ordination space. There was no separation along the first axis, and only poor 
separation along the second axis for Groups I and II. Group III (cedar/willow/carex habitat) was 
distinct, and separated from Groups I and II, and Groups IV (alder swamp and maple thicket) and 
V (Douglas fir and cedar/hemlock forest) along the first axis, and from Group VI (gravel bars) 
along the second axis. Group VI was the most distinct group, separating from the other groups 
strongly along the second axis. 

All Taxa, 1995 and 1996 Combined 

A NMDS ordination was also used to evaluate the relationships between the 5 habitats sampled 
in both 1995 and 1996. Using all taxa (ants, spiders, beetles, and true bugs) a two-dimensional 
NMDS ordination adequately described the data (stress 18.04%). The TWINSPAN Groups 
separated along both axes (Figure 17). Gravel bar habitat (Group IV), as in the ordination for all 
9 habitats from 1995 (Figure 16), separated distinctly from the other groups. 

Soil Attributes of TWINSPAN Groups 

Table 9 summarizes the soil attributes of the six TWINSPAN Groups derived from 1995 data 
including all taxa, from all 9 habitats. Groups I, II, and III had the highest frequency of sampling 
sites classified as wet. The driest sites were found in Groups V and VI. The groups followed a 
moisture gradient of I, III, II, IV, V, VI, arranged in order of decreasing moisture. 
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G r o u p II - w i l l ow /carex 
and w i l l ow /sp i raea 
s w a m p 

G r o u p I -
s p h a g n u m b o g 

G r o u p IV - alder 
s w a m p and maple 
th icket 

G r o u p III -
cedar /w i l l ow /carex 
s w a m p G r o u p V -

Doug las fir and 
cedar /hemlock 
forest 

-1.5 -1.0 -0.5 
AXIS1 

0.0 0.5 1.0 

Figure 16. NMDS ordination of Big Beaver Creek riparian habitats (AS-alder swamp, AT-maple 
thicket, B-sphagnum bog, G-gravel bar, PF-Douglas fir forest, SC-willow/carex swamp, SS-willow/spiraea 
swamp, TC-cedar/willow/carex swamp, TT- cedar/hemlock forest) by arthropod assemblages (ants, 
beetles, spiders, and true bugs) collected in pitfall traps during 1995. TWINSPAN groups I-VI 
are outlined. 
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Figure 17. NMDS ordination of Big Beaver Creek riparian habitats (AS-alder swamp, 
G- gravel bar, PF-Douglas fir forest, SC-willow/carex swamp, TT-cedar/hemlock forest) by 1995 
and 1996 arthropod communities (July-October pitfall trap collections of ants, 
beetles, spiders, and true bugs). TWINSPAN groups I-IV are outlined. 
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Four soil types were identified at the sampling sites. There was a general trend of increasing 
inorganic soils and decreasing organic soils going from Group I to Group VI. Peat was found at 
a high frequency of sites in Group I (primarily bog sites), and low frequency in Groups II, and III 
Organic debris and litter was found in a high frequency of sites in Groups II, III, and V, in a few 
sites in Group IV, and in none of the sites in Group VI (Table 9). Clay and sandy loam soils 
were found in all but Groups I and II. Sand and rock were found only at sites in Group VI. 

Site Attributes of TWINSPAN Groups 

Site attributes for TWINSPAN Groups are summarized in Table 10. In general, similarities in 
site attributes among groups corresponded to their position in species-ordination space. For 
example, Groups I (bog) and II (willow/carex and willow/spiraea swamps) were closely related 
in ordination space (upper left corner of Figure 16) and had very similar values for site attributes. 
These 2 groups had low values for coarse woody debris (CWD), tree basal area, and canopy 
cover; high values for percent herbaceous plant cover; and low to moderate values for % shrub 
cover (Table 10). In contrast, Groups IV (alder swamp and maple thicket) and V (Douglas fir 
and cedar/hemlock forests) were located at the other end of the gradient, along Axis 1 of the 
ordination plot (Figure 16). High to moderate values for site attributes of Groups IV and V 
replaced the low values found for Groups I and II. Site attributes of Group III 
(cedar/willow/spiraea swamps), located in between Groups I-II and Groups IV-V along Axis 1 of 
the ordination plot, had values intermediate between those for the groups on either end of the 
ordination plot. 

Site Attribute Correlations and Ordination Biplots 

Table 11 presents the Spearman rank correlation coefficients between site attributes, and with 
NMDS ordination axes scores. Coarse woody debris (CWD), % herbaceous plant cover, % 
canopy cover, and soil moisture had the most strong correlations (>.5 or <-.5) with other site 
attributes. Soil moisture correlated with % herbaceous cover (-.63), CWD and soil type (.61), 
and % canopy cover (-.51). In addition to soil moisture, % canopy cover also correlated with 
tree basal area (.77), CWD (.69), and % herbaceous plant cover (-0.52). Strong correlations were 
also observed between % herbaceous plant cover and soil type (-.74), and between CWD and 
tree basal area (.68). 

Correlations between site attributes and NMDS ordination axes scores (1995 data for all 9 
habitats - Figure 16) are also shown in Table 11. Axis 1 had a positive correlation with CWD 
(.71), tree basal area (.72), % canopy (.91), and negative correlation with % herbaceous plant 
cover (-.61). Soil moisture and soil type were also correlated with axis 1 (.59 and .52, 
respectively). Axis 2 had a negative correlation with soil moisture (-.62). 

Figure 18 presents NMDS ordination biplots of site attributes color-coded for habitats. The 
biplots illustrate graphically, gradients along the ordination axes. For example, NMDS 
ordination axis 1 shows a strong canopy cover gradient, supported by the strong Spearman rank 
coefficient between axis 1 ordination scores and percent canopy cover (Table 11). Other 
correlations between site attributes and NMDS axes, from Table 11, are graphically illustrated in 
Figure 18. 
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Figure 18. NMDS ordination biplots of site environmental attributes and habitat types 
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carex swamp, SS-willow/spiraea swamp, TC-cedar/willow/carex swamp, TT-cedar/hemlock forest). 
Ordinations derived from arthropod communities collected in pitfall traps during 1995, 
Big Beaver Creek, North Cascades National Park Complex. 
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Arthropod Sampling Summary Statistics by TWINSPAN Groups 

A summary of sampling statistics for the 6 TWINSPAN Groups ordinated from the 1995 data 
including all taxa (ants, spiders, beetles, and true bugs) is contained in Table 12. The highest 
adult individual capture rates occurred at sites in Groups II and VI and lowest at Group V. The 
highest species richness was found in Groups IJT and IV, however Group VI had the highest 
species capture rate when standardized on sampling effort. Species capture rates were lowest for 
Groups II and V. Percent singleton values for all groups ranged between 33 and 49%, and were 
similar to the range of values found for individual habitats (Table 6) comprising the TWINSPAN 
Groups. 

Table 12. Sampling Summary Statistics for TWINSPAN Groups. Sampling summary statistics 
of all taxa by 1995 TWINSPAN Groups (without outlier samples). 

Groups GRP I GRP II GRP III GRP IV GRP V GRP VI 

(Habitats) (B) (SC/SS) (TS) (AS/AT) (PF/TT) (G) 

No. of Samples 36 68 56 60 69 40 

No. of Adults 841 2896 1379 1420 1360 1681 

Observed Richness 65 104 121 132 103 93 

No. of Singletons 32 39 40 48 43 38 

% Singletons 49.2 37.5 33.1 36.4 41.7 40.9 

Sampling Intensity 
# adults per species 12.9 27.8 11.4 10.8 13.2 18.1 

Capture Rate - Species 
# species/100 trap-days 6.0 5.1 7.2 7.3 5.0 7.8 

Capture Rate - Individuals 
# adults/100 trap-days 78 142 82 79 66 140 

Indicator Species Analysis 

Dufrene and Legendre (1997) proposed the use of a species Indicator Value index for identifying 
indicator species and species assemblages characterizing groups of sites. The index is based on 
only within-species abundance (% relative abundance) and occurrence (% frequency of 
occurrence) comparisons, without any comparison among species. The index reaches its 
maximum (100) when all individuals of a species are found in a single habitat type and when the 
species occurs in all sites of that habitat type. Relative abundance (RA), Relative Frequency 
(RF), and Indicator Values (IV) for important taxa (IV value > 40) by TWINSPAN groups 
ordinated from data collected during 1995, are shown in Table 13. 
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Gravel bars (Group VI) had the greatest number of indicator species with 11 species having 
indicator values of 40 or greater (Figure 13). All of these species could be considered as gravel 
bar habitat specialists, as they were almost exclusively found in gravel bar habitat (RA values of 
97 to 100, Figure 13). Indicator species at gravel bars were represented by a range of taxa 
including 4 species of elaterid beetles, 1 species of anthicid beetles, 2 species of carabid beetles, 
1 species of staphylinid beetles, 2 ant species, and 1 species of lycosid spiders. 

Only 3 indicator species were found at Group I sites (primarily bog habitat). The heteropteran, 
Micracanthia quadrimaculata, was found at all of the Group I sites and had the highest Indicator 
Value score (IV=90, Figure 13). 

The number of indicator species found in Groups II-V ranged from 4 to 6 (Figure 13). Species 
with strong preferences (IV value > 70) for particular habitat groups included Pardosa moesta in 
Group II, Proteinus collaris in Group IV, and Scaphinotus angusticollis in Group V (Figure 13). 
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Discussion 

Abundance, Species Richness, and Diversity 

Arthropods are sufficiently abundant in riparian habitats along Big Beaver Creek for effective 
monitoring, as demonstrated by pitfall trap data. The average trap capture rate (99 adult 
arthropods per 100 trap-days) illustrates the magnitude of arthropod abundance in the sampled 
habitats, and effectiveness of pitfall traps for sampling natural communities. The traps were 
especially effective at capturing beetles, the most abundant arthropods in our traps. The average 
number of adult beetles captured per 100 trap-days (49) is compares to capture rates from other 
studies. Brenner (2000) reported an average trap capture rate of only 31 beetles/100 trap-days in 
riparian habitat in the western Cascades of Oregon, and Spence et al. (1996) captured an average 
of 49 beetles/100 trap-days in boreal forests in Eastern Canada. 

Species richness is an important indicator of the overall biological diversity in an ecosystem. 
Four hundred forty-eight species of beetles, spiders, ants, and true bugs were collected. This is a 
relatively low number of species compared to other sites that have been more completely 
sampled. For example, more than 3,400 species of arthropods have been collected from the H.J. 
Andrews Experimental Forest in the western Cascades of Oregon (Parsons et al. 1991). 
However, this is the first study in the Big Beaver Creek Research Natural Area, which was 
focused on primarily ground-dwelling arthropod assemblages in riparian habitats, and used only 
one method of capture. The Andrews Forest study has been conducted over many years utilizing 
a wide variety of arthropod sampling methods. The complete diversity of the Big Beaver Creek 
Research Natural Area remains to be determined. 

Exhaustive sampling and accurate measurement of species richness is a goal of community 
ecology studies. Sampling is exhaustive when all species are represented by many individuals, 
or when species accumulation curves reach asymptotes (Coddington et al. 1996). Species 
richness estimates of Big Beaver Creek riparian habitats were almost certainly underestimated 
because singletons were a large proportion of the communities and richness accumulation curves 
failed to reach asymptotic levels (Tables 6, 7 and Figure 3). Furthermore, only a single sampling 
method was utilized, which generally excluded non-pitfall susceptible species (i.e., aquatic and 
canopy inhabitants). 

It is difficult to know the true species richness of a habitat without long-term monitoring 
(Coddington et al. 1996). There are often large variations in arthropod populations from year to 
year and many species commonly appear as singletons (Wolda 1978). Tourist or waif species 
also sometimes appear in low abundance, but are not permanent members of the community 
(Coddington et al. 1996). Algorithms have been developed for estimating species richness from 
community samples that take these factors into consideration (Ibid.). These estimates are often 
used for land-use decisions at local levels. 

While actual species accumulation curves did not reach asymptotes (Figure 4), Chaol and Chao2 
calculated estimates did (Figure 5 and 6) for one of the 5 habitat types sampled during both 
years. According to this algorithm, the species richness is estimated to be over 200 in the 
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willow/carex swamp habitat group, where only 143 species were actually observed. However, 
the Jackknifel species richness estimate for this habitat did not reach an asymptote (Figures 7). 
The lack of similar results obtained from several species richness estimating methodologies 
provides little confidence that species richness estimates are accurate (Coddington et al. 1996). 
Accumulation of information through a long-term inventory and monitoring program, using 
various methods of capture, will provide better inferences about the actual species richness of the 
sampled habitats. 

Indices of diversity have also been used to monitor biotic communities. The diversity of plant, 
bird, insect, and many other communities has been studied in habitats around the world (e.g., 
MacArthur and MacArthur 1961, Murdoch et al. 1972, Coulson et al. 1971). Hairston (1959) 
was one of the first to apply diversity analysis to soil micro-arthropod communities. Since then, 
soil biologists have often included arthropod diversity descriptions in their studies. 

Diversity accumulation curves for most habitats approached asymptotes with moderate amounts 
of sampling effort. Shannon and Simpson diversity value curves leveled off halfway through 
the study (Figure 9 and 11). The general agreement of three diversity indices indicates that 
diversity may have been accurately estimated. Monitoring long-term changes in community 
diversity via diversity indices has been recommended as a useful method for large-scale 
environmental change (e.g., Cooperrider et al. 1986, Peters and Lovejoy 1992, Marshall et al. 
1994). Fine-scale habitat differences are more difficult to detect and require important 
information about species composition not included in diversity index calculations. This 
information is best analyzed using multivariate techniques (Brenner 2000). 

Classification and Ordination 

Multivariate classification of community data is frequently applied in ecological work. The goal 
is to classify groups of habitats using species that occur in those habitats. The inferences are 
used to make land use and management decisions, and to assess the impacts of pollution, fire, 
and other natural and man-made disturbances. An additional use in this study was to investigate 
the application of classification methods for delineating sampling strata to assist in design of 
future monitoring programs. This was accomplished by subjecting the a priori classification of 
site groups (by habitat types) to multivariate classification allowing the biological data to 
separate groups of sites for future analyses. Classification of habitats into categories requires 
sophisticated mathematical techniques, and multivariate methods have become more popular 
since the availability of desktop computing. A multivariate approach is useful because 
individual parameters considered in isolation are rarely adequate to address questions of interest 
(Gauch 1982). 

TwoWaylndicatorSpeciesAnalysis TWINSPAN 

Hill (1979) developed TWINSPAN, and standard techniques for application were adopted as the 
method became popular in ecological studies (Pielou 1977). The method has been applied to the 
analysis of community data using several major taxonomic groups, including plants, small 
mammals, amphibians, as well as arthropods (Moss et al. 1987, Wright 1995, Dufrene and 
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