
AN ABSTRACT OF THE THESIS OF

Gregory J. Brenner for the degree of Doctor of Philosophy in Entomology
presented on February 15, 2000. Title: Riparian and Adjacent Upslope Beetle
Communities along a Third Order Stream in the Western Cascade Mountain Range,
Oregon.

Abstract approved:
John D. Lattin

Monitoring wildlife habitats has become important to forest ecosystem

management because it provides valuable information about the response of forests

and their species to harvest practices, impacts from recreational use, conservation

efforts, and natural and human-caused disturbances. Monitoring is a complex task

that requires a variety of abiotic and biotic measurements and decisions about what

should be measured, and when and where measurements should be taken. Riparian

habitats contain unusually high diversity and are important to land managers.

Wildlife assessments of riparian areas have focused on vertebrate species such as

amphibians, birds, and mammals, but have largely ignored the arthropod

components of the habitats. Arthropods constitute over 85% of all species and

posses characteristics that make them valuable for tracking environmental changes.

The purpose of this study was to gather site-specific data about epigaeic, riparian

beetle community composition of the H.J. Andrews Experimental Forest (HJA).

The patterns of beetle distribution, abundance, and diversity were analyzed and the

results were used to characterize and compare the riparian and adjacent upslope

beetle communities. Almost 8,000 beetle specimens representing about 250

species were collected from 141 pitfall traps placed along 10 transects in 3 different



channel morphologies along Lookout Creek in the HJA. Traps were opened during 

six 30-day sampling periods over 2 years. Riparian and adjacent upsiope beetle 

communities had high diversity measurements. The average difference of the 

calculated Simpson's Diversity Index between the two communities was 0.0116 

and represented about 1% of the average riparian diversity. Analysis of species-

curves indicated that the riparian habitats contained a higher total number of 

species. Multivariate Principal Coordinate Analysis indicated that the two habitats 

had distinctly different beetle communities. Multigroup Discriminant Analysis 

correctly classified 89.7% of the sampling units as the habitat group into which 

they were assigned a priori. Detailed recommendations for monitoring riparian 

habitats were discussed. 
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Riparian and Adjacent Ups lope Beetle Communities
	
along a Third Order Stream in the
	

Western Cascade Mountain Range, Oregon.
	

Introduction 

Monitoring of wildlife and wildlife habitats has become important to forest 

ecosystem management because it provides valuable information about the response 

of forests to harvest practices, the impact from recreational use, and other 

disturbances. On public lands, monitoring has become the statutory responsibility of 

land management agencies like the U.S. Bureau of Land Management, the U.S. 

National Park Service, and the U.S. Forest Service. Monitoring is a complex task 

that requires a variety of abiotic and biotic measurements and decisions about what 

should be measured and when and where measurements should be taken. 

Habitats with unusually high biological diversity, such as riparian zones, are 

important to land managers, and are among the most difficult to monitor. 

Environmental assessment of riparian areas has focused on vertebrate species such 

as amphibians, birds, and mammals (e.g., Hunter et al. 1987, Gomez and Anthony 

1996, Black et al. 1976). Arthropods constitute over 85% of all species (Pimentel 

et al. 1992, Asquith et al. 1990) and possess characteristics that make them valuable 

for tracking environmental changes (Frietag et al. 1973, Pearson and Cassola 1992, 

Niemela et al. 1993, Didham et al. 1996). They are recognized as reliable indicators 

of the condition of aquatic and terrestrial ecosystems because the patterns of 
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arthropod species distribution and abundance are determined by ecological factors 

and are influenced by perturbation (Watson et al. 1982, Brown 1991, Nelson and 

Andersen 1994, New 1993, Samways 1994). Beetles are the most diverse group of 

arthropods (Downie and Arnett 1996). Some groups of insects make ideal probes 

for fine-scale investigations of environmental change because so much is known 

about their taxonomy and their role in ecological processes (Pearson and Cassola 

1992, Ruzicka and Bohac 1993, Rykken et al. 1997, Spence et al. 1997). However, 

forest ecologists have acquired only rudimentary knowledge of beetle assemblages 

in the Pacific Northwest. 

The purpose of this study was to gather site-specific data about the 

composition of the epigaeic, riparian beetle community of the 1-1.1 Andrews 

Experimental Forest and to characterize and compare the riparian and adjacent 

upslope beetle communities. The patterns of beetle distribution were used to 

develop recommendations for a riparian monitoring plan using beetle communities in 

the Western Cascade Range of Oregon: 

The forests of western Oregon are part of a larger Western Coniferous 

Forest Biome that extends along the Pacific Coast from Alaska to Northern 

California. The region is dominated by large, long-lived Douglas fir (Pseudotsuga 

menziesii (Mirbel) Franco), western hemlock (Tsuga heterophylla (Raf) Sarg.), and 

western redcedar (T7mjaplicata Donn). The present Western Coniferous Forest 

flora has essentially been established for 1.5 million years (Waring and Franklin 

1979). Before that, deciduous hardwoods dominated the region for 18 to 28 million 
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years (Chaney 1948, Axelrod 1958, Wolfe 1978). The shift to coniferous 

dominance was probably due to a shift to climatic conditions similar to those that 

exist today (Waring and Franklin 1979). 

Mild, wet winters and warm, dry summers are characteristic of the Pacific 

Northwest. Annual precipitation is between 1500 and 3000 mm, only 10 % of 

which falls during the summer growing season. Fog and cool maritime air can 

reduce evapotransporation during summer droughts. Annual temperatures in 

western Oregon average 8° to 9°C without winter or summer extremes. Average 

January minimum temperatures are 3° to 4°C and average July maximums are 16° to 

19°C (U.S. Weather Bureau 1965). The climate is more favorable to conifers than 

to deciduous hardwoods and helps bring about the dominance of conifers in the area 

(Waring and Franldin 1979). The infrequency of violent storms like typhoons and 

hurricanes has allowed trees to reach over 80 m high (Fujimori 1971). 

The Oregon Cascade Range has the greatest accumulation of biomass in the 

temperate zone (Waring and Franldin 1979). In undisturbed areas, coniferous trees 

reach 50 to 75 m high and occur in dense stands with some trees more than 500 

years old (Fujimori 1971). Several hardwood taxa are also present in these forests 

(e.g. Acer L., Almis Mill., Castanopis (D. Don) Spach, Lithocarpus Blume, Populus 

L., Ouercus L., and Salix L.), but conifers represent the 25 dominant tree species. 

Over the entire region, conifer biomass is 1000 times that of deciduous hardwoods 

(Gessel 1971). Average plant biomass is 1070 ton/ha and is very large compared to 

maximum values of 422, 575, and 415 ton/ha for temperate deciduous, temperate 
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evergreen hardwood, and tropical forests respectively (Franklin and Dyrness 1984). 

The large biomass accumulation is due to sustained growth of long-lived trees and 

high productivity (Fujimori 1971). At the most productive sites, conifer biomass 

accumulates at a rate of 36.2 ton/ha annually (Grier and Logan 1977). In 

comparison, annual production in temperate deciduous forests reaches a maximum 

of 24 ton/ha (Art and Marks 1971). 

In Oregon, the Cascade Mountain Range consists of two parallel mountain 

provinces, the High Cascades and the Western Cascades. The two are divided by 

north-south stretches of the Clackamas, North Santiam, and McKenzie Rivers. The 

Western Cascade Range in Oregon consists of 1,200 1,700 m (4,000 - 5,600 ft) 

high ridges standing between valleys cut by streams and glaciers into volcanic 

substrate. Soils are moderately deep and have medium acidity with well-developed, 

aggregated and porous surface horizons. Soil depth reaches 15 cm in high 

elevations and organic content is moderate. Franklin and Dyrness (1984) presented 

an excellent review of the soils in each of the major vegetation zones of the Cascade 

Range in Oregon and Washington. 

Oregon's western coniferous forests encompass a diversity of forest 

ecosystems that vary in environment, composition, structure, and productivity 

(Franklin et al. 1981). Major disturbances like fire, wind, disease, insects, landslides, 

and windthrows create a mosaic of terrestrial environments and habitats across the 

landscape (Lattin 1990, 1993a, Swanson et al. 1990, Wallin et al. 1996). 
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Pacific Northwest forests abound with a diversity of habitats. Abundant 

coarse woody debris (CWD), in the form of snags and downed logs, provides 

numerous habitats for forest organisms, creates seed germination sites, serves as 

moisture reserves during summer drought, and adds favorable structure to the soil 

(Maser and Trappe 1984, Harmon et al. 1986, Maser et al. 1988, Spies and Cline 

1988, Harmon et al. 1990, Harmon 1992). A thick, complex litter layer contributes 

to forest structural diversity and provides habitat for numerous ground-dwelling 

animals (Franklin and Dyrness 1984, Lattin 1990, 1993a, Moldenke 1990). Also, 

the great diversity of aquatic habitats are intimately linked with adjacent terrestrial 

communities. 

Bogs and seeps are home to numerous plants and animals, and the forest 

canopy is alive with the activity of birds and insects. Thousands of mites, beetles, 

centipedes, pseudoscorpions, springtails, and spiders live in the soil under a square 

meter of forest (Evans 1968, Moldenke 1990). Crawling on the ground amid 

numerous species of mosses and fungi are scores of invertebrates that recycle 

nutrients and perform other important ecological roles. Even in the water-filled 

interstices in the ground near streams and lakes, a wide variety of hyporheic insects 

and other related arthropods such as mites and crustaceans (e.g. copepods, 

ostracods, cladocerans, and amphipods) live unseen, secret lives (Williams 1984). 

Plant diversity is high in western Oregon forests. Mature forests have lush 

understories with dense growths of shrubs, herbs, and ferns. Hitchcock and 

Cronquist (1973) listed 3,280 species of flowering plants in 127 families known 
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from the Pacific Northwest. Four hundred sixty species occur in the H.J. Andrews 

Experimental forest (HJA) (Franklin and Dyrness 1971, Asquith et al. 1990). 

Scientists have studied the forest plant communities in the western Cascade 

Mountain Range in detail in many locations. Twenty-three communities were 

recognized in two distinctive forest zones in the central portion of the western 

Cascade Range in Oregon alone (Dyrness et al. 1974). Details of the vegetation and 

the attributes of the forest plant communities have been described by Dyrness, 

Franklin and Moir (1974), Franklin (1979) and Waring and Franklin (1979). 

More than 400 species of birds, fish, mammals, and reptiles breed or forage 

within mature forests in the Pacific Northwest (USDA 1988). Forty-seven species 

are thought to be dependent or closely associated with old, undisturbed forests 

(Wilcove and Olson 1993). A large amount of attention has been given to the status 

and ecological needs of the Northern Spotted-Owl and led to the 1993 Forest 

Conference in Portland, Oregon. The resulting Record of Decision (ROD) 

mandated an ecosystem approach to forest management in Spotted-Owl habitat 

(USDA 1994a). Although the ROD recommended that general regional surveys be 

conducted of four classes of arthropod, little new information has been gathered. 

The greatest diversity in the coniferous forests lies with invertebrates. A 

square meter of forest floor can be home to tens of thousands of individual mites, 

beetles, centipedes, pseudoscorpions, springtails and spiders, some of which are 

undescribed (Evans 1968, Moldenke 1990). The actual number of invertebrate 

species in western Oregon forests is difficult to estimate accurately because of the 
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lack of adequate surveys. Danks and Foottit (1989) estimated that about 22,000 

species of insects inhabit Canada's boreal forests. Over 3,400 species of arthropods 

are known from HJA (Parsons et al. 1991, Lattin 1993a). These species represent 

almost 85 percent of all species of organisms known to occur at this site (Asquith et 

al. 1990). 

The richness of arthropod species in Oregon coniferous forests suggests that 

they are responsible for a large number of ecological processes. Arthropods are the 

basic consumers on the forest floor where they ingest and process massive amounts 

of organic litter and debris. Studies have found up to five times more species and 

twice as many functional groups of arthropods in old, undisturbed forests compared 

to regenerating Douglas fir stands (Schowalter 1989, 1995). The ecological roles of 

many of these arthropod species are undiscovered. 

Clearly, forests in the Pacific Northwest are more than a collection of trees 

and are as complex as they are beautiful. Management of these forests has changed 

from primarily timber production to a focus on multiple uses and conservation. 

Fragmentation of forests and habitats has become a major issue in forest 

management in recent years (Harris 1984, Rosenberg and Raphael 1986, Franklin 

and Forman 1987, Lehmkuhl et al. 1991, Saunders et al. 1991). Over the last 50 

years, harvest on public forestland in the Pacific Northwest has used a dispersed-

cutting system, scattering 10-20 ha clearcut units across the forest landscape (Spies 

et al. 1994, Wallin et al. 1994). Consequently, coniferous forests have been broken 

into a mosaic of young plantations, mature forests, and non-forested lands. While 
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the intent of dispersed-cutting management systems was to mimic natural 

disturbance regimes, encourage forest regeneration from adjacent stands, facilitate 

fire management, create early-seral habitat, and dissipate hydrologic and sediment 

production effects of clear cut areas (Smith 1985, Wallin et al. 1994), the result has 

been a loss of habitat for some species and reduced quality of habitat for others 

(Harris 1984, Lovejoy et al. 1984, Franldin and Forman 1987, Simberloff 1993a). 

Simberloff(1993b) called fragmentation of forest ecosystems the major 

environmental change occurring today, and one of the most likely to reduce 

biological diversity and disrupt ecological processes in the near future. Concerns 

about the health of forest ecosystems have made forest fragmentation a high-priority 

research topic (Lubchenco et al. 1991, Soule 1991). 

Management of forests for timber production has changed the appearance of 

forest landscapes. Large areas of forested land have become young conifer 

plantations in various stages of development, often dominated by early successional 

deciduous shrubs and trees. In the Pacific Northwest, the percentage of land with 

conifer forest has declined from 71 to 58 percent between 1971 and 1988 (Spies et 

al. 1994). Existing young managed stands lack the habitat characteristics found in 

similar-aged unmanaged stands (Spies and Franklin 1991). The number and volume 

of large snags and logs is lower in managed plantations (Spies and Cline 1988). 

Traditional management left fewer tree species, uniform tree sizes and spacing, and 

no remnant overstory trees (Spies 1991, Spies and Franldin 1991). Changes in 

forest habitats have been blamed for the decline of the northern spotted owl (Strix
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occidentalis caurina), marbled murrelet (Brachyramphus marmoratus), and other 

old-growth associated species (Gutierrez and Carey 1985, Thomas et al. 1990, 

Johnson et al. 1991, Ruggiero et al. 1991, Noss 1993). 

Timber harvest has increased the proportion of edges on forest landscapes. 

The "edge effect".(Moore 1962, Williamson 1975) can increase biological diversity 

locally, but may decrease biological diversity regionally. Species that occur in edges 

are often non-indigenous and are frequently common elsewhere. Forest interior 

species do not tolerate habitat change, and their populations often decline with 

increased fragmentation (Simberloff 1994). Increasing the proportion of edges 

alters microclimates within forest interiors (Hutchenson and Matt 1977, Ramey et 

al. 1981), which determines the distribution of sensitive species (Simberloff 1994). 

Edges also disrupt the competitive interactions between species and encourage the 

establishment of non-indigenous species (Wilcove et al. 1986, Noss 1992, Chen et 

al. 1992). Change in and composition of forest communities caused by increased 

edges in managed forests have led to a loss of regional biological diversity in the 

Pacific Northwest (Harris 1984, Odum and Turner 1990, Lattin 1994, Schowalter 

1995). 

The size and spatial isolation of remnant forest fragments have also 

influenced biological diversity of forests (Lovejoy et al. 1984, Haila and Hanski 

1984, Wilcove et al. 1986). The size of the remnant fragment can define the suite of 

resident species. The distribution of ant species, for example, was determined by the 

fragment size in old forests (Punttila 1996). Population size decreased with
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fragment size, increasing the probability for local extinction. Biological diversity 

also decreased with fragment size. Remnant fragment isolation limits the genetic 

population structure of some species. Dongen et al. (1994) found the genetic 

variability of the winter moth (Operophtera brumata L.) was related to isolation and 

area of woodland fragments and declined with decreasing fragment size. Females of 

this species are flightless, and gene flow depended on males flying between forest 

patches. 

The scale of fragmentation also influences species interactions. For example, 

the proportion of forested to unforested land and the size of remnant forest 

fragments influences the parasitism rate of caterpillars. Insect parasitoid species 

respond to forest structure at different spatial scales, and the ability of parasitoids to 

respond to host density is affected by the distance to next patch and the size of 

patches. Larger parasitoid species can colonize isolated smaller sections of forest, 

but smaller parasitoid species may not easily move between isolated forest 

fragments. If fragments are not well connected or if they are too far apart, the result 

may be more outbreaks of pest caterpillars (Roland and Taylor 1997). 

Maintenance of biological diversity depends on proper management of 

remaining forests. While limited paleontological evidence of the major extinction 

events in Earth's past provides us with few clues to explain the patterns of species 

loss today, fossil evidence does reveal that species survival ofmass extinction was 

not random (Daily and Ehrlich 1996). Taxa with the greatest geographical 

distribution had a survival advantage because of a greater likelihood of encountering 
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refuge. Current ecological theory and experimentation suggests that species 

survival depends on dispersal ability among habitat fragments (MacArthur and 

Wilson 1967, Lomolino et al. 1989, Tilman et al. 1994, Hanski et al. 1995). Forest 

fragmentation has limited the dispersal of many species and increased the probability 

of their extinction (Faeth and Kane 1978, Toft and Schoener 1983, Klein 1989). 

This has raised serious concerns about traditional forest management practices and 

has led to a development of alternative management actions (e.g., Perry et al. 1989a, 

Swanson and Franklin 1992). 

Several alternative actions to mitigate the effects of fragmentation on forest 

habitats have been proposed. They include: 1) creating a network of large (20,000 

to 50,000 ha) reserves (Thomas et al. 1990, Noss 1993); 2) longer rotation lengths 

(Johnson et al. 1991); 3) adopting a more aggregated distribution of cuts (Franklin 

and Froman 1987, Johnson et al. 1991, Swanson and Franklin 1992, Li et al. 1993); 

and 4) use of corridors of connectivity between remnant fragments (Diamond 1975, 

Wilson and Willis 1975). The consequences of these actions have been reviewed 

elsewhere (Simberloff 1993a, Saunders et al. 1991). 

The most highly publicized of these methods is corridors of connectivity 

(Hunter et al. 1988, Hussey et al. 1990, Mann and Plummer 1993). Strips of native 

vegetation or habitat that connect otherwise isolated forest fragments are thought to 

be a viable solution to forest fragmentation because they will allow the movement of 

species between fragments. An important habitat is the riparian zone, lying at the 

sometimes-contentious interface between forestry and fisheries management
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(Swanson and Franklin 1992). Dendritic in distribution, riparian zones have been 

recognized as crucial because of their position as sites of connectivity between 

aquatic systems and adjacent upslope forests (Meeham et al. 1977, Gregory et al. 

1991, Beschta 1991) and because of their use by more than 400 wildlife species in 

Oregon (Oakley et al. 1985). They have a unique assemblage of plants and animals 

and encompass a diversity of landforms and microenvironments. Riparian zones are 

often defined in terms of the ecological functions they perform, such as providing 

shade to aquatic systems and regulating sediment and organic debris entering 

streams from adjacent upslope forests. Although they occupy only a small 

proportion of the landscape, riparian areas have been called one of the most critical 

habitats in Pacific Northwest forests, and are in need of further study (Gregory et al. 

1991). 

There is considerable variation in the structural and biological components of 

riparian zones. Aspect, topography, soil type, hydrologic regime, and elevation 

contribute to the variation in riparian zone morphology (Thomas et al. 1979b, 

Swanson et al. 1982, Gregory et al. 1991, Naiman et al. 1993). Landscape position, 

for example, determines the size of riparian habitat (Hynes 1975). Upstream 

channels near headwaters are narrow, and offer few sites for riparian vegetation. 

Downstream channels, on the other hand, may be wide with well-developed 

floodplains and accommodate large riparian zones (Dunne and Leopold 1978, 

Schlosser 1991). Biological diversity is high in riparian habitats because of the 

variety of microsites and high frequency of disturbances from surrounding 
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ecosystems, such as flooding, fire, disease, windthrow, and insect outbreaks (Solbrig 

1991). Gregory and others (1991) found that riparian communities in Oregon had 

twice as many plant species as upslope habitats ranging from clearcuts to 500-year-

old old-growth forests. Small mammal and amphibian diversity has also been found 

to be higher in streamside versus upslope habitats (McComb et al. 1993). 

Vertebrate (Oakley et al. 1985, Anthony et al. 1987, Gomez and Anthony 1996) and 

plant (Campbell and Franklin 1979) components of Pacific Northwest riparian 

habitats are well described but little information is available about riparian 

invertebrates. 

Riparian zones and their associated streams form a dendritic pattern that 

penetrates the entire landscape. Ecosystem researchers in Oregon have studied the 

linkages between forests and streams and the geomorphic setting of stream and 

riparian networks. They found that dealing only with issues of management impacts 

on sedimentation and water temperature was inadequate for riparian and stream 

ecosystem health (Triska et al. 1982, Gregory et al. 1991, Swanson and Franklin 

1992). There was a need to consider habitat structure, food resources, aquatic and 

terrestrial wildlife, disturbance regimes, and nutrient recycling for proper riparian 

and aquatic ecosystem management (Gregory et al. 1991, Swanson and Franklin 

1992). 

Riparian habitats are intimately linked with adjacent streams and upslope 

forests. For example, leachates derived from upslope forests are trapped by riparian 

vegetation before entering stream channels. Here they are processed by microbial 
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action and delivered in seasonal pulses to adjacent streams (Fisher and Likens 1973). 

This concentration of nutrients in riparian soils and close proximity to water make 

these habitats some of the most productive in terms of biomass per unit area in the 

forest (Odum 1978, Thomas et al. 1979b). These processes and connections have 

been reviewed elsewhere (Gregory et al. 1991, Swanson and Franklin 1992) and 

need no further discussion here. 

Riparian vegetation regulates solar radiation, which affects primary 

productivity and water temperature in streams. Vegetation also helps prevent 

erosion of stream banks with mats of roots. Large woody debris from adjacent 

riparian and forested habitats forms important structures that regulate movement of 

water, sediment and particulate matter in aquatic systems (Harmon et al. 1986, 

Bisson et al. 1987). Because of the intimate associations between riparian habitats 

and their adjacent forests and streams, it would be useful to combine knowledge 

about changes in riparian flora and fauna moving from higher to lower order 

streams, with similar information from streams and forests to help understand 

factors which control the complexity of the communities (Reid and Miller 1989, 

Lubchenco et al. 1991, Solbrig 1991, Lattin personal communication). 

Riparian zones are sites of much activity. Aquatic insects emerge from the 

water to use riparian habitat for feeding, pupation, mating, and oviposition (Erman 

1984). Wildlife, such as birds, bats, deer, elk, and small mammals use riparian 

habitats as migration routes and as a source of water (Stevens et al. 1977, Thomas 

et al. 1979b, Gregory et al. 1991). Recreational use, mining activity, road building 
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and home sites are also concentrated in riparian habitats. Degradation caused by 

human activities in riparian areas is causing serious impacts to Oregon species 

(Bren 1993). 

Riparian areas are home to several rare and sensitive species whose habitats 

are rapidly diminishing (Hirsch and Segelquist 1978). Lockwood and De Bray 

(1990) suggested that extinction of the Rocky Mountain grasshopper resulted from 

anthropogenic loss of riparian refuges. These specialist species are unable to 

compensate for lost environments and are threatened as remnant riparian habitat 

disappears. Riparian plant communities in Oregon contain several species that are 

considered rare (Gregory et al. 1991). Riparian dwelling amphibians like the tailed 

frog (Ascaphus truei) and red-legged frog (Rana aurora) that occur in western 

Oregon riparian zones have been designated sensitive species by the Oregon 

Department of Fish and Wildlife (Gomez and Anthony 1996). Almost one half of 

the invertebrates considered as rare, threatened or endangered in Oregon are 

associated with riparian habitats (Oregon National Heritage Program 1991). The 

Unique-Headed bug, Boreostolis americanus Wygogzinsky and Stys (Heteroptera: 

Enicocephalidae), for example, is found rarely along the Lookout Creek riparian 

zone, but occurs in no habitats in the adjacent forest (Lattin personal 

communication). We know little about the function of many species and even less 

about the consequences of their loss to the ecosystem. The importance of riparian 

ecosystems in Oregon truly transcends the small proportion of the landscape they 

occupy. 
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Objective monitoring of riparian areas can provide land-managers with an 

understanding of what is changing in the ecosystem and why. Monitoring consists 

of repeatedly measuring habitat or population variables to infer changes in the 

capacity of the land to support wildlife. A more complete profile of the ecosystem 

can be prepared by integrating long-term information on species trends and cycles 

with abiotic data, land-use changes, and ecosystem processes. This integrated 

information should be useful for policy making with regards to natural resource 

management and conservation. 

Monitoring environmental change is a complex process that consists of 

several tasks. Managers must define the important issues and identify the specific 

objectives of the program. Decisions about the types and levels of data necessary to 

meet the goals will influence the sampling design. Collection of the data must be 

accurate, efficient, and consistent with available resources. Data analysis must be 

synthesized, assessed and disseminated to people to whom it will be useful. 

The purpose of monitoring is usually issue-oriented. There are several 

reasons for monitoring the ecological condition of forest habitats in the Pacific 

Northwest. First, there is a need to determine the effects of various forest 

management practices. Finding management practices compatible with conservation 

of biological diversity has become a national priority. Second, changes in the global 

climate have raised considerable concern about the role of forested ecosystems 

regulating global atmospheric CO2 (Kaufmann and Landsberg 1990). Third, 

increased commerce throughout the world has also increased the spread of pest 
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species. Monitoring the impact of invading alien species requires that we know 

whom they are, where they occur, when they arrive, and what threats they pose 

(Hatch 1953, 1957, 1961, 1965, 1971, Lindroth 1957, Lattin and Oman 1983, U.S. 

Congress, Office of Technology Assessment 1993). We know little about the 

cumulative effects of these and other stresses on the ecological condition of Pacific 

Northwest forest habitats (Tarrant and Maser 1988). 

The HJ Andrews Experimental Forest (HJA) was established in 1948 and 

was added to the Long-Term Ecological Research (LTER) Program in 1980. 

Research has focused on developing concepts, hypotheses, and models about forest 

management as well as developing techniques to evaluate the effects of natural and 

anthropogenic disturbances on ecosystem structure, function, and species 

composition (van Cleve and Martin 1991). Monitoring has become an important 

component of research in the HJA. Among the attributes being monitored are soil 

moisture, revegetation, log decomposition, streamflow, biological diversity and 

populations of stream invertebrates, small mammal, fish, and soil invertebrates 

(Anthony et al. 1987, Carpenter et al. 1988, Franklin et al. 1989, Adams et al. 1991, 

Chamberlin et al. 1991, Hicks et al. 1991, Shaw et al. 1990, Anderson 1992, Bisson 

et al. 1992, Halpern et al. 1992, and others). Researchers are tracking changes in 

these attributes to understand the impact of disturbances like logging, climate 

change, and land use. 

The measurement of all ecosystem attributes is virtually impossible; 

therefore, practical evaluation of the impacts of disturbanceon forest habitats must
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depend upon surrogate information (Faith and Walker 1996). Many criteria have 

been advocated for use in habitat assessment (Ratcliffe 1977, Margules and Usher 

1981, Usher 1986). Arthropods represent over 85 % of all species (Pimentel et al. 

1992, Asquith et al. 1990, Lattin 1993a) and they have been used successfully for 

monitoring (Nelson and Anderson 1994, Samways and Steytler 1996, Ruzicka and 

Bohac 1993). Because of their small size, high diversity, and sensitivity to 

environmental perturbations, arthropods are useful indicators of habitat 

heterogeneity, ecosystem biological diversity, and environmental stress (Pearson 

1992, Pearson and Cassola 1992, Kremen 1994, Nelson and Andersen 1994, 

Weaver 1995, Samways and Steytler 1996). 

Arthropod information is often site specific and sensitive to time and space; 

therefore, it cannot be averaged over large, diverse areas. However, community 

composition at selected sites often reveals the health of the ecosystem at that 

location (Cooperrider et al. 1986). Because arthropods participate in almost all 

ecological processes, they provide a better early warning system that rapidly and 

accurately reflects the relative intensity of impacts than longer-lived species whose 

populations react more slowly to environmental change (Pearson and Cassola 1992, 

Kremen 1994, Samways and Steytler 1996). 

Aquatic insects occur in large numbers and are often ubiquitous. They are 

not only sensitive, but also respond rapidly to environmental changes. Monitoring 

aquatic insects has become a standard measurement of water quality. Aquatic 

insects can be a gauge of the levels of ecological changes and are a measurable link 
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between microscopic organisms and fish populations. Besides being well known 

taxonomically, functional feeding group identification is also well worked out and 

used extensively for environmental assessment (e.g., EPT index). In contrast, 

terrestrial arthropods are rarely sampled in inventory and monitoring programs. 

Large numbers of specimens appear in traps, and they are difficult to process and 

identify. Furthermore, the natural history of many groups is poorly known. 

Beetles are the most diverse group of arthropods, representing over 400,000 

species worldwide, and are becoming increasingly popular for ecological monitoring 

(Refseth 1980, Eyre et al. 1996, Luff et al. 1989, Maelfait and Desender 1990, 

Rykken et al. 1997). Beetles are diverse and abundant, easily collected with 

standardized techniques, and are taxonomically well known. This widely distributed 

group is sensitive to environmental change and participates in most ecological 

processes (Allen 1979, Hengeveld 1980, Rykken et al. 1997). Beetles should be 

very reliable indicators to monitor for the impacts of disturbance on forest habitats. 

The ecological integrity of forest ecosystems after extensive harvesting is of 

great concern. Several studies have demonstrated the effects of logging on soil and 

litter invertebrate communities and the value of this information to forest 

management decision making (e.g. Huhta 1971, Vlug and Bordon 1973, Helitivaara 

and Vaisainen 1984, McIver et al. 1992). The impact of forest practices on epigaeic 

beetle communities has also been established (e.g. Lenski 1982, Niemela et al. 1993, 

Spence et al. 1997 and others). Some argue that harvest regimes resembling natural 

disturbance patterns will ensure conservation of biological diversity of some
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taxonomic groups (e.g., plants (Hunter 1993) and vertebrates (Bunnell 1995)). 

However, it is difficult to predict the impacts of large-scale forest harvesting on 

remaining undisturbed habitats in an increasingly fragmented landscape (Harris 

1984, Spence et al. 1996). 

In response to concerns about the ecological integrity of forest ecosystems 

to management practices, this study will provide a comparison of the composition of 

forest soil and litter beetle communities between riparian and adjacent, upslope 

undisturbed forests. I have focused on beetles because of their demonstrated 

response to disturbance and because much is known about their role in ecosystem 

functions. The long-term goal is to incorporate this information into programs that 

are capable of monitoring the impacts of disturbance and management on forest 

habitats. 
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Methods
	

Site Description: 

This study was conducted in the HJ Andrews Experimental Forest (HJA) in 

the western Cascade Mountain Range of Oregon (latitude: 44° 14'N, longitude: 

122° 11'W). The HJA lies within the Blue River Ranger District of the Willamette 

National Forest (Linn and Lane counties) 50 miles east of Eugene, Oregon (Figure 

1). The forest is part of the Western Coniferous Forest Biome that stretches from 

Alaska to northern California. The HJA is a Long-Term Ecological Research 

(LTER) site cooperatively administered by Oregon State University, the Willamette 

National Forest, and the USDA Forest Service's Pacific Northwest Research 

Station. 

Since it was established in 1948, the HJA has become a center dedicated to 

research focused on forest and stream ecosystems and their management. Over 

1500 publications have come from the interdisciplinary research of geologists, 

hydrologists, forest ecologists, entomologists, stream ecologists, economists, and 

social scientists whose work is centered on the HJA. 

The HJA occupies a 6,400 ha drainage with an elevational range from 410 m 

to 1630 m. The topography exists on volcanic tuffs, breccias, and basalts at lower 

elevations, and on andesite at upper elevations. 
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Figure 1. H.J. Andrews Locality Map. The location of the H.J. Andrews 
Experimental Forest and its position in the Willamette National Forest, Oregon. 
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Scientists have thoroughly discussed the geology and geomorphology of the HJA 

(Peck et al. 1964, Swanson and James 1975). 

Deep colluvial soils classified as reddish-brown lateritcs and brown podzolic 

occur at lower elevations on the HJA. At higher elevations and on ridges, volcanic 

ash dominates soil composition. A soil survey and a soil map for the entire 

experimental forest is available (Stephens 1964). 

The HJA experiences a maritime climate of mild, wet winters and hot, dry 

summers. Temperatures range between -15° C and 40° C. The mean January 

temperature is 2° C and the mean July temperature is 22° C. Snow accumulation 

averages about 1.5 m above 1000 m. Average annual precipitation is 2380 mm (90 

in.) falling predominantly between November and March. During this period, 

relative humidity is near 100 % except when warm air moves west from high desert 

east of Cascade Range causing minimum relative humidity to fall to between 40 and 

50%. During the summer, minimum relative humidity can drop to 10% or less. 

Evapotranspiration is estimated at 533 mm annually. The pattern of maximum 

temperatures and minimum precipitation creates water deficiency during the summer 

months. Long-term climatic records are available from the nearby NOAA National 

Weather Service station at McKenzie Bridge (No. 5362) and were summarized by 

Waring et al. (1978). 

Sixty-five percent of the stands on the HJA contained 350- to 450-year-old 

trees when the HJA was established. The rest were younger stands that developed 

after a change in the fires regime that occurred as the population of native
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Americans declined in the region 125 to 175 years ago. Thirty percent of the HJA 

has had clearcutting or shelterwood cutting management to establish young 

plantations of varying composjtions and stocking levels to facilitate research. About 

480 plant taxa have been encountered in the HJA (Franklin and Dyrness 1971). 

Three principal vegetation zones based on climax forest types cover the 

HJA. The Tsuga heterophylla zone covers much of the lower elevations from 400 

to 1050 m and is the most extensive vegetation zone in Western Oregon. This zone 

is important in terms of timber production (Franklin and Dryness 1984) and is home 

to the endangered Northern Spotted Owl (Strix occidentalis caurina). This zone is 

dominated by Douglas fir trees (Pseudotsuga menziesii) interspersed with western 

hemlock (Tsuga heterophylla) and western redcedar (Thuja plicata). Some incense 

cedar (Calocedrus decurrens), red alder (Alnus rubra), bigleaf maple (Ater 

macrophyllum), and grand fir (Abies grandis) grow in special habitats. Within the 

zone is a wide range of habitat and community types from the very dry 

Pseudotsuga /Corylus cornuta association to the riparian herb and fern-rich Tsuga-

Thuja/Polystichum- Oxalis association. Other communities that occupy significant 

potions of the landscape include the TsugalAcer circinatum-Gaultheria shallon 

association, the TsugalRhododendron macrophyllum-Gaultheria association, and 

the TsugalCoptis laciniata association. 

The Abies amabilis zone is found from 1050 m to 1525 m. Pacific Silver fir 

(Abies amabilis), noble fir (Abies procera), and western white pine (Pinus 

monticola) are dominant in this zone, with Douglas-fir and western hemlock less 
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abundant. The community types vary from the dry Abies amabilisl Xerophyllum 

tenax association on lithosols to the very wet Abies amabilis /Opoanax horridum 

association near running water. Other community types include the Abies 

amabilislVaccinium ovalifolium association and the Abies amabilislAchlys triphylla 

association. Extensive areas are also covered by vegetation characterized as the 

Acer circinatum /talus association and the Alnus sinuata association. 

Above 1525 m is the Tsuga mertensiana zone. The principal trees here are 

mountain hemlock (Tsuga mertensiana), Pacific silver fir, Alaska cedar 

(Chamaecypris nootkatensis), and subalpine fir (Abies lasiocarpa). The most 

extensive community is the Tsuga mertensianal Xerophyllum tenax association. 

Streams support a native fishery of cutthroat and rainbow trout. Columbia 

black-tailed deer and black bear are common and some beaver, coyote, bobcat, 

cougar, mountain lion, and Roosevelt elk can be found on the HJA. Numerous 

small mammals and birds, including northern spotted owl and pileated woodpecker, 

are abundant. 

Parsons et al. (1991) compiled an annotated list of arthropods found on the 

HJA. This list contains about 3,400 species. Few extensive lists have been 

published for other sites in the United States. As a comparison, more than 6,500 

species were collected from the much larger Mount Desert, Maine (Procter 1946) 

and over 1,600 species were found on the similarly-sized Central Experimental 

Range, Pawnee National Grasslands, in Colorado (Kumar et al. 1976), another 



26 

LTER site. Although the HJA annotated species list contains much ecological
	

information, new data will enhance forest management research.
	

The Pacific Northwest has more than 4,330 resident beetle species in 96 

families (Hatch 1953-1971). More than 825 of these beetle species in 77 families 

have been collected from the HJA (Parsons et al. 1991). The number of beetle 

species at the HJA site is comparable to the 1175 beetle species in 75 families have 

been found at Mt. Desert (Proctor 1946). 

Collection efforts were focused along a 3000 m reach of Lookout Creek, a 

tributary of the McKenzie River. This reach ofthe creek was selected after 

discussion with principal researchers at the HJA (J.D. Lattin, F.J. Swanson, W.A. 

McKee, and S.V. Gregory). Most of the forest along this reach of Lookout Creek 

was of a similar vegetation type (described below) and much data from other types 

of studies had already been collected there. Most of the vegetation along this reach 

of Lookout Creek was undisturbed forest classified as Tsuga heterophylla zone 

(Tsuga heterophylla !Rhododendron macrophyllum/Polystichum munitum plant 

association upslope, and Tsuga heterophylla /Polystichum munitum /Oxalis oregana 

along the riparian zone) and contained some trees 400 or more years old. The reach 

had an elevation range from 487 m to 610 m (1,600 to 2,000 ft.). Here, Lookout 

Creek is a third order stream with streamflow 1000 times greater in the winter than 

in the summer. 
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Three principal channel types were observed along the reach, Constricted 

Channels (CC), Moderate Channels (MC), and Flood Plains (FP). The variation 

within a channel type was expected to be less than variation among channel types. 

Flood plains were areas where the creek was wide and shallow. In this area 

many smaller channels flow slowly around islands of vegetation on gravel 

(Figure 2). Flood Plain channel was sampled with 4 transects just downstream from 

the Concrete Bridge. Transect 1 was placed 100 m downstream of the Concrete 

Bridge and transects 2 through 4 followed every 50 m after. 

Vegetation along the creek in the flood plain was of the Tsuga 

heterophylla / Polystichum munituml Oxalis oregana association. The association is 

characterized by "old-growth" PseudotsugalTsuga timber stands of medium density, 

averaging 60-70% canopy coverage (Dyrness et al. 1974). The shrub understory 

consisted of alder (Alnus rubra), willow (Salix species), blackberry (Rubus ursinus), 

and vine maple (Acer circinatum). Common herbaceous plants included lace flower 

(Tiarella unifoliata), devil's club (Oplopanax horridum), and several species of 

mints. 

Vegetation upsiope of the flood plain consisted of plants from the Tsuga 

heterophylla / Polystichum munitum and Tsuga heterophylla/ Polystichum 

munitum /Oxalis oregana associations. 
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Figure 2. Flood Plain. A diagram of flood plains sampled in the H.J. Andrews 
Experimental Forest, Oregon in 1992-1994. 
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The major difference from the riparian vegetation was the absence of willows, alder, 

devil's club, and some herbs and the presence of huckleberry (Vaccinium 

parvifolium), Oxalis oregana, hazel (Corvlus cornuta), and Oregon grape (Berberis 

nervosa). The understory was less dense upslope and the soil was not as moist as 

that in the riparian zone. 

Moderate channels were not as wide as the flood plain (Figure 3). Here the 

upslope forest was closer to the edge of the creek. In this area, the creek 

meandered and formed occasional pools. Streamflow was rapid and large in the 

winter and early spring. During the drier months of July through September, 

strea.mflow was slower and smaller. The moderate channel type was sampled near 

Mile Post 5 on Road 1506. Transect 5 was placed at the creek near Mile Post 5. 

Transect 6 was placed 50 m downstream and Transect 7 was placed 50 m further 

downstream. 

Riparian vegetation was similar to that of the flood plain but was lacking 

much of the willow. Upslope vegetation consisted of plants from the Tsuga 

heterophylla/ Rhododendron macrophyllumiGaultheria shallon and Tsuga 

heterophylla /Polystichum munitum/Oxalis oregana associations. The sites were 

cool and moist, much like the upslope habitats sampled on the flood plain transects. 

Constricted channels had steep, granite walls rising from the creek 

(Figure 4). Little soil was on these walls and riparian zones were narrow and 

consisted mostly of boulders with small gravel bars and little vegetation. In 

constricted channels, water moved more rapidly. 
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Figure 3. Moderate Channel. A diagram of moderate channels sampled in the H.J. 
Andrews Experimental Forest, Oregon in 1992-1994. 
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Figure 4. Constricted Channel. A diagram of constricted channels sampled in the 
H.J. Andrews Experimental Forest, Oregon in 1992-1994. 
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Here the creek was narrow, between two steep rock cliffs. The Constricted 

channel type was sampled near Gypsy Camp Road, about 1000 m downstream from 

the Concrete Bridge. Three transects were placed at this location. The first transect 

(Transect 8) was placed 25 m from the end of Gypsy Camp Road and transects 9 

and 10 were placed 50 and 100 m upstream (respectively). 

The MA plant communities map available on the World Wide Web 

(http: / /www.fsl.orst.edu/lter /datafr.htm) (Figure 5) classified riparian vegetation in 

the constricted channel as Tsuga heterophylla /Polystichum munitum--Oxalis 

oregana, although the characteristics were very different from those on the flood 

plain and moderate channel transects. Vegetation consisted mostly of herbaceous 

plants and a few shrubs. This was probably due to the narrow channel's lack of 

adequate soil and constant scouring from high water events. The upslope sections 

of the transects were 10 to 25 m above the creek, and I had to use a rope to lower 

myself down steep banks to access the riparian sites from the upslope forest sites. 

Tsuga heterophylla /Rhododendron macrophyllum /Gaultheria shallon and 

Tsuga heterophylla /Rhododendron macrophyllum /Berberis nervosa associations 

described the upslope vegetation adjacent to the constricted channel. The habitat 

was wanner and drier than the upslope of the flood plain or moderate channel. 

Overstory was dense and coverage averaged 60 to 90% by Pseudotsuga menzisii 

and Tsuga heterophylla with some Thuja plicata. Rhododendron macrophyllum 

dominated the understory, sometimes as dense growth. Other understory shrubs 

included Berberis nervosa, Acer circinatum, and Taxus brevifolia. 

www.fsl.orst.edu/lter
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The list of other plants found here is similar to that in the Dyrness et al. (1974) 

description of the Tsuga heterophyllal Rhododendron macrophyllum /Berberis 

nervosa association. 

All transects ran from upland south slope forest, through riparian zones on 

each side of Lookout Creek, to upland north-slope forest (Figure 6). Along each 

transect, sites with 3 pitfall traps were established in every homogeneous vegetation 

association type as they were encountered, starting 1-3 m from the water's edge in 

the riparian habitat and ending 35 75 m away in upland undisturbed forest. Traps 

were set a minimum of 5 m apart, less than or equal to the average daily traveling 

range of many ground-dwelling beetles (Thiele 1977, Baars 1979b, Luff 1986). 

A total of 20 sites for each habitat type (riparian and adjacent upslope forest) 

were sampled. An obvious question is "Why 20 sites?" Desender (1996) found that 

increasing the number of sampling sites from 6 to 30 provided more information 

about rare species. However, carabid species relative abundance remains constant 

when trapping effort is increased from 15 to 30 traps (Niemela et al. 1988). 

Increasing the number of traps may provide a more accurate estimate of the 

variation in species abundance and a better estimate of the spatial distribution of 

species (Desender 1988, Desender and Pollet 1988), but studies have shown that the 

minimum number of traps necessary to gather useful information ranges from 15 to 

30 (Obrtel 1971, Desender 1988, Niemela et al. 1988). Taking this information into 

account, twenty sampling sites appeared to be sufficient to gather useful 

information. 
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One hundred forty-one pitfall traps were set during each sampling period. 

The pitfall traps were made of white-plastic buckets 18 cm tall with a diameter of 14 

cm at the top and 12 cm at the bottom. Fitting tightly at the top of the bucket was 

an aluminum funnel that extended 8 cm into the bucket. The opening at the bottom 

of the funnel was 3-4 cm in diameter. A 16 oz plastic cup, filled with approximately 

100 ml of ethylene glycol, was placed inside the bucket. The trap was covered by a 

30 cm by 30 cm piece of 1/4 " plywood with legs that held it 4 cm above the ground. 

A hole was dug to accommodate the bucket, and the traps were established 

in the ground so that the top of the bucket was even with the level of the 

surrounding soil. Soil from the hole was used as backfill. Litter was repositioned 

near the trap to approximate the original conditions. Traps were left in the soil for 2 

weeks before use to minimize digging-in effects. 

Traps were open for 4 weeks during each sampling period. Sampling 

periods were June 2 - July 2, 1992 (summer), August 30 - September 30, 1992 

(fall), April 04 - May 4, 1993 (spring), June 10 - July 10, 1993 (summer), August 25 

- September 25, 1993 (fall) and April 7 - May 7, 1994 (spring). 
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Figure 6. H.J. Andrews Contour Map. A map of the H.J. Andrews Experimental 
Forest showing elevation contours, streams, roads, and sampling transects. 
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Field Protocol 

Always beginning on Transect 1 and opened in sequence to Transect 10, 

traps were set by placing the cup with antifreeze into the bucket, installing the funnel 

and wooden cover. Traps were left opened for 4 weeks during the sampling period. 

Retrieving samples began on Transect 1 and proceeded in sequence to Transect 10. 

The condition of the trap was recorded and disturbance and the presence of slugs 

and small mammals noted. The cover and funnel were removed and the cup taken 

from the bucket. The antifreeze and captured specimens were poured through a 

funnel into a 4 oz. plastic bottle and transported back to the laboratory. 

Laboratory Protocol 

Pouring the sample through a fine-mesh, wire screen separated the antifreeze 

and specimens. The antifreeze was collected and properly recycled. The specimens 

were rinsed with tap water and stored in 4 oz. plastic bottles filled with 70% ethyl-

alcohol. 

Specimens were sorted to order using a dissecting scope at 20 X. Beetles 

were further sorted to family and identified to species or morphospecies using a 

reference collection and identification manuals. Voucher specimenswere placed 

into the HJA Arthropod Collection in the Systematic EntomologyLaboratory at 

Oregon State University, Department of Entomology. The number specimens of 

each beetle species contained in each sample were recorded for further analysis. 
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The counts of beetles from the 3 pitfall traps were pooled for each trap site. The 

data were entered into a Microsoft Excel spreadsheet with species as rows and sites 

as columns. The data were stored on a personal computer and as backup files on 

3.5" disks. 

Statistical Analysis 

Samples where traps were disturbed to the extent that the response was 

unreliable were deleted from the data set. Beetle species were eliminated that may 

have been attracted with bias to the traps (e.g. Agyrtidae, Lampyridae, Silphidae, 

and some Leiodidae). Aleocharinae were also deleted from the data set because 

their taxonomy is very poorly known and accurate morphospecies identification is 

extremely difficult and time consuming. Furthermore, only beetle species occurring 

in more than 5 combined samples (3 pitfalls traps from each sampling site) were 

included in the analysis because rare species are too sparse to estimate habitat 

affiliation accurately (crowns et al. 1992, Krebs 1989, Spence et al 1998). 

Trap counts for plots were standardized to counts of species per 3 traps per 

30 days. 



39 

Species Richness and Diversity 

Using the jackknife procedure, the total species richness of habitats and 

channel types were estimated (Heltshe and Forrester 1983, Pimentel 1993b). The 

estimates were obtained using the formula: 

=s+rnOk
S 

n 

where		 S = Jackknife estimate of species richness 
s = Observed total number of species present in n samples 
n = Total number of samples 
k = Number of unique species 

An estimate of the variance of species richness (S) was obtained using the formula: 

var(g) (n 1) b 2 j) k 2 

\ n J=1 11 

where		 var ) = Variance of jackknife estimate of species richness 
fi = Number of samples containing j unique species (j = 1,2,3. s)
k = Number of unique species 
n = Total number of samples 

The variance was used to obtain a 95% confidence interval of the species richness 

using the formula: 

t a Vvar(g) 

The jackknife estimator tends to overestimate the number of species in a 

community. However, the bias is usually less than the underestimate of the 

observed number of species, which as a rule is always less than the true value of 

species richness in the community (Krebs 1989). 
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To compare species richness among habitats and channel types, data from 

trap sites were modified to minimize bias due to sampling error and uneven trap 

catches. The sample sizes were standardized using a method of rarefaction 

proposed by Sanders (1968) and modified by Hurlbert (1971) and Simberloff 

(1978). The procedure estimates the number of species expected in a random 

sample of individuals taken from a collection (Pimentel 1993b). The method 

answers the question: if the sample had consisted of n individuals (n < N), what 

number of species (s) would likely have been seen? 

Species diversities for habitats (riparian and upslope) and channel types 

(Constricted channel, Moderate channel, and Flood Plain) were calculated using 

three heterogeneity indices, the inverse of Simpson's (Simpson 1949), Shannon-

Wiener (Krebs 1989), and Brillouin's index (Magurran 1988, Pimentel 1993). 

These three were used because of the ease of their calculation and because they are 

widely used in ecological studies (Magurran 1988). Simpson's index tends to 

weight common species more, whereas Shannon-Wiener index gives more weight to 

rare species (Krebs 1989). Brillouin's index may sometimes provides misleading 

results because of its dependence on sample size has been called the easiest to 

interpret ecologically (Magurran 1988). 
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Multivariate Analysis 

Community ecology has grown from simple descriptions ofgroups of 

organisms that occur together to more complex comparisons and discoveries of 

underlying patterns in the distribution of species (Greig-Smith 1980). A more 

quantitative approach to community ecology was facilitated by easier access to 

computers and the development of new analytical methods. The introduction of 

computationally intense analysis brought community ecology into a new era of 

research and discovery (Gauch 1982). 

Quantitative statistical methods were not widely used by community 

ecologists until the 1950's (reviewed by Greig-Smith 1980). The quantitative 

approach to community ecology required precise and explicit formulation of the 

questions of interest, statistically sound sampling design, and an understanding of 

the characteristics of the data, the method of analysis, and the limits of the inference 

(Orloci 1978, Greig-Smith 1964, Gauch 1982). While the methods were 

mathematically intense, they limit bias and furnish uniformity and consistency to 

community data analysis. 

The number of explanatory and response variables available for measurement 

complicates quantitative ecological studies. Variables with several components are 

called multivariate. When investigating ecological systems a decision must be made 

about what variables will be included in the analysis. Studies of biologically diverse 
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communities often model the response (counts or proportions) of several species 

simultaneously with many explanatory variables. 

Community data are multivariate because each sample is composed of 

abundances of a number of species. Over the past 20 years, new multivariate 

methods were developed and applied in community research as a tool for better 

understanding of community structure (Greig-Smith 1980). Multivariate analysis 

allows simultaneous evaluation of numerous variables. The goal is to treat the data 

set as a whole, summarizing the information, and revealing underlying structure 

(Orloci 1978, Gauch 1982, Pielou 1984). 

There are three general categories of multivariate methods, gradient analysis, 

ordination, and classification. Gradient analysis is designed to study the distribution 

of species along environmental gradients (Whittaker 1968, 1978, Gauch 1982). 

Ordination is used to illustrate species and sample relationships as accurately as 

possible in low-dimensional space (Orloci 1978, Pimentel 1979, Gauch 1982, Pielou 

1984, Digby and Kempton 1987). Classification endeavors to group similar entities 

together into clusters (Shimwell 1971, Hill 1979b, Pimentel 1979, Gauch 1982, 

Pielou 1984). Each category contains more than one method and each method has 

an appropriate application to data analysis. The nature of the data and the questions 

of interest determine which analytical method is most suitable. 
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Gradient Analysis 

The distribution of living organisms is determined largely by environmental 

factors that occur as gradients across the landscape. Species are individualistic in 

their response to environmental gradients (Dix and Smeins 1967, Whittaker 1967). 

Whittaker (1967) observed that species commonly show a bell-shaped response 

curve to environmental gradients with peak abundance of species scattered along the 

gradient. The distributions occur in a variety of widths with densities declining 

gradually to scarcity and absence on each side of the central peak. Some species 

appear only over a short segment of the gradient, while other species are found over 

larger segments (Gauch 1982). 

Because of the tapered form of the population gradient, the composition of 

communities changes continuously along environmental gradients if the gradients are 

uninterrupted and communities undisturbed. Disruptions will tend to produce 

distinct community types or groups, in the same way that a cornfield is distinct from 

a neighboring pasture (Whittaker 1967). Gradient Analysis summarizes the 

distributions of species along environmental gradients and yields information about 

which environmental factors have the most influence on the distributions. It is used 

primarily for the analysis of physical factors that influence the structure of ecological 

communities. 

There are two principal methods for Gradient Analysis, reciprocal averaging 

(RA), sometimes called correspondence analysis, and detrended reciprocal averaging 
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(DRA). The methodologies were developed by Whittaker (1978) and refined by 

Hill (1973b, 1974, and 1979a) and Hill and Gauch (1980). The goal of RA is to get 

the best fit between ordinations of sampling units (i.e., habitats or plots) and their 

species, using species abundance or presence-absence of each species at each 

sampling unit (Pimentel 1993a). Detrending corrects for non-linear relationships 

between sampling units or between species, and rescales the results to reflect real 

conditions. 

Gradient analysis has successfully been applied to several data sets 

quantifying Coleoptera abundance along different environmental gradients (e.g., 

Baguette 1987, Luff et al. 1989, Quinn et al. 1990, Gardner 1991, Quinn et al. 

1991,Turin et al. 1991, Walsh et al. 1993, Sadler and Dugmore 1995). The primary 

goal of these studies was to determine important environmental factors influencing 

species' distributions and to identify Coleoptera communities associated with 

different plant communities and habitats. Generally, the studies concentrated on a 

small subset of the beetle communities, most often analyzing only data for Carabidae 

species abundance. Strong community affiliation was identified in almost every 

study. 

While Gradient Analysis has been shown to be an effective method for 

identifying beetle community differences, the method was not applied in this study 

because only two communities were of interest here, not several along a continuous 

environmental gradient. More appropriate analytical methods were used, including 

Ordination and Classification. 
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Ordination: 

It is sometimes useful to group sampling units into community types, even if 

they are arbitrary and artificial. Community types may be designated for research 

and management purposes. Riparian zones, for example, have been designated as 

distinct habitats because they are important areas of interaction between terrestrial 

and aquatic ecosystems. Management and research in riparian zones is as specific 

and intense as that which occurs in adjacent streams and upland forests. 

A cornucopia of techniques has been used for grouping similar sampling 

units. Early ecologists used visual inspection, usually with the assumption that 

living organisms occurred in well-defined, integrated units (McIntosh 1967). 

Whittaker (1962) wrote an extensive summary of the early literature on community 

classification and analysis. When computers increased the mathematical power 

available to ecologists, multivariate methods were developed and adapted to 

ecological studies. Multivariate statistical analysis has been used to discover 

patterns or relationships between species, communities, and/or environmental 

factors (e.g., Erman 1973, Hansen and Ingolfsson 1993, Growns et al. 1992, 

Urbanczyx and Henderson 1994, Andersen 1995, Sadler and Dugmore 1995). 

Several authors have presented complete discussions of multivariate analytical 

methods and their applications in ecological studies (e.g., Poole 1974, Gauch 1982, 

Pielou 1984, Digby and Kempton 1987, Jongman et al. 1995). 
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Ordination was one of the analytical methods adapted for the study of 

ecological communities and biological diversity assessment (e.g., DeVelice et al. 

1988, Faith and Norris 1989, Kremen 1992, Swtersdal and Birks 1993, Taggart 

1994). Ordination is the collective term for multivariate analytical methods that 

arrange sampling units along axes on the basis of species composition data (ter 

Braak 1995). The procedures involve positioning sampling units on a set of 

coordinate axes such that similar entities are close together and dissimilar entities are 

far apart (Gauch 1982). The result is an objective summary of the relationships 

between species and sampling units in a low-dimensional space. The goal is to 

reveal underlying structure in the data, i.e. the patterns of species occurrence as 

determined by latent environmental variables, by extracting ecological relationships 

hidden in a mass of data and summarizing or displaying the relational information. 

Several analytical methods fall under the general heading of ordination. 

When first coined by Goodall (1954), ordination was limited to just a few methods, 

but more have been developed since. Now more than 10 multivariate methods fall 

within the scope of ordination. All have their analytical strengths and weaknesses 

and all have been applied to ecological community data. 

One early technique that was later classified as an ordination method is 

weighted averages (Ellenberg 1948, Whittaker 1948, Curtis and McIntosh 1951, 

Rowe 1956). It is the simplest ordination technique and is not mathematically 

intense. The method relies on previous knowledge of community structure to 

weight species or sampling units and each dimension must be investigated separately 



47 

(Gauch 1982). The results are subjective because they rely on estimated weights for 

each species. When computers made available more advanced techniques the use of 

weight measures was largely discouraged (Gauch 1982). 

Another early ordination technique developed for ecological studies was 

polar ordination (Bray and Curtis 1957). This method is also somewhat subjective 

because it requires that 2 samples be designated as poles for each of the ordination 

axes. Performance is dependent upon the determination of endpoints. Incorrect or 

inaccurate endpoints can invalidate an ordination (Pimentel 1993a). 

Principal component analysis (PCA) is perhaps the most popular and widely 

used ordination technique. The method was developed by Pearson (1901) and 

refined by Hotelling (1933). It was first used to analyze ecological data by Goodall 

(1954) and has been used extensively since. Entomologists have successfully used 

PCA for a wide range of studies including analysis of forest canopy-arthropod 

community structure (e.g., Schowalter et al. 1988, Schowalter 1995). 

In PCA, distance measures on component axes are Euclidean and the 

reduced space is no more than the original variable space with new coordinate axes. 

The maximum amount of variation is accounted for after minimizing distance 

distortions. The positions of the sampling units on the axes are determined from the 

data alone and hence, PCA is an objective rendition of the intrinsic ecological 

relationships in the data. 

The method is most efficient when the data have a normal distribution 

although the method is robust to departures from the ideal structure (Hotelling 
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1933, Greig-Smith 1980, Gauch 1982). However, the results of PCA are strongly 

influenced by non-linear relationships between sampling units (Gauch 1982). When 

habitat diversity is large and environmental gradients complex, the true ecological 

proximity between sampling units often lies along a curved response. In this 

situation, PCA ordination distorts ecological distances between sampling units, with 

some appearing much more closely related than they really are (Digby and 

Kempton1987). 

Principal coordinate analysis (ORD) was developed by Gower (1966) and is a 

generalization of PCA ordination. The method changes coordinates on axes to 

approximate total relationships between sampling units, yielding the "best" overall 

solution (Pimentel 1993a). 

Analysis may be based on dissimilarity measures rather than Euclidean 

distances. Over 44 dissimilarity measures have been developed, adding greater 

flexibility to community data analysis (Pimentel 1993a). While ORD is not as 

effective as DRA in exploring gradients, it gives better results and is less influenced 

by arch effect than PCA when studying the differences between communities (Gauch 

1982, Pimentel 1993a). 

Other ordination methods include nonmetric multidimensional scaling 

(NMDS), factor analysis, Gaussian ordination, and canonical correlation analysis. 

NMDS is the only one of these methods widely used in ecological studies, and it 

works best with input of vector scores from some other ordination like ORD or 

PCA (Pimentel 1993a). 
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Principal Coordinate analysis (ORD) was selected as the multivariate method 

for analysis of riparian and adjacent upslope community data. ORD was selected 

because it gives a better ordination solution than PCA and because it is not greatly 

affected by non-linear relationships of sampling units. Although DRA may have 

provided a better solution to fitting sampling units along an environmental gradient, 

gradients were not of interest in this study and they were not measured. Ofgreater 

interest were the relationships between sampling units over the seasons. 

The use of multivariate ordination methods requires that the data be 

transformed into dissimilarity matrices measuring the ecological relationship among 

sampling sites. A dissimilarity matrix has measurements of agreement between pairs 

of sampling units based the abundance of each species in each sampling unit. The 

measures of agreement are expressed in the form of an association coefficient. 

More than four dozen dissimilarity indices have been developed and much confusion 

exists about which measures to use (Krebs 1989). The selection of which 

dissimilarity indices to use is largely personal, and several reviews have described 

the application of dissimilarity indices and offer guides for their use (e.g. Janson and 

Vegelius 1981, Wolda 1981, Hubalek 1982, Krebs 1989, Pimentel, 1993a). 

There are several ecological coefficients that perform well for community 

data (Wolda 1981). One of the best quantitative coefficients available is percentage 

dissimilarity first proposed by Renkonen (1938) and is sometimes called the 

Renkonen index (Krebs 1989). Calculation of the index requires that a species' 

relative abundance be expressed as a percentage of each sample.
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The index is calculated as 

P = E minimum (Pli P 2i 

where P = Percentage similarity between samples 1 and 2
	
p1; = Percentage of species i in sample 1
	

p2; = Percentage of species i in sample 2.
	

The index ranges from 0 (no similarity) to 100 (complete similarity). Sample 

size and diversity have only small effects on the performance of the index to measure 

actual similarity between sampling units (Krebs 1989). 

Just as there are several ecological indices to use, several ordination methods 

can identify relationships among sampling sites. There are comprehensive reviews 

of these methods and their use (e.g. Gauch 1982, Pielou 1984, Manly 1986, Digby 

and Kempton 1987, Ludwig and Reynolds 1988, Krebs 1989, Tabachnick and Fidell 

1989, Pimentel 1993a, Jongman et al. 1995). Relationships among beetle 

assemblages from riparian and adjacent upslope habitats and from three channel 

types were depicted with ORD using the dissimilarity index Percent Dissimilarity 

discussed above. Sampling site vectors were saved for the first 10 axes for further 

analysis. Results from the ordination analyses were plotted and compared. 

Classification 

Classification is the grouping or clustering of objects based on some measure 

of their resemblance (Gauch 1982, Ludwig and Reynolds 1988). It is a basic, 

natural activity of almost all animals (Goodall 1953, Sokal 1974, Blashfield and 
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Aldenderfer 1978, Gauch 1982). Sensory perceptions are used to separate areas, 

objects and events into groups that are desirable and useful or are deleterious and to 

be avoided. Classification plays a fundamental role in ecology by summarizing 

differences between groups of species or sampling units. Some of the first attempts 

to organize ecological information were based on classification techniques 

(Whittaker 1962, Gauch 1982). 

Most classification by early ecologists was done by visual inspection, usually 

with the assumption that plants and animals occurred in well-defined, integrated 

units (McIntosh 1967). Whittaker (1962) wrote an extensive summary of the early 

literature on community classification. Gleason (1926) introduced the idea that 

vegetation changes continuously and cannot be separated into distinct community 

types. Most ecologists now accept the "continuum concept", but recognize that 

discontinuities exist in species' distributions (Poole 1974). Vegetation will be 

continuous only when the environments are continuous and undisturbed. 

Disturbance events like fire, floods, or hurricanes can change the distribution of 

species and the biotic structure of an area and create distinct community types. 

The purpose of classification is to summarize large data sets and aid 

interpretation of community structure. Classification has been found to be 

particularly useful to ecologists for delineating habitats, especially when used in 

conjunction with ordination methods (Digby and Kempton 1987). The results of 

classification are often used to generate hypotheses about community variation. 
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The methods of classification analysis are generally divided into three 

groups: table arrangement, nonhierarchical classification, and hierarchical 

classification. Table arrangement classification displays the sampling units and 

species in a matrix such that both the general features and specific details ofgroup 

membership are shown. Nonhierarchical classification assigns sampling units to 

specific groups, while hierarchical classification divides the sampling units into 

groups and arranges the groups in some way to illustrate their relational structure. 

Table arrangement was one of the earliest classification methods used in 

ecology. The most widely used table arrangement technique is the Braun-Blanquet 

method (Braun-Blanquet 1921). The method has become a standard for analyzing 

plant community data and has been applied in thousands of studies (van der Maarel 

et al. 1970, van der Maarel 1975, Gauch 1982). Excellent reviews of this method 

include Becking (1957), Whittaker (1962), Mueller-Dombois and Ellenberg (1974), 

and Westhoff and van der Maarel (1978). 

While the Braun-Blanquet method has been widely used by botanists, it has 

several limitations. Gauch (1982:185) says it is a "slow, tedious process, not well 

suited to large data sets" and requires specific training for its application. 

Furthermore, the use of the method is not well standardized and subjectivity of the 

user can be a problem. Better, more objective methods are available. 

A more objective classification method is cluster analysis. This methoduses 

some measure of resemblance or dissimilarity between entities to sort similar 
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sampling units into groups. The units are arranged in a hierarchical sequence, and 

the results are often reported as treelike dendrogams. 

Methods of cluster analysis are very diverse. Agglomerative cluster analysis 

is the most widely used cluster method in biology. The analysis begins with a 

collection of individual sampling units and the pair sampling units with the smallest 

distance value (largest similarity) between all pairs of sampling units is found. The 

next most similar unit is then added to the group, and clusters are built in a step-

wise process. The resulting dendrogram supplies a one-dimensional portrayal of the 

relationships. 

The identification of groups is somewhat subjective and is based largely on 

the resemblance or dissimilarity measurement applied (Ludwig and Reynolds 1988). 

Attempts have been to make group identification more objective, but problems with 

the method still exist (Hill 1980, Ratliff and Pieper 1981, Rohlf 1982, Pimentel 

1985). The one-dimensional report is vulnerable to nonlinearity, and actual 

relationships between groups may not be accurate (Pimentel 1985). Furthermore, 

sampling error cannot be incorporated into the analysis. Decisions must be made at 

each comparison between sampling units to form the dendrogram, and the 

probability of an incorrect decision is high when the number of sampling units or 

sampling error is large. 

A better method for classification is multigroup discriminant analysis 

(MDA). This method gives a measure of the magnitude of the differences between 

groups and is useful in evaluating the relative contribution of each variable to the 
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discrimination between environmental communities (Ludwig and Reynolds 1988). 

The method is computationally intense, and has only recently become practical with 

the advent of desktop computing. 

When used to examine environmental communities, MDA seeks linear 

combinations of the variables (species) that have the greatest between-group 

variation relative to their within-group variability (Digby and Kempton 1987). The 

first canonical axis is that combination of variables that maximizes group differences. 

MDA is similar to multivariate analysis of variance (MANOVA) in that both 

produce a test of the strength of group association. However, MDAgoes one step 

further by providing a measure of how well each individual (sampling unit) fits in 

each group (Geisser classification). 

The accuracy of community analysis using MDA relies on assumptions made 

about the distributional properties of the data. The assumptions are the same as 

those of MANOVA, and include (1) random sampling, (2) normality, 

(3) independence of errors, and (4) equality of population dispersions. Species-by-

site abundance data rarely satisy these assumptions; however, a failure of one or 

more of the assumptions does not necessarily invalidate the analysis (Pimentel 

1985,Manly 1986, Digby and Kempton 1987). 

Random sampling is necessary for any analytical method to obtain unbiased 

samples from the population. Proper sampling design incorporates random sampling 

and was followed in this study. The influence of non-normality has been shown to 

be minor when sample sizes are large, as was the case in this study (Burnaby 1966, 
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Olson 1974, Ramsey and Schafer 1997). Independence oferrors can be obtained by 

proper sampling design. A lack of equal population dispersion (heteroscadasticity) 

can lead to imprecise estimates of the fit of an individual to the groups, but does not 

invalidate the biological interpretation of the results (Geisser 1977, Pimentel 1993). 

Vectors from the first ten principal coordinate axes were analyzed for habitat 

differences with multivariate analysis of variance. Where group differences were 

indicated, the groups were classified with MDA. Geisser classifications were 

calculated and a summary of hit and misses was used to construct a classification 

table. Euclidean and Generalized distances were tabulated and group centroids with 

95% confidence radii were plotted. 
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Results 

A total of 7,905 beetle specimens were collected during the sampling 

periods, 4,387 specimens from traps placed in riparian habitat, 2,348 specimens 

from traps placed in upslope habitat, and 1,170 specimens from traps placed in 

transition habitat. Necrophages (8 species) and unidentified Aleocharinae 

(18 species) accounted for 1,709 specimens of the total. These 26 species were 

eliminated from the analysis because they are scavenger species and may have been 

attracted with bias to some traps more than others (see Chapter 2. Methods). An 

additional 925 individuals from 131 species were eliminated from analysis because 

they were considered rare species, occurring at less than 5 sampling sites or 

represented by fewer than 5 specimens. Sixty-one of these latter species were 

represented by a single specimen. Ninety-seven species remained for numerical 

analysis. 

Based on species left in the analysis, the number of beetles captured in 

riparian habitat exceeded the number captured in adjacent upslope habitat in all but 

one sampling period (Figure 7). Table 1 has the number of beetle specimens 

captured per trap per day in each habitat for each sampling period. These rates are 

also based on only those species left in the analysis. Table 2 is a list of all species 

and morpho-species collected during the study. Species in this list marked with an 

* were species used for statistical analysis. 
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Figure 7. Habitat Beetle Captures. The total number of beetles captured in 20
pitfall traps in each habitat by sampling date. 

Table 1. Trap Capture Rates. The average number of beetles 
captured per trap per day by date 

Number of Beetles 
per Trap per Day 

Sampling Date Riparian Ups lope 
July 1992 0.565 0.206 
September 1992 0.538 0.243 
May 1993 0.409 0.386 
July 1993 0.349 0.179 
September 1993 0.118 0.106 
May 1994 0.458 0.184 
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Table 2. Species List.
	

46 families 
166 genera 
210 species 
37 unidentified morpho-species 

AGYRTIDAE 
Ipelates latus ( Mannerheim) 
Necrophilus hydrophiloides Guerin-Meneville 

ANTHICIDAE 
Anthicus floralis (Linnaeus) 
Eurygenius camapulatus LeConte * 

BUPRESTIDAE 
Melanophila drummondi (Kirby) 

BYRRHIDAE 
Cytilus alternatus (Say) * 
Lioon simplicipes (Mannerheim) 
Morychus oblongus (LeConte) 

CANTHERIDAE 
Malthodes species 1 
Malthodes species 2 

CARAB1D..AE 
Agonum aeneolum LeConte 
Agonum cupripennis (Say) 
Agonum ovipenne Mannerheim 
Agonum subsericeus (LeConte) 
Amara cupreolata Putzeys * 
Amara littoralis Mannerheim * 
Anisodactylus californicus Dejean 
Apristus constrictus Casey 
Badister ferrugineus Dejean 
Bembidion castum Casey * 
Bembidion iridescens (LeConte) 
Bembidion Plataphus sp 
Bembidion sp. 
Cychrus tuberculatus Harris * 
Dip/ousfilicornis (Casey) * 
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Table 2, Continued. 

CARABIDAE, Continued
	
Elaphrus purpurans Hausen
	
Harpalus opacipennis (Haldeman)
	
Harpalus somnulentus Dejean
	
Harpalus sp
	
Leistus ferruginosus Mannerheim *
	
Metabletus americanus (Dejean)
	
Notiophilus sylvaticus (Escscholtz)
	
Promecognathus crassus LeConte *
	
Pterostichus castanea (Dejean)
	
Pterostichus crenicollis LeConte *
	
Pterostichus herculaneus Mannerheim *
	
Pterostichus inopina (Casey) *
	
Pterostichus lama (Menetries) *
	
Pterostichus melanarius (Illiger)
	
Pterostichus protractus LeConte *
	
Pterostichus tuberculofemoratus Hatch
	
Scaphinotus angulatus (Harris) *
	
Scaphinotus angusticollis (Waldheim)
	
Scaphinotus marginatus (Fischer) *
	
Zacotus matthewsii LeConte *
	

CERAMBYCIDAE 
Phymatodes vulneratum (LeConte) 
Plectrura spinicauda Mannerheim 

CHRYSOMELIDAE 
Altica tombacina ( Mannerheim) 
Epithrix 1 
Epithrix 2 
Haltica ambiens (LeConte) 
Phyllotreta utana Chittenden 
Timarcha intricata Haldeman * 

CICINDELlDAE 
Omus dejeani Reiche * 

CIIDAE 
Cis biarmatus Mannerheim 
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Table 2, Continued. 

COCCINELLIDAE
	
Hippodamia moesta Le Conte
	

CORYLOPHIDAE
	
Sericoderus lateralis (Gyllenhal)
	

CRYPTOPHAG1DAE
	
Anchicera gonodera (Casey) *
	
Anchicera ochracea (Zimmermann) *
	
Atomaria longipennis (Casey)
	
Caenoscelis ferruginea (Sahlberg) *
	
Crytophagus tuberculosus Maldin *
	
Henotiderus Ionia Hatch *
	

CURCULIONIDAE
	
Cryptorhynchus lapathi (Linnaeus)
	
Geoderces incomptus Horn
	
Geoderces puncticollis Casey
	
Geodercodes latipennis Casey *
	
Lepesoma granicollis (LeConte) *
	
Lepesoma lecontei (Casey)
	
Otiorhynchus ovatus (Linnaeus)
	

*Otiorhynchus rugosostriatus (Goeze) 
Otiorhynchus sulcatus (Fabricius) * 
Panscopus gemmatus (LeConte) 
Rhyncolus brunneus Mannerheim * 
Steremnius carinatus (Boheman) * 
Sthereus horridus (Mannerheim) 
Tychius stepheni (SchOnherr) 

DERODONTIDAE 
Peltastica tuberculata Mannerheim 

DYTISCIDAE 
Oreodytes rivalis (Gyllenhal) 

ELATERIDAE 
Agriotella fusca Lane 
Ampedus nigrinus (Herbst) 
Ampedus rhodopus (LeConte) * 
Athous scissus LeConte 
Athous vittiger LeConte 
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Table 2, Continued. 

ELATERIDAE, Continued. 
Ctenicera suckleyi (Le Conte) 
Hemicrepidius montanus Lane 
Megapenthes caprella (Le Conte) 
Negastrius continus Hatch * 
Negastrius dynatus Hatch * 

ELMTDAE 
Cleptelmis ornata (Schaeffer) * 
Narpus concolor (Le Conte) 
Zaitzevia parvulus (Horn) 

ENDOMYCHIDAE 
Stethorhanis borealis Blaisdell 
Xenomycetes laversi Hatch * 

HYDROPHILIDAE 
Cercyon lateralis (Marsham) 
Cercyon minusculum Melsheimer 
Cryptopleurum minutum (Fabricius) 
Megasternum posticatum (Mannerheim) * 
Sphaeridium scarabaeoides (Linnaeus) 

LAMPYRIDAE 
Ellychnia hatchi Fender * 
Phdusis skelleyi Fender * 

LATRIDIIDAE 
Aridius notifer (Westwood) * 
Cartodere constictus (Gyllenhal) * 
Melanophthalma americana (Mannerheim) * 
Melanophthalma villosa (Zimmermann) * 

LEIODIDAE 
Agathedium jasperanum Fall * 
Caenocryta picipinnis (LeConte) * 
Catoptrichus frankenhaeuseri (Mannerheim) 
Catopocerus capizzii Hatch 
Catops basilaris Say 
Colon 1 
Colon 2 
Hydnobius longulus LeConte * 
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Table 2, Continued. 

LEIODIDAE; Continued.
	
Leiodidae 1 *
	

LUCANIDAE 
Platyceroides laticollis (Casey) * 
Sinodendron rugosum Mannerheim 

MONOTOMIDAE 
Monotoma spinicollis Aube 

MYCETOPHAGIDAE 
Mycetophagus pluriguttatus Le Conte 
Typhaea stercorea (Linnaeus) 

NITIDULIDAE 
Cmpophilus sp. 
Epuraea aestiva Linnaeus 
Epuraea avara (Randall) 
Epuraea obtusicollis Reitter 
Omosita discoidea (Fabricius) 

OEDEMERIDAE-
Ditylus quadricollis Le Conte * 

PROSTOMIDAE 
Prostomis mandibularis (Fabricius) 

PSEPHENIDAE 
Acneus oregonensis Fender 

PTILIDAE 
Acrotrichis diffinis (Matthews) * 
Ptenidium pusillum (Gyllenhal) 

PYROCHORIDAE 
Dendroides ephemaroides (Mannerheim) 

RHYSODIDAE 
Clinidium calcaratum Le Conte 
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Table 2, Continued. 

SCARABAEIDAE
	
Aegialia blanchardi Horn *
	
Aegialia opaca Brown *
	
Aphodius opacus Le Conte *
	
Dichelonyx backii (Kirby)
	

SCOLYTIDAE
	
Dendroctonus pseudotsugae Hopkins
	
Hylastes nigrinus (Mannerheim)
	
Xyleborinus saxeseni (Ratzeburg) *
	
Xyleborus dispar (Fabricius)
	

SCRAPTIIDAE 
Anaspis rufa Say 

SCYDMAENIDAE 
Cephennium clavatum Marsh * 
Lophioderus arcifer Casey * 
Lophioderus similis Marsh * 
Scydmaenus fiichsi (Brendel) * 
Scydmaenus ovipennis Casey 
Scydmaenus pacificus Casey 
Veraphis mirabilis Marsh * 

SILPHIDAE 
Nicrophorus defodiens Mannerheim 

SILVANIDAE 
Silvanus bidentatus (Fabricius) 

SPHAERITIDAE 
Sphaerites politus (Mannerheim) 

STAPHYLINIDAE 
Actium barri Park and Wagner * 
Aleocharinae 2 
Aleocharinae 10 
Aleocharinae 11 
Aleocharinae 12 
Aleocharinae 13 
Aleocharinae 14 
Aleocharinae 15 
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Table 2, Continued. 

STAPHYLINIDAE, Continued. 
Aleocharinae 16 
Aleocharinae 25 
Aleocharinae 29 
Aleocharinae 36 
Aleocharinae 43 
Aleocharinae 46 
Aleocharinae 53 
Aleocharinae 55 
Aleocharinae 56 
Aleocharinae 70 
Aleocharinae 72 
Anotvlus tetracarinatus (Block) * 
Anthobium subcostatum Min * 
Astenus longiusculus (Mannerheim) 
Batrisodes albionicus (Aube) * 
Beeria nematocera (Casey) 
Bryophacis discalis (Hatch) 
Bryophacis punctatissimus (Hatch) * 
Carphacis nepigonensis (Bernhauer) 
Creophilus maxillosus (Linnaeus) 
Cupila clavicornis (Maklin) 
Elonium crenulata (Hatch) 
Elonium rugosa (Hatch) * 
Empelus brunnipennis (Mannerheim) * 
Eusphalerum fan-arae (Hatch) 
Eusphalerum fenyesi (Bernhauer) * 
Eusphalerum grayae (Hatch)
Falagria dissecta Erichson 
Gabrius sp. * 
Hemiquedius fusculus (LeConte) *
	
Ischnosoma californicus (Bernhauer & Schubert)
	
Lathrobium divisum LeConte *
	
Leptacinus batychrus (Gyllenhal)
	
Lithocharis capitulum (Casey)
	
Lordithon oregonus Campbell
	
Lucifotychus cognatus (LeConte) *
	
Lucifotychus impellus Park & Wagner *
	
Medon shastanicum (Casey)
	
Megarthrus arcuatus Hatch
	
Megarthrus pictus Motschulsky *
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Table 2, Continued 

STAPHYLINIDAE, Continued. 
Mycetoporus consors Le Conte 
Myrmecocophalus concinna (Erichson) 
Olophrum stouti Hatch * 
Orobanus tarsalis Hatch * 
Oropus striatus (Le Conte) * 
Oxytelus laqueatus (Mannerheim) 
Philonthus concinnus (Gravenhorst) 
Philonthus cruentatus (Gme lin) * 
Philonthus spiniformis Hatch 
Phloeonomus pusillum (Gravenhorst) * 
Proteinus basalis Maklin 
Proteinus lambatus Maldin 
Psephidonus integer (Casey) 
Psephidonus temporalis (Casey) 
Pselaptrichus rothi Park 
Ouedius breviceps (Casey) * 
Ouedius prostans Horn * 
Reichenbachia albionica Motschulsky * 
Rugilus oregonus (Casey) 
Sonoma conifer Chandler 
Sonoma parviceps (Malin) * 
Staphylinus saphyrinus LeConte * 
Stenus jejunus Casey
	
Stenus maritimus Motschulsky *
	
Stenus shoshonis Casey *
	
Stenus subgrisceus Casey
	
Subhadia ingrata (Hatch)
	
Tachinus crotchii Horn *
	
Tachinus debilis Horn *
	
Tachinus maculicollis Makin
	
Tachinus semirufus Horn *
	
Trichophya pilicornis Gyllenhal
	
Zalobius spinicollis LeConte
	
Staphylinidae 1
	
Staphylinidae 5
	
Staphylinidae 40
	
Staphylinidae 59 *
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Table 2, Continued 

TENEBRIONIDAE 
Clamoris americana (Horn) 
Coelocnemis californica Mannerheim 
He lops edwardsii Horn 
Scaphidema pictum Horn 
Tenebrionidae 1 

THROSCIDAE 
Aulonothroscus validus (Le Conte) * 
Pactopus hornii Le Conte * 
Trixagus sericeus (Le Conte) * 

ZOPHERIDAE 
Phellopsis porcatum (LeConte) * 
Usechus nucleatus Casey * 

UNKNOWN 42 
UNKNOWN 44 
UNKNOWN 48 
UNKNOWN 58 
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Beetles representing 46 families (60%) of the 77 beetle families known to 

occur on the HJ Andrews Experimental Forest were collected in pitfall traps during 

the study. Family identifications were mostly accomplished with the use of keys 

from Hatch (1953-1971), Arnett (1971), and Downie and Arnett (1996). 

Of the top six most abundant families, Staphylinidae accounted for 31.4%, 

Carabidae 21.7%, Leodidae 11.1%, Latridfidae 8.2%, Elateridae 4.6%, and 

Curculionidae 4.2% of the total specimens collected (Figure 8). Staphylinidae 

(36.7%) was the most abundant family in riparian habitat, and Carabidae (37%) 

was the most abundant family in adjacent upslope habitat. Staphylinidae 

(rove beetles). and Carabidae (ground beetles) accounted for more than 53% of the 

total specimens collected. Slightly more than 10% (833) of the 7905 total beetles 

collected were necrophages, species that feed on dead and decaying animals. 

The abundance of Staphylinidae captured in pitfall traps varied with sampling 

date. However, there was no consistent overall seasonal pattern to the overall 

number of rove beetles captured during the two years but a seasonal pattern was 

apparent some species (Figure 9). In Riparian habitat, rove beetles had the highest 

relative abundance for each sampling period (Figure 10) and accounted for about 

36.7% of the total riparian trap catch (Figure 8). Staphylinids were less dominant 

in the upslope habitat, accounting for only about 20% of the total upslope trap 

catch. 
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Six Most Abundant Beetle Families 
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Figure 8. Most Abundant Families. The proportions of beetle captures of the six
most abundant families of beetles (exclusive of necrophages) captured in pitfall 
traps in riparian and adjacent upslope habitats along Lookout Creek during six 
sampling dates in 1992 through 1994. 
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Figure 9. Staphylinidae Captures. The number of Staphylinidae beetles captured 
in pitfall traps in riparian and adjacent upslope habitats along Lookout Creek 
during six sampling dates in 1992 through 1994. 
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Figure 10. Riparian Family Proportions. The proportions of the six most abundant 
families captured in pitfall traps in riparian habitat along Lookout Creek during six
sampling dates in 1992 through 1994. 
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Carabidae made up 21.7% of the total beetle catch and was the dominant 

beetle family in upslope habitat, accounting for almost 37% of the total upslope 

catch (Figure 11). 

They were the second most abundant family in riparian habitat, and 

represented about 16% of the total riparian beetle capture (Figure 10). Carabid 

abundance was always highest in May and declined throughout the rest of the year 

(Figure 12). 

The family Latridiidae was among the six most abundant beetle families 

that occurred in pitfall traps, representing about 8.2% of the total trap capture for 

the study (Figure 8). During the first sampling period Latridiidae made up about 

16.4% of the total catch. Thereafter, the proportion of Latridiidae never exceeded 

12% (Figure 13). The drop in actual number of Latridiidae captured was even 

more dramatic. Three hundred and eight specimens fell into pitfall traps during the 

July 1992 sampling period, declined to 223 in September 1992, and after that never 

exceeded 80 (Figure 14). 

Fifteen of the families collected had more than 50 specimens, and only 11 

families had more than 100 specimens (Table 3). Twenty-nine of the families 

collected were represented by fewer than 50 specimens and 17 by fewer than 10 

specimens (Table 3). There was no consistent or discernable pattern to the 

distribution of families that can be used to discriminate between riparian and 

upslope habitats. 
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Figure 11. Ups lope Family Proportions. The proportions of the six most abundant 
families captured in pitfall traps in upslope habitat along Lookout Creek during six 
sampling dates in 1992 through 1994. 
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Figure 12. Carabidae Captures. The number of Carabidae beetles captured in 
pitfall traps in riparian and adjacent upslope habitats along Lookout Creek during 
six sampling dates in 1992 through 1994. 
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Figure 13. Latridiidae Proportions. The proportion of Latridiidae beetles captured 
in pitfall traps in riparian and adjacent upslope habitats alongLookout Creek during 
six sampling dates in 1992 through 1994. 
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Figure 14. Latridiidae Captures. The counts of Latridiidae beetles captured in 
pitfall traps in riparian and adjacent upslope habitats alongLookout Creek during 
six sampling dates in 1992 through 1994. 
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Table 3. Beetle Family Counts. The number of specimens in each beetle
	
family captured in pitfall traps along Lookout Creek, Oregon during 6
	

sampling dates in 1992-1994 ranked by abundance. 

Family All Habitats Riparian Ups lope Transition 
Staphylinidae 2482 1612 469 401 
Carabidae 1713 684 868 161 
Leiodidae 874 565 155 154 
Latridiidae 650 349 143 158 
Elateridae 366 356 6 4 
Curculionidae 334 65 240 29 
Silphidae 209 91 63 55 
Oedemeridae 204 120 39 45 
Scolytidae 203 132 13 58 
Scydmaenidae 181 64 88 29 
Cryptophagidae 139 49 81 9 
Ptilidae 83 60 19 4 
Scarabaeidae 75 44 25 6 
Elmidae 69 64 0 5 
Throscidae 54 18 25 11 
Zopheridae 35 4 23 8 
Lampyridae 34 5 18 11 
Cicindelidae 32 3 29 0 
Chrysomelidae 19 15 2 2 
Hydrophilidae 18 14 2 2 
Nitidulidae 17 13 3 1 

Anthicidae 13 12 0 1 

Lucanidae 13 2 8 3 
Byrrhidae 12 6 6 0 
Tenebrionidae 12 11 0 1 

Agyrtidae 11 2 8 1 

Endomychidae 11 5 5 1 

Corylophidae 5 3 0 2 
Mycetophagidae 4 0 0 4 
Sphaeritidae 4 3 0 1 

Dytiscidae 3 3 0 0 
Derodontidae 2 2 0 0 
Ciidae 2 2 0 0 
Cerambycidae 2 0 2 0 
Cantheridae 2 0 1 1 

Pyrochoridae 2 1 0 1 

Scraptiidae 2 1 1 0 
Buprestidae 1 0 1 0 
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Table 3, Continued 

Family All Habitats Riparian Ups lope Transition 
Coccinellidae 1 1 0 0 
Monotomidae 1 1 0 0 
Prostomidae 1 0 1 0 
Psephenidae 1 1 0 0 
Rhysodidae 1 1 0 0 
Silvanidae 1 0 1 0 
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One hundred and sixty-two species had 10 or fewer specimens and 129 had 

5 or less specimens (Table 4). Beetles representing 210 species and 39 morpho-

species (30.2%) of the 824 beetle species reported to occur on the HJA were 

collected in pitfall traps during the study. The 10 most abundant species made up 

about 46% of the total catch (Table 5). 

The most abundant species captured was the Leiodidae Catops basilaris 

(800 specimens) representing almost 10% of the total catch. This scavenger often 

occus in large numbers on carrion. Nineteen species had more than 100 specimens. 

Several species occurred in only one of the two habitats sampled (Table 6). 

One hundred twenty-one species were collected only in the riparian habitat and 41 

were found only in the adjacent upslope habitat (Table 6). Most of the species 

were not abundant. 

About 17% (35) of the 210 identified species that were collected were non-

indigenous species (Table 7). These species accounted for about 12% (936) of the 

total individuals captured in traps. Non-indigenous species are those species that 

occur outside of their natural range. 

Of the 160 species represented by more than one specimen or were 

not species of excluded groups, 147 were collected from riparian habitat and 104 

were collected in upslope habitat. Fifty-four species were collected only in riparian 

habitat and 11 were collected only in upslope habitat. 
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Table 4. Species Counts. The number of specimens in each beetle
	
species captured in pitfall traps along Lookout Creek, Oregon
	
during 6 sampling dates in 1992-1994 ranked by abundance.
	

Habitat Counts 
FAMILY 
Leiodidae 

SPECIES 
Catops basilaris 

Total 
800 

Riparian Upslope Transition 
512 137 151 

Latridiidae Aridus notifer 530 311 84 135 
Staphylinidae Tachinus semirufus 424 231 84 109 
Staphylinidae Aleocharinae 2 323 161 135 27 
Elateridae Ampedus rhodopus 308 306 1 1 

Carabidae 
Carabidae 

Promecognathus crassus 
Pterostichus crenicollis 

284 
271 

25 
259 

225 
5 

34 
7 

Staphylinidae Aleocharinae 15 241 190 29 22 
Curculionidae Steremnius carinatus 234 20 199 15 
Carabidae Pterostichus lama 210 26 168 16 
Silphidae Nicrophorus defodiens 209 91 63 55 
Oedemeridae Ditylus quadricollis 204 120 39 45 
Carabidae Pterostichus herculaneus 189 7 159 23 
Scolytidae Bostrichus saxeseni 187 129 6 52 
Staphylinidae Anthobium subcostatum 149 116 19 14 
Carabidae Scaphinotus angulatus 141 38 88 15 
Staphylinidae Megarthrus pictus 126 81 14 31 
Staphylinidae Aleocharinae 14 121 37 2 82 
Staphylinidae Elonium crenulata 108 79 23 6 
Carabidae Cychrus tuberculatus 93 12 46 35 
Carabidae Bembidion iridescens 91 83 5 3 
Latridiidae Cartodere constictus 90 17 55 18 
Staphylinidae Ouedius breviceps 86 67 11 8 
Carabidae 
Ptilidae 

Diplous filicornis 
Acrotrichis diffinis 

83 
82 

83 
60 

0 
18 

0 
4 

Carabidae Zacotus matthewsii 81 3 78 0 
Staphylinidae Tachinus debilis 75 59 15 1 

Cryptophagidae Henotiderus lorna 70 11 55 4 
Staphylinidae Phloeonomus pusillum 68 48 7 13 
Carabidae Pterostichus protractus 67 10 49 8 
Elmidae Cleptelmis ornata 61 58 0 3 
Scydmaenidae Lophioderus arcifer 61 11 38 12 
Carabidae Scaphinotus marginatus 57 23 28 6 
Staphylinidae Batrisodes albionicus 50 20 21 9 
Scydmaenidae Veraphis mirabilis 44 28 12 4 
Staphylinidae Aleocharinae 13 43 19 8 16 
Staphylinidae Staphylinus saphyrinus 42 40 1 1 
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Table 4, Continued. 

Habitat Counts 
FAMILY SPECIES Total Riparian Upslope Transition
Staphylinidae Elonium rugosa 40 35 5 0 
Staphylinidae Aleocharinae 55 39 37 1 1 
Cicindelidae Omus dejeani 32 3 29 0 
Staphylinidae Tachinus crotchi 32 29 2 1
Elateridae Negastrius dynatus 31 29 0 2 
Staphylinidae Eusphalerum fenyesi 30 23 6 1 
Carabidae Amara cupreolata 29 25 0 4 
Scarabaeidae Aegialia blanchardi 29 22 3 4 
Throscidae Aulonothroscus validus 29 2 24 3 
Scydmaenidae Scydmaenus fuchsi 28 7 17 4 
Staphylinidae Olophrum stouti 27 20 5 2 
Cryptophagidae Anchicera ochracea 26 18 6 2 
Scarabaeidae Aphodius opacus 26 8 17 1 
Staphylinidae Lucifotychus impellus 26 18 5 3 
Curculionidae Otiorhynchus rugosostriatus 23 14 3 6 
Staphylinidae Oropus striatus 23 11 9 3 
Carabidae Amara littoralis 22 20 0 2 
Cryptophagidae Anchicera gonodera 22 14 7 1
	
Latridiidae Melanophthalma americana 22 16 4 2
	
Staphylinidae Aleocharinae 29 22 19 3 0
	
Staphylinidae Reichenbachia albionica 22 16 5 1
	

Curculionidae Rhyncolus brunneus 21 8 10 3
	
Lampyridae Phausis skelleyi 21 1 14 6
	
Scydmaenidae Cephennium clavatum 21 6 11 4
	
Staphylinidae Aleocharinae 10 21 6 0 15
	
Staphylinidae Lucifotychus cognatus 20 17 2 1
	

Zopheridae Phellopsis porcatum 20 1 14 5
	
Leiodidae Agathedium jasperanum 19 13 4 2
	
Leiodidae Colon 1 19 17 2 0 
Scarabaeidae Aegialia opaca 19 14 4 1 
Staphylinidae Gabrius sp. 19 12 3 4 
Staphylinidae Ouedius prostans 18 13 4 1 
Staphylinidae Sonoma parviceps 18 15 2 1 
Throscidae Trixagus sericeus 18 11 1 6 
Carabidae Leistus ferruginosus 17 16 1 0 
Staphylinidae Aleocharinae 25 17 12 5 0 
Staphylinidae Empelus brunnipennis 17 14 2 1 

Staphylinidae Aleocharinae 12 16 5 1 10 
Staphylinidae Orobanus tarsalis 16 10 6 0 
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Table 4, Continued. 

Habitat Counts 
FAMILY SPECIES Total Riparian Upslope Transition 
Staphylinidae Staphylinidae 59 16 4 9 3 
Zopheridae Usechus nucleatus 15 3 9 3 
Leiodidae Caenocryta picipinnis 14 13 1 0 
Scydmaenidae 
Staphylinidae 

Lophioderus similis 
Philonthus cruentatus 

14 
14 

7 
13 

5 
0 

2 
1 

Carabidae Agonum aeneolum 13 13 0 0 
Carabidae Harpalus opacipennis 13 7 0 6 
Lampyridae Ellychnia hatchi 13 4 4 5 
Anthicidae Eurygenius campanulatus 12 11 0 1 

Lucanidae Platyceroides laticollis 12 2 8 2 
Staphylinidae Lathrobium divisum 12 12 0 0 
Staphylinidae Stenus subgrisceus 12 12 0 0 
Agyrtidae Ipelates latus 11 2 8 1 

Curculionidae Geodercodes latipennis 11 1 10 0 
Leiodidae Leiodidae sp. 11 5 5 1 

Cryptophagidae Caenoscelis ferruginea 10 4 5 1 

Elateridae Negastrius continus 10 9 0 1 

Endomychidae Xenomycetes laversi 10 5 4 1 

Scydmaenidae Scydmaenidae 6 10 5 4 1 

Cryptophagidae 
Nitidulidae 

Crytophagus tuberculosus 
Epuraea avara 

9 
9 

1 

7 
8 
2 

0 
0 

Staphylinidae Bryophacis punctatissimus 9 5 4 0 
Staphylinidae Hemiquedius fusculus 9 6 3 0 
Carabidae Bembidion castum 8 7 1 0 
Carabidae Pterostichus inopina 8 2 6 0 
Chrysomelidae 
Curculionidae 

Epithrix 1 
Lepesoma lecontei 

8 
8 

8 
0 

0 
6 

0 
2 

Curculionidae Otiorhynchus ovatus 8 7 0 1 

Latridiidae Melanophthalma villosa 8 5 0 3 
Leiodidae Hydnobius longulus 8 5 3 0 
Staphylinidae Actium .barri 8 7 0 1 

Staphylinidae Aleocharinae 70 8 7 0 1 

Staphylinidae Stenus shoshonis 8 8 0 0 
Carabidae Agonum subsericeus 7 7 0 0 
Chrysomelidae Timarcha intricata 7 3 2 2 
Hydrophilidae Megasternum posticatum 7 5 0 2 
Staphylinidae Aleocharinae 46 7 4 3 0 
Staphylinidae Philonthus spiniformis 7 6 0 1 

Throscidae Pactopus hornii 7 5 0 2 
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Table 4, Continued. 

Habitat Counts
	
FAMILY SPECIES Total Riparian Upslope Transition

Byrrhidae Cytilus alternatus 6 3 3 0
	
Curculionidae Lepesoma granicollis 6 4 2 0
	
Curculionidae Sthereus horridus 6 1 5 0
	
Elmidae Narpus concolor 6
	
Scolytidae Hylastes nigrinus 6
	
Scolytidae Xyleborus dispar 6
	
Staphylinidae Aleocharinae 56 6
	
Staphylinidae Anotylus tetracarinatus 6
	
Tenebrionidae Scaphidema pictum 6
	
Carabidae P. tuberculofemoratus 5
	
Corylophidae Sericoderus lateralis 5
	
Curculionidae Otiorhynchus sulcatus 5
	

Hydrophilidae Cryptopleurum minutum 5
	
Nitidulidae Epuraea obtusicollis 5
	
Staphylinidae Aleocharinae 11 5
	
Staphylinidae Oxytelus laqueatus 5
	
Staphylinidae Stenus maritimus 5
	
Staphylinidae Subhadia ingrata 5
	
Carabidae Anisoclactylus californicus 4
	
Curculionidae Tychius stepheni 4
	
Elateridae Megapenthes caprella 4
	
Scolytidae Dendroctonus pseudotsugae 4
	
Sphaeritidae Sphaerites politus 4
	
Staphylinidae Cupila clavicornis 4
	
Staphylinidae Leptacinus batychrus 4
	
Staphylinidae Psephidonus integer 4
	
Staphylinidae Tachinus maculicollis 4
	
Tenebrionidae Coelocnemis californica 4
	

Unknown 42 4
	
Byrrhidae Lioon simplicipes 3
	
Byrrhidae Morychus oblongus 3
	
Carabidae Agonum ovipenne 3
	
Carabidae Metabletus americanus 3
	

Carabidae Pterostichus castanea 3
	
Dytiscidae Oreodytes rivalis 3
	
Elateridae Agriotella fusca 3
	
Elateridae Ctenicera suckleyi 3
	
Hydrophilidae Cercyon minusculum 3
	
Mycetophagidae Mycetophagus pluriguttatus 3
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Table 4, Continued.
	

Habitat Counts 
FAMILY 
Scydmaenidae 

SPECIES 
Scydmaenidae 7 

Total 
3 

Riparian Upslope Transition 
0 1 2 

Staphylinidae Aleocharinae 53 3 1 2 0 
Staphylinidae Medon shastanicum 3 2 1 0 
Staphylinidae 
Staphylinidae 

Megarthrus arcuatus 
Mycetoporus consors 

3 
3 

3 
0 

0 
2 

0 
1 

Staphylinidae 
Carabidae 

Myrmecocophalus concinna 
Elaphrus purpurans 

3 
2 

3 
2 

0 
0 

0 
0 

Chrysomelidae Altica tombacina 2 2 0 0 
Ciidae Cis biarmatus 2 2 0 0 
Cryptophagidae Atomaria longipennis 2 1 0 1 

Curculionidae 
Curculionidae 

Ctyptorhynchus lapathi 
Geodercus incomptus 

2 
2 

1 

0 
1 

0 
0 
2 

Curculionidae 
Curculionidae 

Geodercus puncticollis 
Panscopus gemmatus 

2 
2 

0 
0 

2 
2 

0 
0 

Derodontidae Peltastica tuberculata 2 2 0 0 
Elateridae Athous scissus 2 0 2 0 
Elateridae 
Elateridae 
Hydrophilidae 
Pyrochoridae 
Scraptiidae 

Athous vittiger 
Hemicrepidus montanus 
Cercyon lateralis 
Dendroides ephemaroides 
Anaspis rufa 

2 
2 
2 
2 
2 

1 

2 
1 

1 

1 

1 

0 
1 

0 
1 

0 
0 
0 
1 

0 
Staphylinidae Aleocharinae 36 2 2 0 0 
Staphylinidae Carphacis nepigonensis 2 1 0 1 

Staphylinidae 
Staphylinidae 

Falagria dissecta 
Lithocharis capitulum 

2 
2 

2 
2 

0 
0 

0 
0 

Staphylinidae Philonthus concinnus 2 0 1 1 

Staphylinidae 
Staphylinidae 
Anthicidae 

Psephidonus temporalis 
Zalobius spinicollis 
Anthicus floralis 

2 
2 
1 

2 
2 
1 

0 
0 
0 

0 
0 
0 

Buprestidae 
Cantheridae 

Melanophila drummondi 
Malthodes 1 

1 

1 

0 
0 

1 

0 
0 
1 

Cantheridae Malthodes 2 1 0 1 0 
Carabidae 
Carabidae 

Agonum cupripennis 
Apristus constrictus 

1 

1 

1 

1 

0 
'0 

0 
0 

Carabidae 
Carabidae 
Carabidae 

Badister ferrugineus 
Bembidion Plataphus sp. 
Bembidion sp. 

1 

1 

1 

1 

1 

1 

0 
0 
0 

0 
0 
0 

Carabidae Harpalus somnulentus 1 0 0 1 

Carabidae Harpulus sp. 1 1 0 0 
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Table 4, Continued. 

Habitat Counts 
FAMILY SPECIES Total Riparian Upslope Transition
Carabidae Notiophilus s:ylvaticus 1 0 1 0 
Carabidae Pterostichus melanarius 1 1 0 0 
Cerambycidae Phymatodes vulneratum 1 0 1 0 
Cerambycidae Plectrura spinicauda 1 0 1 0 
Chrysomelidae Haltica ambiens 1 1 0 0 
Chrysomelidae Phyllotreta utana 1 1 0 0 
Coccinellidae Hippodamia moesta 1 1 0 0 
Elateridae Ampedus nigrinus 1 0 1 0 
Elmidae Elmidae 7 0 0 11 

Elmidae Zaitzevia parvulus 1 0 0 1 

Endomychidae Stethorhanis borealis 1 0 1 0 
Hydrophilidae Sphaeridium scarabaeoides 1 1 0 0 
Leiodidae Catopocerus capizzii 1 0 1 0 
Leiodidae Catoptrichus frankenhaeuseri 1 0 1 0 
Leiodidae Colon 2 1 0 1 0 
Lucanidae Sinodendron rugosum 1 0 0 1 

Monotomidae Monotoma spinicollis 1 1 0 0 
Mycetophagidae Typhaea stercorea 1 0 0 1 
Nitidulidae Carpophilus sp. 1 0 1 0 
Nitidulidae Epuraea aestiva 1 1 0 0 
Nitidulidae Osmosita discoidea 1 1 0 0 
Prostomidae Trogosita mandibularis 0 1 01 

Psephenidae Acneus oregonensis 1 1 0 0 
Ptilidae Ptenidium pusillum 1 0 1 0 
Rhysodidae Clinidium calcaratum 1 1 0 0 
Scarabaeidae Dichelonyx backii 1 0 1 0 
Silvanidae Silvanus bidentatus 1 0 1 0 
Staphylinidae Aleocharinae 16 1 0 0 1 

Staphylinidae Aleocharinae 72 1 1 0 0 
Staphylinidae Astenus longiusculus 1 1 0 0 
Staphylinidae Beeria nematocera 1 0 1 0 
Staphylinidae Bryophacis discalis 0 01 1 

Staphylinidae Creophilus maxillosus 1 1 0 0 
Staphylinidae Eusphalerum farrarae 1 1 0 0 
Staphylinidae Eusphalerum grayae 1 1 0 0 
Staphylinidae Ischnosoma californicus 1 0 1 0 
Staphylinidae Lordithon oregonus 1 1 0 0 
Staphylinidae Proteinus basalis 1 1 0 0 
Staphylinidae Pselaptrichus rothi 1 0 1 0 
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Table 4, Continued. 

Habitat Counts 
FAMILY SPECIES Total Riparian Ups lope Transition 
Staphylinidae Rugilus oregonus 1 1 0 0 
Staphylinidae Staphylinidae 17 1 1 0 0 
Staphylinidae Staphylinidae 5 1 1 0 0 
Staphylinidae Trichophya pilicornis 1 1 0 0 
Tenebrionidae He lops edwardsii 1 0 0 1 

Tenebrionidae Tenebrionidae Unknown 1 I 0 0 
Unknown 38 1 0 1 0 
Unknown 44 1 1 0 0 
Unknown 58 1 I 0 0 
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Table 5. Species Counts and Proportions. The total number, proportion of 
total beetle capture and cumulative proportion of specimens of each beetle 

species captured in pitfall traps along Lookout Creek, Oregon during 6 
sampling dates in 1992-1994 ranked by abundance. 

Counts 
FAMILY 
Leiodidae 

SPECIES 
Catops basilaris 

Total 
Count 

800 

Proportion 
Of Total 

0.101 

Cumulative 
Proportion 

0.101 
Latridiidae Aridus notifer 530 0.067 0.168 
Staphylinidae Tachinus semirufus 424 0.054 0.222 
Staphylinidae Aleocharinae 2 323 0.041 0.263 
Elateridae Ampedus rhodopus 308 0.039 0.302 
Carabidae Promecognathus crassus 284 0.036 0.338 
Carabidae Pterostichus crenicollis 271 0.034 0.372 
Staphylinidae Aleocharinae 15 241 0.030 0.402 
Curculionidae Steremnius carinatus 234 0.030 0.432 
Carabidae Pterostichus lama 210 0.027 0.459 
Silphidae Nicrophorus defodiens 209 0.026 0.485 
Oedemeridae Ditylus quadricollis 204 0.026 0.511 
Carabidae Pterostichus herculaneus 189 0.024 0.535 
Scolytidae Bostrichus saxeseni 187 0.024 0.558 
Staphylinidae Anthobium subcostatum 149 0.019 0.577 
Carabidae Scaphinotus angulatus 141 0.018 0.595 
Staphylinidae Megarthrus pictus 126 0.016 0.611 
Staphylinidae Aleocharinae 14 121 0.015 0.626 
Staphylinidae Elonium crenulata 108 0.014 0.640 
Carabidae Cychrus tuberculatus 93 0.012 0.652 
Carabidae Bembidion iridescens 91 0.012 0.663 
Latridiidae Cartodere constictus 90 0.011 0.675 
Staphylinidae 
Carabidae 

Ouedius breviceps 
Diplous filicornis 

86 
83 

0.011 
0.010 

0.686 
0.696 

Ptilidae Acrotrichis diffinis 82 0.010 0.706 
Carabidae Zacotus matthewsii 81 0.010 0.717 
Staphylinidae Tachinus debilis 75 0.009 0.726 
Cryptophagidae Henotiderus lorna 70 0.009 0.735 
Staphylinidae Phloeonomus pusillum 68 0.009 0.744 
Carabidae Pterostichus protractus 67 0.008 0.752 
Elmidae Cleptelmis ornata 61 0.008 0.760 
Scydmaenidae Lophioderus arcifer 61 0.008 0.767 
Carabidae Scaphinotus marginatus 57 0.007 0.775 
Staphylinidae Batrisodes albionicus 50 0.006 0.781 
Scydmaenidae Veraphis mirabilis 44 0.006 0.787 
Staphylinidae Aleocharinae 13 43 0.005 0.792 
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Table 5, Continued. 

Counts Total Proportion Cumulative 
FAMILY 
Staphylinidae 

SPECIES 
Staphylinus saphyrinus 

Count 
42 

Of Total 
0.005 

Proportion 
0.797 

Staphylinidae Elonium rugosa 40 0.005 0.802 
Staphylinidae Aleocharinae 55 39 0.005 0.807 
Cicindelidae Omus dejeanii 32 0.004 0.811 
Staphylinidae Tachinus crotchi 32 0.004 0.815 
Elateridae Negastrius dynatus 31 0.004 0.819 
Staphylinidae Eusphalerum fenyesi 30 0.004 0.823 
Carabidae Amara cupreolata 29 0.004 0.827 
Scarabaeidae Aegialia blanchardi 29 0.004 0.830 
Throscidae Aulonothroscus validus 29 0.004 0.834 
Scydmaenidae Scydmaenus fuchsi 28 0.004 0.838 
Staphylinidae Olophrum stouti 27 0.003 0.841 
Cryptophagidae Anchicera ochracea 26 0.003 0.844 
Scarabaeidae Aphodius opacus 26 0.003 0.848 
Staphylinidae Lucifolychus impellus 26 0.003 0.851 
Curculionidae Otiorhynchus rugosostriatus 23 0.003 0.854 
Staphylinidae Oropus striatus 23 0.003 0.857 
Carabidae Amara littoralis 22 0.003 0.860 
Cryptophagidae Anchicera gonodera 22 0.003 0.862 
Latridiidae Melanophthalma americana 22 0.003 0.865 
Staphylinidae Aleocharinae 29 22 0.003 0.868 
Staphylinidae Reichenbachia albionica 22 0.003 0.871 
Curculionidae Rhyncolus brunneus 21 0.003 0.873 
Lampyridae Phausis skelleyi 21 0.003 0.876 
Scydmaenidae Cephennium clavatum 21 0.003 0.879 
Staphylinidae Aleocharinae 10 21 0.003 0.881 
Staphylinidae 
Zopheridae 

Lucifotychus cognatus 
Phellopsis porcatum 

20 
20 

0.003 
0.003 

0.884 
0.886 

Leiodidae Agathedium jasperanum 19 0.002 0.889 
Leiodidae Colon 1 19 0.002 0.891 
Scarabaeidae Aegialia opaca 19 0.002 0.894 
Staphylinidae Gabrius sp. 19 0.002 0.896 
Staphylinidae Quedius prostans 18 0.002 0.898 
Staphylinidae Sonoma parviceps 18 0.002 0.901 
Throscidae Trixagus sericeus 18 0.002 0.903 
Carabidae Leistus ferruginosus 17 0.002 0.905 
Staphylinidae Aleocharinae 25 17 0.002 0.907 
Staphylinidae Empelus brunnipennis 17 0.002 0.909 
Staphylinidae Aleocharinae 12 16 0.002 0.911 
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Table 5, Continued.
	

Counts Total Proportion Cumulative 
FAMILY 
Staphylinidae 

SPECIES 
Orobanus tarsalis 

Count 
16 

Of Total 
0.002 

Proportion 
0.913 

Staphylinidae Staphylinidae 59 16 0.002 0.915 
Zopheridae Usechus nucleatus 15 0.002 0.917 
Leiodidae Caenocryta picipinnis 14 0.002 0.919 
Scydmaenidae Lophioderus similis 14 0.002 0.921 
Staphylinidae Philonthus cruentatus 14 0.002 0.923 
Carabidae Agonum aeneolum 13 0.002 0.924 
Carabidae Harpalus opacipennis 13 0.002 0.926 
Lampyridae Ellychnia hatchi 13 0.002 0.928 
Anthicidae Elio/genius campanulatus 12 0.002 0.929 
Lucanidae Platyceroides laticollis 12 0.002 0.931 
Staphylinidae Lathrobium divisum 12 0.002 0.932 
Staphylinidae Stenus subgrisceus 12 0.002 0.934 
Agyrtidae Ipelates latus 11 0.001 0.935 
Curculionidae Geodercodes latipennis 11 0.001 0.936 
Leiodidae Leiodidae sp. 11 0.001 0.938 
Cryptophagidae Caenoscelis ferruginea 10 0.001 0.939 
Elateridae Negastrius continus 10 0.001 0.940 
Endomychidae Xenomycetes laversi 10 0.001 0.942 
Scydmaenidae Scydmaenidae 6 10 0.001 0.943 
Cryptophagidae Crytophagus tuberculosus 9 0.001 0.944 
Nitidulidae Epuraea avara 9 0.001 0.945 
Staphylinidae Bryophacis punctatissimus 9 0.001 0.946 
Staphylinidae Hemiquedius fusculus 9 0.001 0.947 
Carabidae Bembidion castum 8 0.001 0.948 
Carabidae 
Chrysomelidae 

Pterostichus inopina 
Epithrix 1 

8 
8 

0.001 
0.001 

0.949 
0.950 

Curculionidae Lepesoma lecontei 8 0.001 0.951 
Curculionidae Otiorhynchus ovatus 8 0.001 0.952 
Latridiidae Melanophthalma villosa 8 0.001 0.953 
Leiodidae Hydnobius longulus 8 0.001 0.954 
Staphylinidae Actium barri 8 0.001 0.955 
Staphylinidae Aleocharinae 70 8 0.001 0.956 
Staphylinidae Stenus shoshonis 3 0.001 0.957 
Carabidae Agonum subsericeus 7 0.001 0.958 
Chrysomelidae Timarcha intricata 7 0.001 0.959 
Hydrophilidae Megasternum posticatum 7 0.001 0.960 
Staphylinidae Aleocharinae 46 7 0.001 0.961 
Staphylinidae Philonthus spiniformis 7 0.001 0.962 
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Table 5, Continued. 

Counts 
FAMILY 
Throscidae 

SPECIES 
Pactopus hornii 

Total 
Count 

7 

Proportion 
Of Total 

0.001 

Cumulative 
Proportion 

0.963 
Byrrhidae Cytilus alternatus 6 0.001 0.964 
Curculionidae Lepesoma granicollis 6 0.001 0.964 
Curculionidae Sthereus horridus 6 0.001 0.965 
Elmidae Narpus concolor 6 0.001 0.966 
Scolytidae Hylastes nigrinus 6 0.001 0.967 
Scolytidae Xyleborus dispar 6 0.001 0.967 
Staphylinidae Aleocharinae 56 6 0.001 0.968 
Staphylinidae Anotylus tetracarinatus 6 0.001 0.969 
Tenebrionidae Scaphidema pictum 6 0.001 0.970 
Carabidae P. tuberculofemoratus 5 0.001 0.970 
Corylophidae Sericoderus lateralis 5 0.001 0.971 
Curculionidae Otiorhynchus sulcatus 5 0.001 0.972 
Hydrophilidae Cryptopleurum minutum 5 0.001 0.972 
Nitidulidae Epuraea obtusicollis 5 0.001 0.973 
Staphylinidae Aleocharinae 11 5 0.001 0.973 
Staphylinidae Oxytelus laqueatus 5 0.001 0.974 
Staphylinidae Stenus maritimus 5 0.001 0.975 
Staphylinidae Subhadia ingrata 5 0.001 0.975 
Carabidae Anisodactylus californicus 4 0.001 0.976 
Curculionidae Tychius stepheni 4 0.001 0.976 
Elateridae Megapenthes caprella 4 0.001 0.977 
Scolytidae Dendroctonus pseudotsugae 4 0.001 0.977 
Sphaeritidae Sphaerites politus 4 0.001 0.978 
Staphylinidae Cupila clavicornis 4 0.001 0.978 
Staphylinidae 
Staphylinidae 

Leptacinus batychrus 
Psephidonus integer 

4 
4 

0.001 
0.001 

0.979 
0.979 

Staphylinidae Tachinus maculicollis 4 0.001 0.980 
Tenebrionidae Coelocnemis californica 4 0.001 0.980 

Unknown 42 4 0.001 0.981 
Byrrhidae Lioon simplicipes 3 0.000 0.981 
Byrrhidae Morychus oblongus 3 0.000 0.982 
Carabidae Agonum ovipenne 3 0.000 0.982 
Carabidae Metabletus americanus 3 0.000 0.982 
Carabidae Pterostichus castanea 3 0.000 0.983 
Dytiscidae Oreodytes rivalis 3 0.000 0.983 
Elateridae Agriotella fusca 3 0.000 0.984 
Elateridae Ctenicera suckleyi 3 0.000 0.984 
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Table 5, Continued. 

Counts 
FAMILY 
Hydrophilidae 

SPECIES 
Cercyon minusculum 

Total 
Count 

3 

Proportion 
Of Total 

0.000 

Cumulative 
Proportion 

0.984 
Mycetophagidae Mycetophagus pluriguttatus 3 0.000 0.985 
Scydmaenidae Scydmaenidae 7 3 0.000 0.985 
Staphylinidae Aleocharinae 53 3 0.000 0.985 
Staphylinidae Medon shastanicum 3 0.000 0.986 
Staphylinidae Megarthrus arcuatus 3 0.000 0.986 
Staphylinidae Mycetoporus consors 3 0.000 0.987 
Staphylinidae Myrmecocophalus concinna 3 0.000 0.987 
Carabidae Elaphrus purpurans 2 0.000 0.987 
Chrysomelidae Altica tombacina 2 0.000 0.987 
Ciidae Cis biarmatus 2 0.000 0.988 
Cryptophagidae Atomaria longipennis 2 0.000 0.988 
Curculionidae Cryptorhynchus lapathi 2 0.000 0.988 
Curculionidae Geodercus incomptus 2 0.000 0.988 
Curculionidae Geodercus puncticollis 2 0.000 0.989 
Curculionidae Panscopus gemmatus 2 0.000 0.989 
Derodontidae Peltastica tuberculata 2 0.000 0.989 
Elateridae Athous scissus 2 0.000 0.990 
Elateridae Athous vittiger 2 0.000 0.990 
Elateridae Hemicrepidus montanus 2 0.000 0.990 
Hydrophilidae Cercyon lateralis 2 0.000 0.990 
Pyrochoridae Dendroides ephemaroides 2 0.000 0.991 
Scraptiidae Anaspis rufa 2 0.000 0.991 
Staphylinidae Aleocharinae 36 2 0.000 0.991 
Staphylinidae 
Staphylinidae 

Carphacis nepigonensis 
Falagria dissecta 

2 
2 

0.000 
0.000 

0.991 
0.992 

Staphylinidae 
Staphylinidae 

Lithocharis capitulum 
Philonthus concinnus 

2 
2 

0.000 
0.000 

0.992 
0.992 

Staphylinidae Psephidonus temporalis 2 0.000 0.992 
Staphylinidae Zalobius spinicollis 2 0.000 0.993 
Anthicidae Anthicus floralis 1 0.000 0.993 
Buprestidae Melanophila drummondi 1 0.000 0.993 
Cantheridae Malthodes 1 1 0.000 0.993 
Cantheridae Malthodes 2 1 0.000 0.993 
Carabidae Agonum cupripennis 1 0.000 0.993 
Carabidae Apristus constrictus 1 0.000 0.993 
Carabidae Badister ferrugineus 1 0.000 0.993 
Carabidae Bembidion Plataphus sp 1 0.000 0.994 
Carabidae Bembidion sp. 1 0.000 0.994 
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Table 5, Continued. 

Counts Total Proportion Cumulative 
FAMILY 
Carabidae 

SPECIES 
Harpalus somnulentus 

Count 
1 

Of Total 
0.000 

Proportion 
0.994 

Carabidae Harpulus sp. 1 0.000 0.994 
Carabidae Notiophilus sylvaticus 1 0.000 0.994 
Carabidae Pterostichus melanarius 1 0.000 0.994 
Cerambycidae 
Cerambycidae 

Phymatodes vulneratum 
Plectrura spinicauda 

1 

1 

0.000 
0.000 

0.994 
0.994 

Chrysomelidae Haltica ambiens 1 0.000 0.995 
Chrysomelidae Phyllotreta utana 1 0.000 0.995 
Coccinellidae Hippodamia moesta 1 0.000 0.995 
Elateridae Ampedus nigrinus 1 0.000 0.995 
Elmidae Elmidae 7 1 0.000 0.995 
Elmidae Zaitzevia parvulus 1 0.000 0.995 
Endomychidae Stethorhanis borealis 1 0.000 0.995 
Hydrophilidae Sphaeridium scarabaeoides 1 0.000 0.995 
Leiodidae Catopocerus capizzii 1 0.000 0.996 
Leiodidae Catoptrichus frankenhaeuseri 1 0.000 0.996 
Leiodidae Colon 2 1 0.000 0.996 
Lucanidae Sinodendron rugosum 1 0.000 0.996 
Monotomidae Monotoma spinicollis 1 0.000 0.996 
Mycetophagidae Typhaea stercorea 1 0.000 0.996 
Nitidulidae Carpophilus sp. 1 0.000 0.996 
Nitidulidae Epuraea aestiva 1 0.000 0.996 
Nitidulidae Osmosita discoidea 1 0.000 0.997 
Prostomidae Trogosita manchbularis 1 0.000 0.997 
Psephenidae Acneus oregonensis 1 0.000 0.997 
Ptilidae Ptenidium pusillum 1 0.000 0.997 
Rhysodidae Clinidium calcaratum 1 0.000 0.997 
Scarabaeidae Dichelonyx backii 1 0.000 0.997 
Silvanidae Silvanus bidentatus 1 0.000 0.997 
Staphylinidae Aleocharinae 16 1 0.000 0.997 
Staphylinidae Aleocharinae 72 1 0.000 0.998 
Staphylinidae Astenus longiusculus 1 0.000 0.998 
Staphylinidae Beeria nematocera 1 0.000 0.998 
Staphylinidae Bryophacis discalis 1 0.000 0.998 
Staphylinidae Creophilus maxillosus 1 0.000 0.998 
Staphylinidae Eusphalerum farrarae 1 0.000 0.998 
Staphylinidae Eusphalerum grayae 1 0.000 0.998 
Staphylinidae Ischnosoma californicus 1 0.000 0.998 
Staphylinidae Lordithon oregonus 1 0.000 0.999 
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Table 5, Continued.
	

Counts Total Proportion Cumulative 
FAMILY 
Staphylinidae 

SPECIES 
Proteinus basalis 

Count 
1 

Of Total 
0.000 

Proportion 
0.999 

Staphylinidae Pselaptrichus rothi 1 0.000 0.999 
Staphylinidae Rugilus oregonus 1 0.000 0.999 
Staphylinidae Staphylinidae 17 1 0.000 0.999 
Staphylinidae Staphylinidae 5 1 0.000 0.999 
Staphylinidae Trichophya pilicomis 1 0.000 0.999 
Tenebrionidae He lops edwardsii 1 0.000 0.999 
Tenebrionidae Tenebrionidae Unknown 1 0.000 1.000 

Unknown 38 1 0.000 1.000 
Unknown 44 1 0.000 1.000 
Unknown 58 1 0.000 1.000 
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Table 6. Species Found in Only One Habitat. A list of the species captured in
	
pitfall traps along Lookout Creek, Oregon during 6 sampling dates in 1992-1994
	

that were unique to either Upslope or Riparian habitat.
	

Upslope Species 
Lepesoma lecontei 
Hylastes nigrinus 
Pterostichus tuberculofemoratus 
Lioon simplicipes 
Mycetophagus pluriguttatus 
Mycetoporus consors 
Pterostichus castanea 
Scydmaenidae 7 
Athous scissus 
Geodercus incomptus 
Geodercus puncticollis 
Panscopus gemmatus 
Philonthus concinnus 
Aleocharinae 16 
Ampedus nigrinus 
Beeria nematocera 
Bryophacis discalis 
Carpophilus sp. 
Catopocerus capizzii 
Catoptrichus frankenhaeuseri 
Colon 2 
Dichelonyx backii 
Elmidae 7 
Harpalus somnulentus 
Helops edwardsii 
Ischnosoma californicus 
Malthodes 1 
Malthodes 2 
Melanophila drummondi 
Notiophilus sylvaticus 
Phymatodes vulneratum 
Plectrura spinicauda 
Pselaptrichus rothi 
Ptenidium pusillum 
Silvanus bidentatus 
Sinodendron rugosum 
Stethorhanis borealis 
Trogosita mandibularis 

Total
	
8
	

6
	
5
	

3
	

3
	

3
	

3
	

3
	

2
	
2
	
2
	
2
	
2
	
1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
	

1
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Upsiope Species, Continued 
Typhaea stercorea 
UNKNOWN 38 
Zaitzevia parvulus 

Riparian Species 
Diplous filicornis 
Zacotus matthewsii 
Elonium rugosa 
Omus dejeani 
Aleocharinae 29 
Colon 1 
Aleocharinae 25 
Leistus ferruginosus 
Orobanus tarsalis 
Caenocryta picipinnis 
Agonum aeneolum 
Lathrobium divisum 
Stenus subgrisceus 
Geodercodes latipennis 
Bryophacis punctatissimus 
Crytophagus tuberculosus 
Epuraea avara 
Hemiquedius fusculus 
Bembidion castum 
Epithrix 1 
Hydnobius longulus 
Pterostichus inopina 
Stenus shoshonis 
Agonum subsericeus 
Aleocharinae 46 
Anotylus tetracarinatus 
Cytilus alternatus 
Lepesoma granicollis 
Narpus concolor 
Scaphidema pictum 
Sthereus horridus 
Aleocharinae 11 
Cryptopleurum minutum 
Otiorhynchus sulcatus 

Table 6, Continued
	

Total 
1 

1 

1 

Total 
83 
81 
40 
32 
22 
19 
17 
17 
16 
14 
13 
12 
12 
11 
9 
9 
9 
9 
8 
8 
8 
8 
8 
7 
7 
6 
6 
6 
6 
6 
6 
5 
5 
5 
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Riparian Species, Continued 
Subhadia ingrata 
AnisodacVlus californicus 
Coelocnernis californica 
Cupila clavicornis 
Megapenthes caprella 
Psephidonus integer 
Tychius stepheni 
Agonum ovipenne 
Agriotella fusca 
Aleocharinae 53 
Cercyon minusculum 
Ctenicera suckleyi 
Medon shastanicum 
Megarthrus arcuatus 
Morychus oblongus 
Myrmecocophalus concinna 
Oreodytes rivalis 
Aleocharinae 36 
Altica tornbacina 
Anaspis rufa 
Athous vittiger 
Cercyon lateralis 
Cis biarmatus 
Cryptorhynchus lapathi 
Elaphrus purpurans 
Falagria dissecta 
Hemicrepidus montanus 
Lithocharis capitulum 
Peltastica tuberculata 
Psephidonus temporalis 
Zalobius spinicollis 
Acneus oregonensis 
Agonum cupripennis 
Aleocharinae 72 
Anthicus floralis 
Apristus constrictus 
Astenus longiusculus 
Badister ferrugineus 
Bembidion Plataphus sp. 
Bembidion sp. 

Table 6, Continued
	

Total 
5 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 

1 

1 

1 

1 

1 

1 

1 

1 
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Table 6, Continued 

Clinidium calcaratum 1 

Creophilus maxillosus 1 

Epuraea aestiva 1 

Eusphalerum farrarae 1 

Eusphalerum grayae 1 

Haltica ambiens 1 

Hippodamia moesta 1 

Lordithon oregonus 1 

Monotoma spinicollis 1 

Osmosita discoidea 1 

Phyllotreta utana 1 

Proteinus basalts 1 

Pterostichus melanarius 1 

Rugilus oregonus 1 

Sphaeridium scarabaeoides 1 

STAPHYLINIDAE 17 1 

STAPHYLINEDAE 5 1 

TENEBRIONIDAE UNKNOWN 1 

Trichophya pilicornis 1 

UNKNOWN 38 1 

UNKNOWN 44 1 

UNKNOWN 58 1 
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Table 7. Non-Indigenous Species. Non-indigenous species captured in pitfall traps
	
along Lookout Creek during 6 sampling dates in 1992-1994.
	

Family Species 
Anthicidae Anthicus floralis Linnaeus 
Carabidae Amara cupreolata Putzeys 
Carabidae Harpalus opacipennis Haldeman 
Corylophidae Sericoderus lateralis Gyllenhal 
Curculionidae Cryptorhynchus lapathi Linnaeus 
Curculionidae Otiorhynchus ovatus Linnaeus 
Curculionidae Otiorhynchus rugosostriatus Goeze 
Curculionidae Otiorhynchus sulcatus Fabricius 
Dytiscidae Oreodytes rivalis Gyllenhal
Elateridae Negastrius continus 
Elateridae Negastrius dynatus 
Hydrophilidae Cercyon minusculum Melsheimer 
Hydrophilidae Cryptopleurum minutum Fabricius 
Hydrophilidae Sphaeridium scarabaeoides Linnaeus 
Latridiidae Aridius notifer Westwood 
Latridiidae Cartodere constictus Gyllenhal 
Nitidulidae Omosita discoidea Fabricius 
Scolytidae Xyleborus dispar Fabricius 
Scydmaenidae Scydmaenus ovipennis Casey 
Scydmaenidae Veraphis mirabilis Marsh 
Silvanidae Silvanus bidentatus Fabricius 
Staphylinidae Actium ban-i Park and Wagner 
Staphylinidae Anotylus tetracarinatus (Block) 
Staphylinidae Carphacis nepigonensis (Bernhauer) 
Staphylinidae Eusphalerum farrarae Hatch 
Staphylinidae Megarthrus arcuatus Hatch 
Staphylinidae Myrmecocophalus concinna Erichson 
Staphylinidae Oxytelus laqueatus Mannerheim 
Staphylinidae Philonthus concinnus Gravenhorst 
Staphylinidae Philonthus cruentatus Gmelin 
Staphylinidae Stenus jejunus Casey 
Staphylinidae Tachinus debilis Horn 
Staphylinidae Thichophya pilicomis Gyllenhal 
Staphylinidae Tychius stepheni Schonherr 
Staphylinidae Typhaea stercorea Linnaeus 

Count 
1 

29 
13 
5 
2 
8 

23 
5 
3 

10 
31 

3 
5 
1 

530 
90 

1 

6 
0 

44 
1 

8 
6 
2 
1 

3 
3 
5 
2 

14 
0 

75 
1 

4 
1 
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Comparative Species Curves 
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Figure 15. Comparative Species Curves. The accumulated number of Coleoptera 
species in pitfall traps in riparian and adjacent upslope forest habitats along 
Lookout Creek, Oregon over 6 sampling dates in 1992-1994. 
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Diversity (Shannon-Wiener Index)
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Figure 16. Shannon-Wiener Diversity. The biological diversity captured in pitfall 
traps in riparian and adjacent upslope forest habitats along Lookout Creek, Oregon 
in 6 sampling dates in 1992-1994. 
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Diversity (Simpson's Index)
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Figure 17. Simpson's Diversity. The biological diversity captured in pitfall traps
in riparian and adjacent upsiope forest habitats along Lookout Creek, Oregon in 6 
sampling dates in 1992-1994. 
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Figure 18. Brillouin Diversity. The biological diversity captured in pitfall traps in 
riparian and adjacent upslope forest habitats along Lookout Creek, Oregon in 6 
sampling dates in 1992-1994. 
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Unlike the two other diversity; indices, Simpson's Index was higher in adjacent 

upslope habitat than in riparian habitat during the July sampling periods. 

Rarefaction 

Rarefaction was used to estimate the number of species in random subsets 

of beetle captures to better compare the number of species present in habitats 

(Krebs 1989, Pimentel 1993b). One hundred fifty-six species would be expected to 

appear in standardized samples of 2000 individuals from riparian habitat. In the 

same size sample, 122 species would be expected from adjacent upslope habitat 

(Table 8). 

The expected ratio of the number of upslope species to the number of 

riparian species was 0.78 compared to the actual observed ratio of 0.68. Riparian 

habitat was more species rich than adjacent upslope habitat in random samples. 

However, the difference was not as large as when the number of individuals 

collected in each sample was standardized using rarefaction (Table 8). 

Ordination 

Principal coordinate analysis (ORD) was used to explore spatial 

patterns of beetle communities in riparian and adjacent upslope forests. An 

ordination plot of the entire sample showed a grouping of riparian habitat and 

upslope habitat sampling units (Figure 19). 
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Table 8. Rarefaction Table. The number of species expected in standardized 
samples from pitfall traps along Lookout Creek, Oregon in riparian and adjacent 
upslope forest habitats as calculated by the rarefaction method. 

Sampling Species Standardized Sample Size 
Habitat Date Observed 300 500 1000 

Riparian July 1992 112 72 91 112 
Ups lope July 1992 58 57 58 58 
Riparian September 1992 72 45 57 72 
Ups lope September 1992 45 45 45 45 
Riparian May 1993 79 60 75 79 
Ups lope May 1993 55 40 48 55 
Riparian July 1993 88 69 85 88 
Ups lope July 1993 51 51 51 51 
Riparian September 1993 54 54 54 54 
Ups lope September 1993 34 34 34 34 
Riparian May 1994 75 61 73 75 
Upslope May 1994 51 51 51 51 

Standardized Sample Size 
Habitat 1500 20000 3500 
Upslope 113 122 123 
Riparian 144 156 179 
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Patterns of community structure differences were found for May and July 

sampling periods (Figures 20, 22, 23, and 25) but none were revealed for 

September sampling periods (Figures 21 and 24). Sampling sites did not form 

groups consistent with channel morphology designation. 

Classification 

Multivariate analysis of variance (MANOVA) of the first 10 Principal 

Coordinate axes resulted in significant differences between habitats on 8 of the 10 

axes analyzed (Table 9). 

Discriminant analysis of the first 10 Principal Coordinate axes resulted in 

two groups, riparian sites and upslope sites, with transition sites generally between 

the two groups (Figure 26). 

Detailed analysis of the sampling dates also showed strong riparian and 

upslope group affiliation (Figures 27-32). A plot of the centroids for each date in 

each habitat shows that riparian and upslope beetle communities were more distinct 

early in the year (May and July), and that the distances between habitats was 

smallest in September sampling dates (Figure 33). 

Geisser classification of the sampling units is given in Table 9. 

Riparian sites showed an 80% affiliation to the overall riparian group, and upslope 

sites showed an 82% affiliation to the overall upslope group (Table 10). Transition 

sites were about equally divided between the overall riparian and upslope groups. 
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Figure 20. July 1992 Ordination Plot. 
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Figure 22. May 1993 Ordination Plot.
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Figure 23. July 1993 Ordination Plot. 
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Figure 24. September 1993 Ordination Plot.
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Table 9. MANOVA Table. 

MULTIVARIATE ANALYSIS OF VARIANCE 

TEST OF OVERALL DISCRIMINATION
	
(=EQUALITY OF CENTROIDS)
	

LAMBDA F-RATIO D.F. 1 D.F. 2 P-VALUE
	

0.0113900 8.416 170 2119 0.0000
	

UNIVARIATE F-RATIOS, WITH D.F. = 17 AND D.F. = 251 

VARIABLE AMONG WITHIN F- P-
MEAN SQUARE MEAN SQUARE RATIO VALUE 

VAR 1 0.039 0.001 29.26 0.0000 
VAR 2 0.033 0.002 19.28 0.0000 
VAR 3 0.027 0.002 12.13 0.0000 
VAR 4 0.017 0.003 5.88 0.0000 
VAR 5 0.011 0.003 3.30 0.0002 
VAR 6 0.021 0.003 8.10 0.0000 
VAR 7 0.007 0.004 1.90 0.1711 
VAR 8 0.011 0.003 3.36 0.0002 
VAR 9 0.004 0.004 0.95 0.9993 
VAR 10 0.014 0.003 4.50 0.0000 
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Figure 27. July 1992 Discriminant Plot.
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Figure 28. September 1992 Discriminant Plot. 
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Figure 29. May 1993 Discriminant Plot. 
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Figure 30. July 1993 Discriminant Plot. 
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Figure 31. September 1993 Discriminant Plot. 
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Table 10. Geisser Classifications. 

Percent 
Classification 

Habitat Sampling Date Riparian Transition Upslope 
riparian July 1992 0.80 0.12 0.07 
transition July 1992 0.52 0.39 0.09 
upslope July 1992 0.13 0.09 0.77 
riparian September 1992 0.74 0.13 0.13 
transition September 1992 0.55 0.25 0.20 
upslope September 1992 0.18 0.11 0.71 
riparian May 1993 0.80 0.11 0.09 
transition May 1993 0.16 0.48 0.35 
upslope May 1993 0.03 0.05 0.92 
riparian July 1993 0.88 0.10 0.02 
transition July 1993 0.26 0.52 0.22 
upslope July 1993 0.06 0.14 0.80 
riparian September 1993 0.77 0.12 0.11 
transition September 1993 0.36 0.33 0.30 
upslope September 1993 0.14 0.04 0.81 
riparian May 1994 0.82 0.04 0.14 
transition May 1994 0.49 0.12 0.38 
upslope May 1994 0.08 0.02 0.90 

Grand Average 0.44 0.12 0.43 

Table 11. Geisser Classification Summary. 

Percent 
Classification 

Habitat Riparian Transition Upslope 
riparian 0.80 0.10 0.09 
transition 0.39 0.35 0.25 
upslope 0.10 0.08 0.82 
Grand Average 0.44 0.12 0.43 
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Generalized distances between sampling date habitat centroids are given in 

Table 11. The average generalized distance among riparian sampling date 

centroids was 2.6, and between riparian and upslope centroids 4.0 (Table 13). 

The average generalized distance among upslope sampling date centroids was 2.7 

units. Transition sampling date centroids were about the same distance from 

riparian and upslope sampling date centroids. 

Coordinates for sampling date centroids and their corresponding 95% 

Confidence Radii (CR) are given in Table 14. Generally, confidence radii for 

riparian and upslope centroids are about one-half as large as the transition centroid 

radii. This indicates that riparian and upslope communities are more distinct 

communities than the transition habitat community. 
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Table 12. Average Generalized Distances. 

Sampling Date 
July 1992 
July 1992 
July 1992 
September 1992 
September 1992 
September 1992 
May 1993 
May 1993 
May 1993 
July 1993 
July 1993 
July 1993 
September 1993 
September 1993 
September 1993 
May 1994 
May 1994 
May 1994 

Habitat 
riparian 
transition 
upslope 
riparian 
transition 
upslope 
riparian 
transition 
upslope 
riparian 
transition 
upslope 
riparian 
transition 
upslope 
riparian 
transition 
upslope 

Ri , arian Transition Upsiope 
2.5455 3.4808 4.1007 
3.5998 3.4883 4.1070 
3.6305 3.3710 2.3665 
2.9237 3.8247 4.2003 
3.6552 3.8862 4.2892 
3.6958 3.8195 3.1477 
2.7825 3.9037 4.2815 
4.2743 3.4507 3.6398 
4.7308 4.2207 2.7953 
2.4148 3.6355 4.0490 
3.9190 3.2535 3.6718 
4.1843 3.6550 2.4275 
2.4618 3.4928 3.6842 
3.4017 3.4450 3.7128 
3.7183 3.6147 2.5762 
2.5007 3.7583 3.9825 
3.2458 3.1267 3.5022 
4.3383 4.2420 2.9222 

Table 13. Average Generalized Distances Summary.
	

Habitat Riparian Transition Upsiope
	
riparian 2.6048 3.6826 4.0497 
transition 3.6826 3.4417 3.8205 
upslope 4.0497 3.8205 2.7059 
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Table 14. Discriminant Centroids.
	

Habitat Sampling Date Axis 1 Axis 2 Axis 3 95% 
CR 

Riparian July 1992 -1.602 0.674 -0.791 0.47 
Transition July 1992 -1.242 -0.339 -0.932 1.05 
Ups lope July 1992 0.098 -1.447 -1.018 0.47 
Riparian September 1992 -2.586 -0.068 1.042 0.47 
Transition September 1992 -2.703 -0.879 1.176 0.92 
Upslope September 1992 -1.342 -1.34 1.256 0.47 
Riparian May 1993 0.754 2.306 -0.209 0.5 
Transition May 1993 2.561 0.543 -0.642 1.05 
Upslope May 1993 2.923 -0.703 0.796 0.45 
Riparian July 1993 -0.448 1.519 -1.113 0.47 
Transition July 1993 1.17 0.148 -1.903 1.05 
Upslope July 1993 1.067 -1.629 -1.207 0.47 
Riparian September 1993 -1.257 0.389 0.097 0.48 
Transition September 1993 -1.075 -0.425 -0.011 1.24 
Upslope September 1993 0.085 -1.303 -0.521 0.47 
Riparian May 1994 0.543 2.105 0.701 0.48 
Transition May 1994 1.147 1.033 0.257 1.24 
Upslope May 1994 2.244 -0.14 1.68 0.48 
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Discussion 

Due to their position as sites of connectivity between aquatic and adjacent 

upslope forests, riparian zones have been designated as some of the most important 

habitats within forest ecosystems (Meeham et al. 1977, Gregory et al. 1991, 

Beschta et al. 1987, Swanson and Franklin 1992, Naiman et al. 1993, USDA 

1994a). Riparian habitats have unique, biologically diverse assemblages of plants 

and animals, and are used by more than 400 species of wildlife (Oakley et al. 1985, 

Hancock et al. 1996). Furthermore, the quality of aquatic habitat is strongly 

influenced by conditions in adjacent riparian zones (Karr and Schlosser 1978, 

Gregory et al. 1991, Norton 1996b). As a result of their importance, riparian 

reserves protection has been mandated by State and Federal land-use guidelines 

(e.g., USDA 1994a). 

There is a rich diversity of riparian dwelling arthropods in Pacific 

Northwest forests (Asquith et al. 1990, Parsons et al. 1991, Lattin 1993a). Riparian 

arthropods are an important source of energy in the food chain of adjacent aquatic 

systems (Patton 1977, Meeham et al. 1977), and there is evidence that arthropods 

contribute to the health of streaniside vegetation by performing a variety of 

functions (e.g., Spence 1979, Gregory et al. 1991, Hering 1998). For example, 

herbivorous insects prune dead and dying plant parts, thereby recycling nutrients 

and promoting plant health. Changes in the structure and composition of adjacent 
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upslope forests resulting from timber harvest are likely to influence biological 

productivity as well as community species composition in riparian zones 

(Norton 1996b). Measuring abiotic factors may tell us what is happening in the 

physical environment, but biological monitoring is the only method that can detect 

what is happening to the living species. Because they are part of almost all 

ecosystem processes and fill a wide variety of functional roles, and because they 

respond quickly to environmental changes, arthropods have the potential to be 

effective indicators of fine-scale environmental change in forest ecosystems. 

Information about indicator species can enlighten 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 

small size and distinct microhabitat requirements, insects can reveal fine-scale 

environmental change (Samways and Steytier 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). 

However, before forest managers can use arthropods as indicators of 

environmental change, more information about the vast array of organisms and 

processes associated with older forests must be gathered. There is a critical need to 

investigate the numerous and important linkages between forests and streams to 

discover the role of the riparian zone and streamside habitats in aquatic productivity 

and health (Gregory et al. 1991). The present study explored the feasibility of 
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characterizing the riparian habitat along Lookout Creek on the HJA by comparing 

the beetle community that occurs there to the beetle community in the adjacent 

upslope forest. 

Pitfall traps placed in riparian and upslope habitats collected a vast array of 

arthropods and other invertebrates. Spiders, mites, beetles, Collembola 

(springtails) and centipedes were abundant, while other taxa like flies and wasps 

were scarce. Banana slugs (Ariolimax sp.) occasionally occurred, in traps and their 

slime output made specimen cleaning and sorting difficult. The number of 

specimens and taxa occurring in individual traps was often overwhelming, causing 

analysis to be complicated and difficult. After careful consideration and 

considerable thought, it was decided that analysis would be restricted to a subset of 

the trap collections. 

Coleoptera (beetles) were selected for species-level analysis because they 

were abundant, diverse, and their taxonomy is relatively well known. Beetles have 

been used in several ecological studies and are considered sensitive and accurate 

indicators of the state of the environment (Thiele 1977, den Boer 1977, 

Desender 1986, Eyre and Luff 1990, Turin et al. 1991, Lindroth 1992, Luff et al. 

1989, Kremen et al. 1993). 

The present biota in the Pacific Northwest is the result of those species that 

were able to establish populations during the warming period following the 

Wisconsin glaciation, ten to thirty thousand years ago (Hatch 1953, Whitlock 

1983). Species dispersed into habitats according to their preferences for substrate, 



129 

climate, soil moisture and temperature, and exposure. Other factors influencing the 

distribution of species were the abundance of food items and the presence of 

natural enemies (predators, parasites, and pathogens). 

Beetles were among the most abundant arthropods that appeared in traps 

(7,905 individuals) and were selected for detailed study because the taxonomy of 

Pacific Northwest beetles is relatively well known, largely due to the extensive 

work of Hatch (1953, 1957, 1961, 1965, 1971). While Acari (mites) and springtails 

occurred with greater frequency than beetles, detailed systematic information about 

Pacific Northwest springtails is lacking. Information about mites is available, but 

usually only to the generic level (Krantz 1986, Moldenke and Fichter 1988). 

Beetles are larger and their taxonomic characters easier to recognize, and 

systematic information is readily available. 

Coleoptera species are useful for ecological studies. Taxonomists have 

described over 400,000 species of Coleoptera worldwide, representing about 39% 

of the known world fauna (Danks and Foottit 1989). Of the approximately 3,450 

species of arthropods that are known from the H.J. Andrews Experimental Forest 

(HJA), 824 species (24%) are beetles (Parsons et al. 1991). In addition, beetles 

occur in almost all terrestrial habitats and occupy a large number of functional 

niches, ranging from predators and omnivores to fungivores and root feeders. 

Because they are sensitive to fine-scale environmental change, occur in well-

defined microhabitats, and can be sampled with standardized techniques, beetles 
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are the most often used arthropods for terrestrial ecological investigations (Refseth 

1980, Maelfait-and Desender 1990, Niemela et al. 1993). 

Diptera (flies) is also a diverse group and occurred in sufficient numbers for 

analysis. While an annotated list of Diptera is Oregon exists (Cole and Lovett 

1921), detailed taxonomic keys and life history information are generally not 

available or readily accessible. Furthermore, traps used for sampling were not 

designed for capturing flies and many of the adult flies that were captured spend a 

significant portion of their life cycles in aquatic, not terrestrial habitats. 

The assemblage of species that occur consistently within a habitat is called 

a community. Biologists often debate whether or not a community is stable and 

well defined or just a random assemblage of species (Margalef, 1963, Strong et al. 

1984, Krebs 1985, Orians et al. 1986). Natural resource managers however, are 

more interested in the species composition of communities and how well it reflects 

the integrity of a habitat. The characterization of riparian habitats is of particular 

interest (Karr and Schlosser 1978, Swanson et al. 1982, Gregory et al. 1991). 

Wildlife biologists have investigated the composition of bird, amphibian, 

large and small mammal, and vegetation communities found in riparian habitats 

occurring in Pacific Northwest forests (e.g., McGarigal and McComb 1992, 

McComb et al. 1993, Gomez and Anthony 1996, Hibbs and Giordano 1996, 

Anthony et al. 1997). This kind of information about communities has been used 

to characterize riparian habitats and to delineate riparian buffer strips (e.g., Beier 

1993, LaPolla and Barrett 1993, Machtans et al. 1996). This study explores the 
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possibility of defining the riparian habitat along Lookout Creek in the HJ Andrews 

Experimental Forest in terms of beetles, by comparing the relative abundance and 

diversity of beetles captured in the riparian and adjacent upslope habitats. 

Number of Beetle Specimens 

The total number of beetle specimens collected (7,905 individuals) with 

pitfall traps during the two years of this study can be compared to the number of 

specimens collected during other studies. Niemela et al. (1988) collected 1,986 

individuals of Carabidae in about 800 traps in one season from old coniferous taiga 

forests in Canada. Desender (1996) captured about 14,000 individual beetle 

specimens over 5 years from 5 coastal dune habitats in Belgium. Rykken et al. 

(1997) reported 9,041 beetle specimens in two years of sampling in the Green 

Mountains of Vermont. 

The average number of beetle specimens captured per trap-thy (0.31 

beetles/trap-day) (Table 1) was comparable to other studies. Niemela et al. (1988) 

captured 0.025 beetles/trap-day, Spence et al. (1996) 0.15 to 0.825 beetles/trap-day, 

Ottesen (1996) 0.66 beetles/trap-day, and Rykken et al. (1997) about 1 beetle/trap-

day. Larval stages of beetles were missing from traps during this study. Other 

studies have reported large numbers of larvae in pitfall traps similar in designto 

those used in this study (Liebherr and Mahar 1979). Pitfall trap captures depend on 

several factors such as locomotory activity of the beetles, microclimate, and 

vegetation structure. The low numbers of larval stages may be due to 
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environmental resistance or other factors that influence larval distribution or 

movement (Ottesen 1996). 

Despite the lack of larval captures, pitfall traps were effective at collecting 

useful information about the distribution and relative abundance of beetle species. 

Pitfall trapping has been shown to be the most accurate and cost-effective technique 

available to assess beetle species assemblages at any one site (Thiele 1977, Oliver 

and Beattie 1996b). Pitfall trapping carried out during the activity period gives a 

reliable estimate of the relative densities of active adult species (Baars 1979, Rieske 

and Raffa 1993), although the method is not useful for comparing absolute 

densities of species (Briggs 1960, Greenslade 1964, Adis 1978, Baars 1979a, 

Desender and Maelfait 1983, Waage 1985). Luff et al. (1989) concluded that 

multivariate analysis of pitfall trap data collected under standardized conditions 

could lead to meaningful results. 

The number of individuals collected varied by date (Figure 7). Number of 

beetles captured was about the same in July 1992 and September 1992 and 

increased in May 1993. The increase was due to a large increase in the number of 

beetles collected in the upsiope habitat. Number of beetles collected declined in 

July 1993 and reached a low in September 1993. While numbers increased again in 

May 1994, they did not return to the levels captured during the first 3 sampling 

periods. The reason for this peculiar pattern of trap captures can only be 

speculated. Climatic conditions were not drastically different and traps were not 

moved from sites except where they had to be re-established after winter flooding 
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in the riparian habitat. However, trapping may have had an influence on species 

abundance (see below). 

Several factors may contribute to the increased number of specimens during 

the spring. Other studies have reported maximum trap catches in the Spring (e.g., 

Niemela et al. 1992, Liebherr and Mahar 1979). Hering (1998) noted that in 

general, carabid densities decreased in autumn but the decrease was variable by 

species. Terrestrial arthropod input into streams is usually higher in spring and 

early summer, promoting predator taxa like Carabidae and Staphylinidae (Mason 

and McDonald 1982, Garman 1991, O'Hop and Wallace 1983, Spence et al. 1996). 

Because they are more active than other groups, predators are more susceptible to 

capture by pitfall traps. 

Almost twice as many specimens were collected in the riparian habitat 

compared to the adjacent upslope habitat, 4,387 and 2,348, respectively. Habitat 

and community differences, and pitfall trap bias may have influenced these results. 

Habitat resistance is higher in adjacent upslope forests. Litter is deeper and 

difficult to penetrate, and downed course woody debris is more abundant, blocking 

the path of active individuals. The increased resistance in upslope forests 

combined with pitfall trap collecting bias towards active individuals may have 

caused upslope beetles to appear less abundant. Furthermore, pitfall traps are very 

effective at capturing active predators. Riparian habitats have a higher percentage 

of predators, presumably capturing prey as they emerge from the water 
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(Erman 1984). This would contribute to greater riparian trap captures (see species 

accounts below). 

The number of beetles collected was higher in riparian habitat than the 

number in adjacent upslope habitats during every sampling period (Figure 7). 

Beetle captures in upslope habitats reached levels in May 1993 not previously 

attained and not reached thereafter (Figure 7). Beetle captures remained virtually 

constant in riparian habitats, except in the September 1993 sampling period. The 

drop in the number of adults in September 1993 may have accounted for the 

decline in the number of upslope beetles captured the following spring, but that 

pattern did not repeat itself in the riparian habitat. 

Beetle Families 

Carabidae and Staphylinidae were the two most abundant beetle families 

captured in pitfall traps in both riparian and adjacent upslope habitats (Table 3). 

Both families contain active ground-dwelling species and are abundant in Pacific 

Northwest forests (Hatch 1957). The dominance of these two families can be 

partially attributed to trap bias. Pitfall traps have higher capture rates for active, 

ground-dwelling species (Briggs 1960, Greenslade 1964, Luff 1975, Adis 1978, 

Baars 1979, Spence and Niemeld 1994). That bias is probably reflected in the 

proportions of active, predatory Staphylindae and Carabidae in the samples. 

The family Staphylinidae is one of the world's two largest families of 

beetles, with over 3850 North American species (Borror et al. 1989, Downie and 
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Arnett 1996). Hatch (1957) lists over 650 species known from the Pacific 

Northwest, and 108 of those species occur on the HJA (Parsons et al. 1991). The 

taxonomy of many of the groups within Staphylinidae is poorly known, and there 

are certainly more species to be described from Oregon. Rove beetles are closely 

related to several other families, and recently many of these other families have 

been incorporated into the Staphylinidae. 

Because of their diverse natural history and taxonomy, Staphylinidae are 

probably one of the more important beetle families occurring on the HJA. 

Staphylinidae is one of the most biologically diverse beetle families, occupying a 

large variety of habitats (Borror et al. 1989). Most of the adults and many larvae 

are predators occurring in decaying material and dung; on carrion; under stones and 

on gravel bars along streams and lakes; in fungi and forest litter; in live and dead 

wood; and in the nests of birds, mammals, ants and termites. Other groups are 

fungivores (e.g. some Aleocharinae), pollen feeders (e.g. Omaliinae), and parasites 

of other insects. Species of the former family Pselaphidae are now incorporated in 

to Staphylinidae, and specialize on mites, collembolans, and fly larvae (Downie 

and Arnett 1996). 

There was no consistent overall seasonal pattern to the number of rove 

beetles (Staphylinidae) captured during the two years (Figure 9). In riparian 

habitat, rove beetles had the highest relative abundance for each sampling period 

(Figure 10) and accounted for about 36.7% of the total riparian trap catch (Figure 

8). In a similar study conducted in the Coast Range of Oregon, 21.2% of the 
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riparian beetles collected were rove beetles (Hering 1998). Staphylinids were less 

dominant in the upslope habitat, accounting for only about 20% of the total upslope 

trap catch (Figure 8). 

Carabidae is the third largest family of beetles in North America and over 

475 species occur in the Pacific Northwest (Hatch 1953, Borror et al. 1989, Downie 

and Arnett 1996). It is one of the largest families of beetles in the world, 

numbering over 30,000 species. The taxonomy of carabid beetles is well known 

thanks largely to Lindroth (1961-1969) and to the many amateur and professional 

entomologists who collect and study this fascinating family of beetles. 

Carabid species occur in a variety of habitats and are found under stones 

and logs, in litter and debris, and along the edges of lakes and streams (Thiele 

1977, Borror et al. 1989). The natural history of the family is well known. 

Because they occur in abundance is a variety of habitats, carabids have been used 

extensively as indicators in ecological studies (Stork 1990). While some carabids 

are herbivorous, eating vegetation and seeds, most of the species are predaceous 

and feed on other invertebrates. Species of the genus Scaphinotus use their 

specialized mouthparts to feed almost exclusively on snails (Thiele 1977, Borror et 

al. 1989). 

Carabidae made up 21.7% of the total beetle catch and was the dominant 

beetle family in upslope habitat, accounting for almost 37% of the total upslope 

catch (Figure 8). They were the second most abundant family in riparian habitat, 

representing about 16% of the riparian beetle capture (Figure 8). In a similar study 
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conducted in the Coast Range in Oregon, Carabidae were most abundant, 

representing 29.8% of the total catch (Hering 1998). Carabid abundance was 

always highest in May and declined throughout the rest of the year (Figure 12). 

Specimens from the beetle family Latridiidae were abundant at the 

beginning of the study, but declined during the term of the study (Figure 14). Their 

proportion of the capture also declined during the study (Figure 13). The decrease 

in the number of Latridiidae captured may have been the result of trap-out. Species 

of this family are small detritivores less than 2.5 nun in length. These tiny 

scavengers move through the leaf litter and feed upon decaying plant debris. Few 

people have studied the home ranges of insects, and no specific studies have been 

conducted on the effective home range of Latridiidae (Southwood 1984). 

Generally, the smaller the organism, the smaller the home range and because food 

items are readily available in their habitats, the home range of Latridiidae is 

probably small. Since pitfall trap sites were permanent, trap-out may account for 

the decrease in Latridiidae captures. 

The selection of a trapping technique used in a study needs to be carefully 

considered. If the target species of the trapping system are rare or important for 

another reason (i.e., endangered, keystone species, etc.) live trapping should be 

considered. Entomologists have long believed that they can sample without an 

impact on the population being sampled. It has been assumed that collecting makes 

only a small impact on the populations of interest. While that assumption remains 
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to be tested, responsible entomologists should consider appropriate trapping 

techniques to ensure survival of local populations of interest. 

The population of Latridiidae may not have been affected by pitfall 

sampling. However, the response of these small creatures appears to have been 

affected locally. If they were considered important indicators of environmental 

change, erroneous inference might have been made, affecting important 

management decisions. The local response of this family of beetles to removal of 

population members by pitfall trapping should serve as a caution regarding the use 

of this sampling method. 

The next three abundant families, Elateridae, Curculionidae, and 

Oedemeridae, accounted for about 10% of the total catch (Figure 8). Elateridae is a 

large group of beetles comprised of more than 885 species in North America 

(Downie and Arnett 1996). Many adults are phytophagus, but some of the species 

found in the Pacific Northwest are predaceous. Curculionidae is another large 

family of beetles. More than 2600 species occur in North America. Perhaps all 

species are herbivores, and many non-indigenous species are economically 

important. Some are serious agricultural pests, and others are used for biological 

control of introduced weeds (Stehr 1991). Oedemeridae are common along 

streams, where adults feed on flowers and larvae feed on wet, rotting wood 

(Hatch 1965). 
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Necrophages 

Species of the families Agyrtidae, Lampyridae, Silphidae, and some groups 

of Staphylinidae (i.e., Aleocharinae) and Leiodidae are necrophagous, feeding on 

dead and decaying animals. Necrophages are capable of detecting food at great 

distances and are strongly attracted to carrion, which is quickly consumed 

(Chapman 1982, Borror et al. 1989). Dead and decaying arthropods, slugs, and 

small mammals captured in pitfall traps are strong attractants for necrophages. As 

a result, a disproportionate a number of necrophages were captured relative to their 

true abundance. 

One thousand one hundred and eight (14%) of the 7905 total beetles 

collected were necrophages. While these beetles are important components of the 

sampled habitats, their disproportionate abundance in traps may cloud 

interpretation of the results and therefore they were excluded from numerical 

analysis. 

Thirty of the families of beetles were represented by fewer than 50 

specimens, and 16 by fewer than 10 specimens (Table 3). Some of these latter 

families (i.e., Buprestidae, Cerambycidae, Coccineffidae, Dytiscidae) are common 

on the HJA but were not represented by large numbers because they generally do 

not occur on the ground and, therefore, are rarely captured in pitfall traps. Species 

of the other families (i.e., Zopheridae, Silvanidae, Corylophidae, Monotomidae, 

Ciidae, Derodontidae, Mycetophagidae, Pyrochoridae, Sphaeritidae, Prostomidae) 
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ordinarily occur in specialized habitats and are not active enough to be captured in 

significant quantities (Downie and Arnett 1996). 

There was no consistent or discernable pattern to the distribution of families 

that can be used to discriminate between riparian and upslope habitats. Although 

abundant families were always abundant and rare families were generally always 

rare, this information was not sufficient to delineate riparian boundaries. An 

analysis of the species that occurred in the habitats should give a finer-scale view of 

the differences between riparian and adjacent upslope habitats. 

Beetle Species 

A majority of the specific taxonomic identifications were made using keys 

in "The Beetles of the Pacific Northwest" (Hatch 1953-1971). When available, 

keys from more recent revisions were used to identify species. For example, 

Campbell has published a significant number of taxonomic revisions in the family 

Staphylinidae that greatly facilitated species identification (Campbell 1973, 1978, 

1979, 1982, 1991). On the other hand, identifications were impossible for some 

other taxa (e.g., Aleocharinae) and for some specimens, family membership could 

not be established, even by Coleoptera specialists. The Aleocharinae are a 

particularly difficult group taxonomically and even morphospecies determinations 

were troublesome. Incomplete taxonomic work on the Aleocharinae caused this 

group to also be deleted from numerical analysis. 
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Species identification would have been impossible without the numerous 

revisions and other taxonomic work that have been done. These works also 

contained a significant amount of information about the taxonomy of numerous 

species, and were often the only source of information about the biology of many 

species (Lattin 1993b). More work remains to be done if we are ever to understand 

our complicated ecosystems. 

Species identification was a time-consuming activity. Almost 3 months of 

full time work was required to identify the 210 species contained in the synoptic 

collection. The Systematic Entomology Laboratory arthropod collection at Oregon 

State University was invaluable to the identification process. Verification of 

species identification was possible by comparison to specimens in the collection. 

When no specimen was available for species identity verification, specimens were 

shown to Coleoptera specialists for identification validation. 

A total of 210 species was identified from collections over the two years of 

the study (Table 2). This represents about 25 % of the Coleoptera species known 

from the HJA (Parsons et al. 1991). As many as 250 species were captured during 

the study, but several species determinations were not possible. Few studies have 

dealt with such a species-rich beetle fauna. For example, Desender (1996) 

analyzed only 76 species of carabids when investigating coastal dunes in Belgium, 

and in another study only 44 species of beetles were used to describe diversity in a 

boreal mixed-wood forest (Spence et al. 1996). The number of beetle species used 

for analysis in this study facilitated fine-scale investigations into habitat 
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differences, although special statistical methods were necessary to handle the 

information. 

Species Accounts 

In the following pages I provide a summary of the knowledge of the species 

collected in pitfall traps during this study. The literature is extensive and not easily 

searched because taxonomic revisions often change the names of species making 

biological and ecological information difficult to compile. Several species 

collected are not mentioned here because they are not well studied and little more is 

known about them than their taxonomic name. 

My intention here is to provide the reader with a general understanding of 

these beetles, and to point out the need for more studies on the biology and ecology 

of these species. We cannot expect to effectively manage the biodiversity of our 

forests if we do not have better knowledge of the species that live there. I 

encourage students and researchers to focus attention on all invertebrate species, 

and attempt to understand the true nature of the contribution these species make to 

the health and stability of Pacific Northwest forests. 

Agyrtidae 

Formerly included in the family Silphidae, there are fifteen North American 

species of Agyrtidae, five of which occur in the Pacific Coast states (Borror et al. 
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1989, Downie and Arnett 1996). Adults and larvae of most species are found in 

decaying carrion and vegetation where they are scavengers. Anderson and Peck 

(1985) treated the taxonomy of North American species of Agrytidae. 

One of the two species of this group that were collected during this study 

was Ipelates latus (Mannerheim), originally described from specimens collected in 

the Pacific Northwest. It is distributed throughout the Pacific Northwest from 

Alaska to Oregon, and inland to Alberta, and is the only North American species in 

the genus (Arnett 1983). This species is relatively rare (Hatch 1957), and only 11 

specimens were collected during the 6 sampling periods. Larvae and adults live in 

large fungal masses or fruiting bodies, such as mushrooms or shelf and bracket 

fungi, where they feed on fungal hyphae and spores (Parsons et al. 1991). Adults 

are sometimes collected under bark and along the edges of streams (Anderson and 

Peck 1985). 

The other species collected from this family was Necrophilus 

hydrophiloides Guerin-Meneville. Adults and larvae are very common on carrion 

and in decaying vegetation where they are scavengers (Hatch 1957). Hatch (1957) 

found records of this species from western British Columbia, Washington and 

Oregon, and said it might be a recent introduction. Arnett (1983) added Alaska, 

California and Idaho to the distribution of the species, indicating that it may indeed 

be an introduction and is expanding its range. This species usually occurs in wet 

coastal rainforests and may be uncommon on the HJA. Only one specimen was 
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caught during my sampling, a result consistent with other collecting in the HJA 

(Parsons et al. 1991). 

Anthicidae 

Species in the family Anthicidae are known as the ant -like beetles because 

of their somewhat ant-like appearance (Borror et al. 1989). Most species are less 

than 4 nun long and are usually found on flowers and foliage. Some occur under 

stones and logs, in debris in moist and sandy areas, and along the margins of alkali 

lakes and salt lakes (Hatch 1965). Larvae are predaceous and occur in decaying 

vegetable matter and fruits. There are 18 genera that occur in North America north 

of Mexico (Downie and Arnett 1996), and 10 species are found in the Pacific 

Northwest (Hatch 1965). 

The largest genus of the family is Anthicus Paykull, containing 40 North 

American species. Werner (1964) provided an informative revision of the North 

American species in this genus. These insects are small, oblong-ovate beetles that 

occur under rubbish in moist, sandy areas. Eighteen species are known from the 

Pacific Northwest but only one, Anthicus floralis (Linnaeus), was collected in my 

pitfall traps. .Anthicus floralis is a common, cosmopolitan species that is new to the 

HJA list. Larvae are thought to be microscavengers on dead insects (Davidson and 

Wood 1969). Since adults commonly occur on flowers, it is not unusual that only 

one specimen was captured in pitfall traps. 
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A more common species of the family collected was Eurygenius
	

companulatus LeConte. Although it is a common species in the Pacific Northwest, 

this is the first time it has been recorded from the HJA (Hatch 1965, Parsons et al. 

1991). 

Buprestidae 

The Buprestidae, commonly known as the metallic wood-boring beetles, 

possess a beautiful metallic coppery, green, blue or black color. The species are 

generally hard, compact, and flattened beetles, 3 to 28 mm in length. The strong-

flying adults are attracted to dead or dying trees where they mate and lay eggs. 

They can be found during the day basking in the sun on flowers, tree trunks and 

limbs and will feign death and often drop when approached. Larvae, known as 

hammerheads or flat-headed borers, live under bark for up to 8.5 years before 

pupating and can cause serious damage to trees and shrubs, sometimes killing 

apparently healthy trees (Furniss and Carolin 1977). 

The flat head fir borer, Melanophila drummondi (Kirby), was the only 

species of metallic wood-boring beetle captured during this study. The genus 

Melanophila Eschscholtz was last revised over 50 years ago (Sloop 1937). There 

are 17 Nearctic species, and 10 species occur in the Pacific Northwest (Hatch 

1971). Larvae of this genus bore into the inner bark and outer wood of large trees, 

and cause considerable damage to forests (Furniss and Carolin 1977). Adults are 

small to moderate in size, and can be collected by sweeping shrubs and grasses. 
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Melanophila drummondi occurs in the western Canadian Provinces and 

western United States. It is the most abundant species of the genus in the western 

United States, and is common in the HJA (Craighead 1950, Parsons et al. 1991). 

Adults frequently attack mistletoe infected, dying, fire-killed, or recently felled 

Douglas fir, true firs, spruce, western hemlock and western larch and are known to 

kill apparently healthy trees stressed by drought (Furniss and Carolin 1977). They 

are also common around forest fires, and have been observed laying eggs on 

smoldering, scorched trees (Baker 1972). The larvae bore in inner bark and outer 

wood and feed on the cambium. 

Byrrhidae 

Byrrhids are small, very convex, dull-colored beetles, 5-10 mm in length. 

The dorsal surfaces of these beetles are covered with setae or minute scales. When 

they are disturbed, they remain motionless, giving the appearance of small pebbles 

or pills, thus the common name, pill beetles (Downie and Arnett 1996). Pill beetles 

live in loose sand and soil, under logs and stones, or in roots of plants in sandy soil 

near water. The herbivorous adults and larvae can damage forest tree seedlings but 

none of the 6 HJA species are serious pests (Furniss and Carolin 1977, Parsons et al 

1991). There are 72 species of byrrids in 14 genera recorded from the United 

States and Canada. 

Of the six species known from the HJA, three were found in my pitfall 

traps. Cytilus alternatus (Say) is a common beetle on the HJA. These black 
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byrrids occur throughout the northern United States, Canada, and Europe (Hatch 

1962). Another common species collected was Morychus oblongus (Le Conte). It 

occurs only in the Pacific Northwest and southwestern Canada (Hatch 1962). The 

rare species, Lioon simplicipes (Mannerheim), collected only in western British 

Columbia, western Oregon, and Alaska (Hatch 1962, Arnett 1983) was the third 

byrrid species found in pitfall traps. 

Cantharidae 

The Cantharidae, known as the soldier beetles, are small to moderate sized 

insects. Similar to fireflies, (Lampyridae), they have soft bodies but lack light 

organs (Downie and Arnett 1996). Adult soldier beetles are usually found on 

flowers, feeding on pollen. Larvae of many species are predaceous, and occur 

under bark and rubbish where they consume small larvae or adults of other insects. 

There are 16 North America genera, 3 of which are found in the Pacific Northwest 

(Hatch 1962, Downie and Arnett 1996). 

A key to the North American species of Malthodes Kiesenwette is 

available, however, positive identification requires extraction of the male genitalia 

for slide mounting and comparisons (Fender 1951). Because these species are no 

more than 3 mm in length, dissection is difficult, and species determinations were 

not attempted. Three morpho-species were identified from the HJA material. The 

genus has 29 species that occur in the Pacific Northwest, several of which are rare 

(Hatch 1962). 
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Adult Malthodes are usually less than 5 mm in length and occur in shaded 

situations on branches of coniferous and deciduous trees and shrubs and on low 

herbaceous plants in moist and boggy areas near water (Fender 1951). The species 

appear to be host specific and are found on either conifers or deciduous trees but 

not both. Some species of Malthodes feed on aphids (Doane, et al. 1936). 

Carabidae 

Carabidae is the third largest family of beetles in North America. There are 

over 20,000 species worldwide, and more than 500 species in the Pacific Northwest 

(Hatch 1953, Downie and Arnett 1996). Ninety-three species from 34 genera occur 

in the HJA (Parsons et al. 1991). Carabidae were one of the most abundant 

specimens in my pitfall traps comprising 22% of the total adult beetles collected 

from 1992-1994 (Figure 8). There is remarkable variation in size, shape, and color 

of the members of this family, but most of the species are dark, shiny, and 

somewhat flattened with striate elytra (Borror et al. 1989). The family has been 

revised extensively. Erwin et al. (1977) supplied a comprehensive list of the 

species of this group. 

Adult Carabids are black or dull-brown and are found under rocks and logs 

during the day, foraging on the ground and in trees and shrubs at night. They 

mostly feed on insects, especially caterpillars. Some are adapted for eating snails, 

slugs and earthworms, while other members of this family consume seeds and 
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grains (Stehr 1991). The larvae are also mostly predaceous and live in burrows in 

the ground. They develop rapidly, typically with only 3 instars (Stehr 1991). 

Twenty-two of the carabid species I collected were found predominately in 

the riparian habitat. Species of the genus Agonum Bonelli are common in damp 

areas among stones and gravel near running water throughout temperate climates 

around the world (Lindroth 1961). Two of the 4 species from this genus that were 

collected from my traps have a western North American distribution, Agonum 

aeneolum LeConte and A. ovipenne Mannerheim. The other 2 species, Agonum 

cupripennis (Say) and Agonum subsericeus (LeConte) are distributed across North 

America (Hatch 1953). 

Species of Amara Bonelli found in my pitfall traps have transamerican 

distributions. Species of this Holarctic genus are medium to large beetles with a 

broad thorax and short legs. Most are found under stones, logs, and other cover 

during the day, and climbing on foliage at night where they forage for seeds and 

fruits (Haubold 1951, Lindroth 1969). Amara cupreolata Putzeys has small wings 

and is probably flightless. One hundred and six species of Amara have been 

recorded in North America. Amara littoralis Marmerheim prefers open areas with 

weedy vegetation. 

Pterostichus crenicollis LeConte was the most common carabid beetle 

collected. The species is usually found under cover on damp ground in shady areas 

along Pacific Northwest streams (Hatch 1953). Adults hibernate during the winter 

and become active again in the spring. Another riparian-occurring ground beetle 
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that was abundant in riparian pitfall traps was Diplous filicornis (Casey). The 

species commonly occurs near rapidly flowing, cold-water streams above 1000 feet 

in elevation along the western coastal United States and Canada (Lindroth 1966). 

Most of the 63 North American species of the group, Bembidion Latreille, are also 

common along banks of bodies of water and on mud flats. Bembidion iridescens 

(LeConte) was the most common species of this genus collected in my traps. It 

occurs in damp, shady habitats in moss and litter along the coastlands and 

mountains of western North America (Lindroth 1961). Only one specimen of 

Bembidion castum Casey was captured. This species belongs to the subgenus 

Lionepha. Erwin and Kavanaugh (1981) treated the taxonomy of this group, and 

included a key to the North American species. Adult B. castum are believed to live 

on moderately moist sand under sparse vegetation, and are not considered riparian 

(Lindroth 1961). Their distribution is similar to that of B. iridescens. 

Other species collected only in riparian pitfall traps were less abundant. 

Anisodactylus californicus Dejean occurs west of the Rocky Mountains on wet 

ground in open grasslands. The fast-running adults ofApristus constrictus Casey 

are predators, seeking prey in riparian habitat on dry sand and gravel (Hatch 1953). 

Badister ferrugineus Dejean are small, elongate-oval beetles that are considered 

rare in the Pacific Northwest (Hatch 1953). Considered a common species in 

western North America, Elaphrus purpurans Hausen is often found in damp places 

such as bogs and stream margins on mud and moist sand, but can appear some 
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distance from water on dry, silty ground shaded by trees and shrubs (Goulet 1951, 

Lindroth 1961). 

All species of the Holarctic genus Harpalus Latreille are known to occur in 

mesic grasslands, woodlands, and montane meadows (Noonan 1991). An excellent 

work by Noonan (1991) provides a key to the species and contains a significant 

amount of ecological information. Harpalus somnulentus Dejean adults are active 

at night and spend most of the daylight hours under dung, wood, and rocks 

(Noonan 1991). Their wings are fully developed and there is no doubt they are 

capable of flight (Lindroth 1961). Adult Harpalus opacipennis (Haldeman) are 

known from western North America (Noonan 1991). Leistus ferruginosus 

Mannerheim, on the other hand, is known only from the Pacific Northwest (Hatch 

1953, Erwin 1970). Adults and juveniles of Metabletus americanus (Dejean) are 

rare and occur on slightly damp ground under debris and rocks in areas of sparse 

vegetation, where they feed on Collembola (Haubold 1951, Davis 1953, Skuhravy 

1959, Borror et al. 1977). 

One non-indigenous carabid species, Pterostichus melanarius (Illiger), was 

also collected in riparian habitat. This Palearctic species was introduced to Nova 

Scotia in 1926 (Lindroth 1961). Adults are common under cover on moist ground 

in open forests and meadows. Larvae hibernate during the winter and continue 

their development in the spring. One teneral adult was captured, and the species 

does not appear to be well established in the HJA. 
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Ten species of carabid beetles were collected predominately from upsiope 

habitat. Cychrus tuberculatus Harris is one of three forms in this genus from the 

Pacific Northwest (Hatch 1953, Gidaspow 1973). The 3 are allopatric and may 

represent a single species (Hatch 1953). Cychrus tuberculatus is thought to be 

restricted to forested habitat where it is a predator on snails. This species was 

common and one of the most abundant species in my pitfall traps. Another species 

common in upsiope habitat was Promecognathus crassus LeConte. Known only 

from the West, it has been found from southwest British Columbia, Canada to 

northern California (Hatch 1953). Adults occur in relatively dry, shady areas in 

moderate to dense forests, and may feed on snails, slugs, and a millipede 

indigenous to Pacific Northwest forests, (Harpaphe haydeniana) that secrete 

cyanide (Lindroth 1961, Parsons et al. 1991). 

Several species of Pterostichus Bonelli were collected in upslope pitfall 

traps. Species of this genus are large, black beetles with an elongate-oval shape. 

Found almost exclusively in upslope forests, Pterostichus herculaneus Mannerheim 

was very abundant in my traps. Adults often occur under cover on damp ground, 

especially in dense, dry coniferous forests of western North America (Lindroth 

1966). Pterostichus lama Menetries was the largest species found in my pitfall 

traps. Adults are 18 to 23 mm long and can be found under the bark of downed 

logs in dark coniferous forests along the Pacific Coast of North America (Lindroth 

1966). Another abundant species was Pterostichus protractus LeConte, a species 
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common in forested areas (Hatch 1953). This montane species has been collected 

as high as 7200 feet in elevation (Haubold 1951). 

Two species of the genus Pterostichus were relatively rare in pitfall traps, 

P. castanus (Dejean) and Pterostichus tuberculofemoratus Hatch. The former is 

distributed throughout. North America west of the Rocky Mountains, especially on 

dry ground in montane habitats (Lindroth 1966). The latter species has been 

collected from only Oregon and very little is known about its biology (Hatch 1953, 

Lindroth 1966). 

One of the two species from the genus Scaphinotus Dejean was prevalent in 

upslope forest habitat. Scaphinotus angulatus (Harris) has been collected from 

Washington, Oregon, and British Columbia in Canada (Hatch 1953). The species 

is believed to be restricted to dense forests where adults are most active in late 

summer and fall (Lindroth 1961). There are 53 species in Scaphinotus and most 

are considered to be predators on mollusks (Lindroth 1966). The head- and mouth-

parts of species of this group are particularly adapted for entering the opening of 

snail shells and scooping out the contents. Adults usually occur in cool, damp 

woods where they hunt at night. Larvae have strong jaws and also have been seen 

eating snails (Powell and Hogue 1979). The species of this genus have recently 

been revised (Gidaspow 1973). 

Zacotus matthewsi LeConte is thought to be restricted to "old-growth 

forests," and fragments of this species have been retrieved from Spotted Owl 

pellets (Lindroth 1964). Strictly a western North American species, it occurs from 



154 

California north to British Columbia, Canada. Adult Zacotus matthewsi live at the 

margins of high, dense coniferous forests, and ai-e frequently found under rotten 

logs or on moderately moist soil (Lindroth 1964). Although Hatch (1953) classified 

this species as rare, it was abundant in my pitfall traps, especially in upslope forest 

habitat. Some specimens were also collected in the riparian habitat. 

A single specimen of Notiophilus sylvaticus Eschscholtz was collected in 

my pitfall traps. This species is considered to be common, and is distributed along 

the west coast of North America from Alaska to California. Notiophilus sylvaticus 

lives among conifer needles on gravel and silt near stream margins with sparse 

vegetation (Westwood 1839, Lindroth 1961). Adults feed on Collembola and 

mites, lying still for long periods in wait for prey (Borror et al. 1977). All 16 North 

American species of the genus Notiophilus Dumeril are small, metallic-colored 

beetles less than 6 mm in length (Lindroth 1961). 

Two species of ground beetles collected from my traps were about equally 

distributed in riparian and upslope pitfall traps. Found only from California and 

Oregon from sea level to 4,500 feet, little is known about the biology of 

Pterostichus inopina (Casey) (Hatch 1953). This species was rare in my pitfall 

traps, indicating that it probably does not occur in habitats near streams. An 

abundant species, Scaphinotus marginatus (Fischer von Waldheim) is distributed 

throughout western coastlands and mountains from California to AlaSka (Hatch 

1953). This eurytopic species occurs mainly in forests, particularly near streams or 

snow patch edges (Greene 1975, Lindroth 1961). Adults were most abundant in 
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early spring pitfall traps. Larvae feed on very small snails and can mature after 

consuming a single prey (Greene 1975). 

Ceram bycidae 

There are over 1000 species of Cerambycidae in the United States and 

Canada. They vary greatly in size from 3 mm to 150 mm in length. The antennae 

of this group are distinctively long, some longer than the body of the adult insect. 

The adults of brightly colored species are often found feeding on flowers and 

foliage during the day. Nocturnal species are usually dull colored and occur under 

logs or bark during the day. Larvae are white or yellowish woodborers feeding on 

weakened or dying hardwood trees. Most western species are cambium feeders, 

but often penetrate sapwood and heartwood, causing economic damage to 

commercial trees. Other species bore deeply into the wood, and are considered 

serious economic pests in commercial forests. The Cerambycidae play an 

important role in the ecosystem, facilitating the decomposition of dead trees. 

Larvae dig galleries into dead and dying trees. Wood-rotting fungi penetrate snags 

and fallen logs through these galleries (Basham and Belyea 1960, Furniss and 

Carolin 1977) 

The genus Phymatodes Mulsant contains 27 Nearctic species. Phymatodes 

vulneratus (LeConte) are recorded from western British Columbia, Washington, 

and Oregon (Hatch 1971). Adults are 5-10 mm in length. Most larvae of this 
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genus consume the wood of Acer and Fraxinus species, but are not generally 

considered economically important pests (Furniss and Caro lin 1977). 

Plectrura spinicauda Mannerheim occurs in western forests from Alaska to 

California. Adults are common, emerging in the fall and locating hiding places in 

which to over winter. They resume activity in the spring, laying eggs under the 

bark of their hosts. Larvae feed under the bark and in the sapwood ofAcer, Alnus, 

and Salix species, and are important nutrient recyclers. 

Chrysomelidae 

The Chrysomelidae are a large and diverse group, containing about 1500 

North America species in 188 genera (Borror et al. 1989). They vary greatly in 

size, shape, and color (Downie and Arnett 1996). Brightly colored adults feed 

upon flowers and foliage and the larvae eat roots, stems, and leaves. Many species 

seriously damage agricultural crops, but because the family is entirely 

phytophagus, it is a good source of biological control agents. 

The genus Altica Miller contains 59 Nearctic species. Altica tombacina 

(Mannerheim) occurs throughout the Pacific Northwest and Montana. This is a 

very common species recorded from western dogwood trees (Cornus nuttallii) and 

fireweed (Epilobium angustifolium) (Hatch 1971). 

Epithrix Foundras has 16 species in North America north of Mexico. Hatch 

(1971) mentions 3 species that occur in the Pacific Northwest, including the 

introduced tuber flea beetles, the larvae of which injure potato tubers. Other 



157 

species of this genus also have hosts in the family Solanaceae. Larvae of Epithrix 

develop in the soil, feeding on roots. The emerging adults find their way to their 

preferred host plants where they feed on stems and flowers (Seeno and Anderson 

1972). Adults are very small and morphologically similar, making identification 

difficult. Species identifications were not possible with the limited number of 

specimens collected from traps, therefore the specimens were divided into 2 

morphospecies. 

Only one specimen of Haltica ambiens (LeConte), the alder flea beetle was 

collected. This beetle has a transcontinental distribution and is very common on 

alder, poplar, and willow (Keen 1938). The larvae skeletonize the upper surface of 

alder leaves and drop to the duff to pupate. A full-grown larva may reach up to 8 

mm in length. The cobalt-blue adults voraciously consume alder leaves until fall, 

then they hibernate in the soil, and emerge in the spring to lay eggs and feed on 

fresh foliage. Adults are usually scarce, but may periodically appear in large 

numbers chewing holes in the leaves of their host plants (Craighead 1948). 

Another species that appeared as a single specimen was Phyllotreta utana 

Chittenden. It has been found throughout western North America from Oregon to 

California on the Pacific Coast and east to Montana and Nevada (Arnett 1971). 

Species of the genus frequently are pests of economic importance on cruciferous 

plants, and may transmit a diverse array of viruses to Brassica species and other 

Cruciferae. Phyllotreta utana is a pest on mustard and sugar beets (Chittenden 
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1920 1926). A useful key to the species of Phyllotreta Cheverolet also provides 

some limited ecological information (Jolivet 1948). 

Timarcha intricata Haldeman, another rare species in my pitfall traps, has 

been previously recorded only from California, Idaho, and British Columbia. Adult 

T intricate are usually common, and are sometimes locally abundant on 

huckleberry (Vaccinium scoparium Leiberg), thimbleberry (Rubus parviflorus 

Nutt.), and occasionally on commercial strawberry crops (Beller and Hatch 1932). 

Cicindelidae 

The tiger beetles are a wonderfully diverse group, displaying brilliant colors 

and decorative patterns on their elytra. Members of this family are distinguished 

by their large heads, prominent eyes, long, sickle-shaped jaws, and long legs. The 

family Cicindelidae has at times been included as a subfamily in the Carabidae 

because their appearance and ecology are similar (Borror et al. 1989 et al.). There 

are 4 North American genera found north of Mexico comprising about 80 species. 

Twenty-three of these species occur in the Pacific Northwest (Hatch 1953, Downie 

and Arnett 1996). 

The adults and larvae of this family are voracious predators and can often 

be found carrying their prey in powerful mandibles. The adults are active and can 

run and fly swiftly. -Larvae are grub-like with long, curving jaws. They live near 

creeks and ponds in vertical burrows, ambushing prey as they approach. Larvae 

have a humped fifth abdominal segment with hooks that provides the individual 
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with a means of remaining near the top of its burrow while awaiting prey. The 

hooks also make the larvae difficult to remove from their burrows. 

Only one species of tiger beetle was captured during this study, Omus 

dejeani Reiche. Cazier (1942) extensively reviewed the genus Omus Eschscholtz. 

There are thirteen species in the U.S. and Canada, five of which occur in the Pacific 

Northwest (Hatch 1953). Omus dejeani is common in western Washington and 

Oregon, and southwest British Columbia, Canada (Hatch 1953). The black, 

wingless beetle is nocturnal and is the largest species of the genus. Larvae of this 

species live in smooth round holes in the soil from which they strike at passing prey 

(Essig 1936). Omus dejeani was one of the first beetle species described from the 

Pacific Northwest (Hatch 1947). 

Ciidae 

Ciidae is a family group with about 40 genera and 550 species worldwide 

(Lawrence 1982). They are known as the minute tree-fungus beetles, and eighty-

five species in 13 genera are known from North America. Eight genera and 23 

species occur in the Pacific Northwest (Hatch 1962, Downie and Arnett 1996). The 

family had been called Cisidae, Cissidae, and Cioidae by various taxonomists until 

Lawrence (1971) revised the family. The adults of this group are very small 

(0.5-0.6 mm), with brown or black cylindrical bodies and deflexed heads, not 

visible from above (Borror et al. 1989). They closely resemble Scolytidae. 
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Adult Ciidae are found under bark and in rotting wood and dry woody 

fungi. They feed almost exclusively on the fruiting bodies and hyphae of wood-

rotting fungi (Basidiomycetes) and show a large degree of host specificity 

(Lawrence 1973; Stehr 1991). Larval ciids are 1-7 mm in length, sub cylindrical, 

with lightly pigmented dorsal surfaces. They share habitats with the adults and 

show the same host specificity. 

The largest genus of minute tree-fungus beetles is Cis Latreille comprised 

of more than 40 species in North America north of Mexico. Hatch (1962) lists 6 

Pacific Northwest species, but because they are relatively rare, the number of 

species is probably greater. Cis biarmatis Mannerheim is distributed from Alaska 

to California (Lawrence 1982), where it is a common species and sympatric with 

C. ephipagesiatus Mannerheim. The preferred host for this species is Fomes 

pinicola, a fungus growing on conifers. 

Coccinellidae 

The ladybird beetles are well known predators, often brightly colored as 

adults. There are about 475 North American species and several more purposely 

introduced for biological control. Adults and larvae of most species are predaceous 

and feed on aphids and other small insects. Adults of some species hibernate in 

large aggregations under leaves and debris, and masses of individuals are 

sometimes found in the same locality year after year. 
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There are 17 indigenous Nearctic species in the genus Hippodamia Dejean. 

Hippodamia moesta Le Conte has been reported from Oregon and British 

Columbia, Canada. Both larvae and adults feed on aphids and scale insects 

(Baker 1972). 

Corylophidae 

The minute fungus beetles are small insects, 0.5 to 5 mm in length. The 

adults are elongate, cylindrical, oval, or round and the head is covered by the 

pronotum. The adults occur in decaying vegetable matter and grass clippings. 

Adults and larvae feed on fungal spores (Bousquet 1991). There are 11 genera in 

North America north of Mexico (Downie and Arnett 1996). 

Sericoderus Stephens contains 5 North American species, but only one has 

been collected in the Pacific Northwest, Sericoderus lateralis (Gyllenhal) 

(Hatch 1957). This species occurs in the nests of wood rats and is distributed 

throughout the Pacific Northwest. It is an introduction to North America, and 

despite its broad distribution, it is not locally abundant (Baker 1972, 

Bousquet 1991). 

Cryptophagidae 

Known as the silken fungus beetles, the Cryptophagidae are small, oblong 

or oval, yellow to black beetles. They occur on fungi, in decaying vegetation, 
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under bark, and in nests of wasps and bumblebees. Adults and larvae of most 

species feed on fungi, flowers, and leaves. Some species are found in stored grains 

where they feed on mold (Bousquet 1991). There are 17 North American genera in 

this family (Downie and Arnett 1996). 

Six species of Cryptophagidae were collected from pitfall traps in the HJA. 

Anchicera gonodera (Casey) and Anchicera ochracea (Zimmermann) are small 

species, oblong to oval in shape, and are very common in decaying vegetation, leaf 

litter, humus, compost and grass clippings. Atomaria longipennis (Casey) is 

usually common locally, but only one specimen appeared in my traps. Caenoscelis 

ferruginea (Sahlberg) was also rare in my collections. Henotiderus lorna Hatch 

was more abundant and was found predominately in the upslope, forested habitat. 

This species is generally found in leaf litter or in fungi, especially in species of 

Polyporus, Pleurotus, and Fomes. (Bousquet 1989). Little else is known about 

these species. 

The genus Crytophagus Herbst contains 41 Nearctic species. It is the 

largest genus of the family Cryptophagidae, and is comprised ofsmall beetles 

between 1.5 and 4.5 mm long and of varying colors (Woodroffe and Coombs 

1961). So far as is known, all species of this genus are fungivores and occur in 

macro-fungi and various habitats where molds are found, including stored foods, 

under bark, and on foliage. Some species are associated with mold found in 

mammal nests. Many of the eighteen species of Crytophagus that occur in the 

Pacific Northwest are also found in Europe and may be introductions here 
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(Hatch 1962). Only one species of this genus has been collected from the HJA, 

Clytophagus tuberculosus Malin (Hatch 1962, Parsons et al. 1991). It was 

introduced from Europe and now occurs throughout western North America in 

grain elevators, mammal nests, and in coniferous forests (Woodroffe and Coombs 

1961, Hatch 1962). 

Curculionidae 

With over 300,000 described species, Curculionidae is the largest family of 

beetles in the world (Downie and Arnett 1996). Commonly known as weevils, this 

group is also known as snout beetles because of their narrow, elongate head with 

mouthparts on the end. Weevils vary considerably in size, shape and form. More 

than 2,600 species of weevils occur in North America in a variety of different 

habitats (O'Brien and Wibmer 1982). All species of this family appear to be 

herbivorous in both larval and adult stages. The larvae are legless and 

characteristically "C" shaped, and generally occur in protected environments inside 

of plants, and develop in roots, stems, fruits, seeds, leaves, and galls. Adults 

normally feed externally on their host plants and are often nocturnal. As a result of 

their close association with plants, many species throughout the world are 

economically important crop pests. Probably the most serious pest worldwide is 

the rice weevil, Calandra oryza Linneaus, that accounts for massive losses of 

stored rice and other grains around the world. Other species are important 

biological control agents against weeds (Stehr 1991). The literature on weevils is 
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as voluminous as the numbers of species but good general references would include 

Arnett (1971), Hatch (1971), and Crowson (1981). 

One group of weevils that contains several serious pests of plants is made 

up of the species from the genus Otiorhynchus Germar. They feed on buds, young 

fruit, and foliage of a variety of host plants. Many of the species of this genus are 

non-indigenous in North America. The five species that have been collected in the 

Pacific Northwest were all introduced from Western Europe (Hatch 1971). Warner 

and Negley (1976) published a fine revision of the species found in North America., 

and Hatch (1971) treated the species that occur in the Pacific Northwest. Nearly all 

species of Otiorhynchus are parthenogenic, occurring only as females. Most 

species are flightless, but a small proportion of every population has wings (Doane 

et al. 1936). Species distribution maps show that they are very vagile insects even 

if most do not fly (Warner and Negley 1976). 

Three species of Otiorhynchus were collected from the HJA during this 

study. They were Otiorhynchus ovatus (Linnaeus), the strawberry root weevil, 

0. rugostriatus (Goeze), the rough strawberry weevil, and 0. sulcatus (Fabricius), 

the black vine weevil. All three are serious agricultural pests with a large list of 

acceptable and recorded host plants (Warner and Negley 1976). All are also 

parthenogenic. Otiorhynchus ovatus causes serious damage to strawberry crops, 

conifer seedlings, and many other plants (Arnett 1971). Larvae feed on roots of the 

host and are most active in the spring. Adults are wingless, dark reddish-brown, 

and range from 4 to 6 mm in length. Both larvae and adults over-winter, the larvae 
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in the ground and the adults near the base of their host plants, and both emerge in 

May and June (Breakey et al. 1952). Otiorhynchus ovatus was introduced in the 

Pacific Northwest from Europe and was first detected in British Columbia in 1894 

(Harrington 1897). It is now the most common and destructive root weevil in 

North America (Hatch 1962). 

The black vine weevil, Otiorhynchus sulcatus (Fabricius), is the largest 

European immigrant of the genus, measuring up to 11 mm in length. This wingless 

species was first collected in North America in 1891 from Victoria, British 

Columbia, and 10 years later became one of the very common beetles in the Pacific 

Northwest (Fletcher 1902). One of the several hosts of 0. sulcatus is Taxus, an 

important tree species in the Pacific Northwest that has cancer-curing properties 

(Hartzell 1991, Latin 1998). The larvae of this species feed on roots, and 

frequently kill their hosts (Keifer 1932). A generalist feeder, the black vine weevil 

also attacks grapes, and have been observed feeding on larch in western Oregon 

(Schowalter personal observation). Adults of this species often enter houses but 

cause no damage there. 

The rough strawberry weevil, Otiorhynchus rugosostriatus (Goeze), is 

another European introduction distributed throughout North America. This species 

is common on strawberries, cranberries, cotoneaster, and other horticultural shrubs 

(Keifer 1982). The larvae of the rough strawberry weevil eat the roots of their host 

plant and are serious pests on strawberry and cranberry crops (Hatch 1971). 
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Another introduced weevil encountered was Cryptorhynchus lapathi 

(Linnaeus). Introduced from Europe, the poplar-willow borer was first reported in 

the United States from New York City in 1882 (Baker 1972). By 1926 it had 

reached the Pacific Northwest, occurring as heavy infestations on popular, willow, 

and oak (Hatch 1971). The larvae mine under the bark, feed on the cambium layer 

of the tree, and sometimes bore into the wood, weakening and killing the tree or its 

branches (Kissinger 1964). Adults feed on the inner bark ofyoung shoots and can 

often be found resting in the outer loose bark of their hosts. Adults often over-

winter in leaf litter and duff, and can survive for up to 3 years. 

A common species collected from upslope pitfall traps was Steremnius 

carinatus (Boheman). This black weevil is 6-11 mm in length and has patches of 

reddish-brown scales on the elytra. It is abundant in coastal forests from Alaska to 

Oregon, where the adults feed primarily on dead plant material and are important 

nutrient recyclers. The larvae of S. carinatus sometimes attack conifers, girdling 

1-2 year old seedlings of Douglas fir and Sitka spruce, and are considered 

economically significant (Condrashoff 1966). Larvae are also known to feed on 

hemlock and true firs and may be a vector of black stain disease in young Douglas 

fir plantations (Witcosky et al. 1986). Larvae are also found in the phloem of slash 

and the roots of dying conifers. 

Two other weevils collected from the HJA were Lepesoma lecontei (Casey) 

and L. granicollis (LeConte). All 34 North American species of this genus are 

parthenogenic, occurring only as females (Hatch 1971). Lepesoma granicollis, the 
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Woodburn root weevil, is known to feed on cherry, wildgum, salmonberry, 

strawberry, and raspberry, but is not considered a pest. Lepesoma lecontei has been 

shown to feed on the cones of Douglas-fir trees (Schowalter 1986). 

Geodercus incomptus Horn occurs throughout the Pacific Northwest and 

feeds on Monterey pine and rhododendrons and Douglas-fir roots. The congener 

Geodercodes latipennis Casey is also found throughout the Pacific Northwest and 

lives in moss and ground litter. A third species of the genus, Geodercus 

puncticollis Casey, was also collected in my traps. Both Geodercus incomptus and 

G. puncticollis are considered pests on strawberries (Baker 1972). 

The genus Panscopus includes 28 North American species with 15 species 

in the Pacific Northwest (Hatch 1971). A revision of the genus with a key to the 

species was completed by Buchanan (1936). One coniferous-feeding species in the 

Pacific Northwest is P. gemmatus (LeConte), a species that also feeds on 

strawberries, annuals, and woody shrubs. Scales on its elytra give the adults a 

green cast, making this one of the easier weevils to identify. Adults are often found 

in the stomachs of toads and may be an important food source for amphibians in 

Pacific Northwest forests (Hatch 1971). 

Other weevils encountered during this study were Sthereus horridus 

(Mannerheim), found in the litter on forest floors and in downed pine logs (Arnett 

1971), Rhyncolus brunneus Mannerheim, occurring under the bark of dead trees 

(Doane et al. 1936), and Tychius stephensi (Schonherr), first introduced from 

Europe in the early 20th century, and now found throughout much of northern North 
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America (Hatch 1971). The latter species, known as the lupine seed weevil, feeds 

on developing seeds of lupine and clover and can be a major pest to agricultural 

crops (Doane et al. 1936). A key to the species of Sthereus Motschulsky is 

available, but contains limited ecological information (Zimmerman 1964). A key 

to North American species of Tychius Germar is also available (Clark 1971). 

Derodontidae 

The Derodontidae are a small group of beetles with only 9 North American 

species. Teeth on the lateral portion of the pronotum give the family their common 

name, the tooth-necked fungus beetles. They occur in woody shelf fungi and under 

the bark of rotting logs. One of the species of this family, Laricobius erichsonii 

Rosenhauer, is an introduction from Europe and an important predator of the 

balsam woolly adelgid (Franz 1958, Mitchell 1965). Species of this group are 

rarely collected and their habits are not well known. 

Peltastica tuberculata Mannerheim is the only species of the genus known 

from North America (Hatch 1962, Downie and Arnett 1996). It is distributed from 

northwest Oregon to Alaska and Japan (Hatch 1962). 

Dytiscidae 

Known as the predaceous diving beetles, Dytiscidae represent a moderately 

large family with over 475 species occurring in North America north of Mexico 
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(Downie and Arnett 1996). The majority of the taxa are found in weedy ponds and 

quiet streams. Predaceous diving beetles have dark-colored, smooth, hard bodies 

and paddle like hind legs adapted for life in aquatic habitats. The adults and larvae 

of this family are predaceous, and feed on other insects, tadpoles and small fish 

(Downie and Arnett 1996). Adults trap air under their elytra and may remain under 

water for long periods of time. Dytiscid larvae, known as water tigers, are also 

predators and have sickle-like jaws with channels through which they suck juices 

from their prey. They feed on other insects and small fish. They leave the aquatic 

habitat to pupate in earthen cells just below the surface of the moist soil near 

streams and lakes. 

Oreodytes rivalis (Gyllenhal) inhabits fast-flowing rivers and streams, 

crawling among rocks in the substrate. At times this species can be found amongst 

the weeds in quiet pools and eddies near rapidly moving water (Hatch 1953). 

Zimmerman (1985) published a useful key to the species of North America. 

Elateridae 

The Elateridae form a large family of beetles with 885 species in North 

America. The click beetles get their name from their ability to click and jump. 

When placed on their back, they will jump with an audible click until they right 

themselves. Most adults are dull brown or black, but some species are brightly 

colored. Adults are generally phytophagus and occur on flowers, under bark, and 

on vegetation. The larvae, called wireworms, have a slender form with a hard 
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covering. They can be destructive to agricultural crops. They often feed on the 

roots and newly planted seeds of beans, cotton, potatoes, corn and cereals. They 

live for several years in the soil where they are difficult to eradicate. In Pacific 

Northwest forests, some species are predaceous, feeding on woodborers and tip 

moth pupae in the soil. 

The genus Agriotella Brown has 61 North American species. None of the 

species are considered to be economically important pests (Brooks 1960). 

Agriotella fusca Lane occurs in eastern Washington, Oregon, and southern Idaho, 

and is endemic to the Pacific Northwest (Hatch 1971). 

The genus Ampedus Germar contains 50 North American species, 23 of 

which occur in the Pacific Northwest (Hatch 1971). Larvae live under the loose 

bark of rotting logs and stumps. Ampedus nigrinus (Herbst) adults feed on flowers 

and under bark. The small, and wedge-shaped larvae feed in decaying wood. Their 

host plants include pines, spruce, and firs, especially in montane, subalpine, or 

boreal habitats (Brown 1933). Ampedus nigrinus is a common species and is 

widely distributed (Hatch 1971). Ampedus rhodopus (LeConte) occurs in 

California, Oregon, and Washington, and in British Columbia, Canada (Hatch 

1971). 

The 40 North American species of the genus Athous Eschscholtz are small 

to moderate in size, and are black or brown in color. A number of the species are 

confined to the Pacific Coast states and provinces. The genus is predominately 

Holarctic, and most of the species occur in heavily forested mountain areas 
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(van Dyke 1932). An excellent key to the species of North America also provides 

some ecological information (Becker 1979). The larvae of several of the species 

are predaceous and are common near croplands, preferring undisturbed soil or 

rotting wood (Hatch 1971). Athous scissus LeConte occurs in heavily timbered 

areas of the Pacific Northwest, and lives under bark of old, rotting stumps (van 

Dyke 1932). Athous vittiger LeConte also lives in rotting wood and is distributed 

from British Columbia in Canada, south to Santa Cruz, California (van Dyke 1932). 

There are 154 North American species in the genus Ctenicera Latreille, 

most of which are slender, elongate beetles. At least two species, C. triundulata 

(Rand) and C. nitidula (LeConte) are known to feed on the cocoons of the 

European spruce sawfly, a serious pest in the Pacific Northwest (Morris 1951). 

Ctenicera is the largest genus in this family, containing several important pest 

species (Hatch 1971). Larvae feed on the roots and other underground tissues of 

their host plants. They are opportunistic feeders, and will eat grain, vegetable 

crops, bulbs, and flowers. They will also eat other larvae they encounter (Powell 

and Hogue 1979). Ctenicera suckleyi (LeConte) is one of 63 species in this genus 

that occurs in the Pacific Northwest (Hatch 1971). 

The genus Hemicrepidus Germar contains 9 North American species. The 

distributions of most of the species in this genus are restricted to North America 

except for one species (van Dyke 1932). Adults of Hemicrepidus montanus Lane 

are frequently found in riparian habitats. The larvae are not encountered often and 

are never abundant in collections (Glan et al. 1943). 
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Megapenthes Kiesenwetter has 27 North American species, only one of 

which, Megapenthes caprella (Le Conte), appeared in my traps. While the adults of 

this species have been described, the larvae are unknown. The members of this 

genus are distributed world wide, with the bulk of them found in wanner parts of 

the globe (van Dyke 1932). A key to the species of North America also contains 

some useful ecological information about the species (Becker 1971). 

Elmidae 

This family has as synonyms the Elminthidae, Laridae, and Helmidae 

(Brown 1983). Elmids are small beetles, usually less than 3.5 mm in length, with 

smooth elytra, and are often marked with yellow spots or stripes. Larvae are long 

and slender, and are found near the adults (Borror et al. 1989). Elmids are found 

almost everywhere on earth, except for the Antarctic and Boreal regions. There are 

25 North American genera north of Mexico comprised of 85 species. Hatch (1965) 

reported 10 genera and 18 species in the Pacific Northwest. The most recent keys 

to North American elmid species are those in Brown (1972). 

Adult Elmidae, also known as riffle beetles, are both terrestrial and aquatic 

and feed on rotten wood, encrusting algae, and detritus. Adults are not capable of 

swimming; instead they cling to the upper surface of partially submerged stones 

and plant debris with their large claws, and feed under water. The dense 

pubescence on the adults form a plastron that holds enough air for the insect to 

survive under water for long periods of time. Adults prefer lakes, ponds and clear, 
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slow-moving streams and are rare in seasonal streams, or in streams with heavy 

sediment with mud or sandy bottom substrate (Leech and Chandler 1971). 

Recently they have been gaining increasing recognition as indicators of water 

quality in streams (Sinclair 1964, Hilsenhoff 1977). Larvae are mostly aquatic, and 

usually occur in swift moving water, although some have been seen crawling near 

the edge of standing water perhaps searching for pupation sites (Downie and Arnett 

1996). Elmid larvae are usually sedentary, and consume decaying plant matter, 

detritus, and encrusting algae (Stehr 1991). 

The genus Cleptelmis Sanderson consists of 2 species, neither of which had 

previously been reported from the HJA (Parsons et al. 1991). Cleptelmis ornata 

(Schaeffer) was found in pitfall traps in riparian habitat only. This species is 

distributed across northwestern and North Central United States and Canada and 

specimens are frequently collected from fast-moving streams (Brown 1983). 

Two other species captured only in riparian habitat were Narpus concolor 

(Le Conte) and Zaitzevia parvula (Horn). Both species occurs throughout 

northwestern United States and Canada (Downie and Arnett 1996). Zaitzevia 

parvula is common in Pacific Northwest cold-water streams (Hatch 1965). 

Endomychidae 

The Endomychidae live mainly in the tropics, and only a few species are 

found in the temperate zone. The handsome fungus beetles occur under bark, in 

rotting wood, in fungi, and in decaying fruits. Adults and larvae feed on fungi and 
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molds (Borror et al. 1989). These small beetles are often strikingly colored, usually 

red or orange with black markings. There are 19 genera and 42 species in North 

America (Downie and Arnett 1996). 

Two species of Endomychidae were collected in pitfall traps, Stethorhanis 

borealis Blaisdell and Xenomycetes laversi Hatch. Little is known about these 

unusual beetles, and more work is needed to determine their ecological position in 

the forests of the Pacific Northwest. 

Hydrophilidae 

Water scavenger beetles are small, black beetles that occur in aquatic 

habitats. There are 37 genera and 306 species in North American. Air carried in 

hairs on the ventral surface of their bodies allows them to stay under water for long 

periods of time. Adults are scavengers that eat insects, fish, and organic debris. 

Most larvae are predaceous on small fish and aquatic invertebrates. Water 

scavenger beetles are common in ponds and quiet streams. Eggs are laid in silken 

cases and attached to aquatic plants. 

One group of water scavenger beetles is the genus Cercyon Leach, named 

for the famous Attic robber in Theseus Greek legends. There are 41 species of 

Cercyon in North America. Most of the species are small beetles 1.5-3.5 mm in 

length. They are usually found in damp places with rotting vegetation or in dung 

near lakes and streams but a few species occur under kelp on ocean beaches (Hatch 
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1965, Powell and Hogue 1979). Many of the species of Cercyon are native to 

Europe, and species found in North America are probably introduced (Hatch 1965). 

A few specimens of the species Cercyon minusculus (Melsheimer) were 

captured in pitfall traps in riparian habitat. The species has not previously been 

recorded from Oregon but has been collected from British Columbia. An 

introduction from Europe, its presence in pitfall traps in the HJA indicates that the 

species may be spreading throughout the Pacific Northwest (Hatch 1965, Bousquet 

1991). Another species of the genus, C. lateralis (Marsham), appeared in both 

riparian and upslope habitats. It also is another probable introduced species. 

Adults of this species are found in dung. 

Other species of Hydrophilidae introduced from Europe that were collected 

in my traps were Cryptopleurum minutum (Fabricius) and Sphaeridium 

scarabaeoides (Linnaeus). Adults of C. minutum are predaceous and occur in 

dung, compost and grass clippings (Hatch 1965). Sphaeridium scarabaeoides is 

common in cow dung, where the larvae feed on fly maggots (Hatch 1965). 

Although the genus Sphaeridium Fabricius contains 40 species worldwide, only 3, 

all introduced from Europe, have been found in North America. Adults of this 

group are good flyers, and are able to disperse quickly after their introduction to a 

new area (Smetana 1978). 

One indigenous water scavenger beetle, Megasternum posticatum 

(Mannerheim), was also collected. It is common in the Pacific Northwest 

(Hatch 1965) and is known from Alaska to Oregon. 
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Lam pyridae 

Known as lightning bugs or fireflies, these beetles have luminous segments 

in their abdomen containing the chemical luciferin that glows when oxidized. 

While several insects are capable of emitting light, the species of this family are 

unique in that they can flash the light they produce in alternating patterns. The 

patterns are species specific and attract males to females during mating. Some 

species are predaceous and capable of imitating the flash pattern of other species, 

attracting males from other species for food. Adults are found on foliage during the 

day. The predaceous larvae eat small insects and snails and are also luminescent. 

There are 18 genera and 120 species of fireflies in North American. 

The genus Phausis LeConte has 9 species in North America. The 5 species 

that occur in the Pacific Northwest are generally small, dull-colored, black beetles, 

and are usually scarce in collections (Hatch 1962). Phausis skelleyi Fender is 

distributed throughout southwest Washington and northwest Oregon. Little study 

has been devoted to this genus because of the small size of the species and the lack 

of economic importance; however, a key to the species of North America has been 

completed (Fender 1966); 

The genus Ellychnia LeConte has 12 Nearctic species, 7 of which occur in 

the Pacific Northwest (Hatch 1962).. Fender (1970) provided an excellent review of 

the species found in western North America. Most species are predaceous. Larval 

Ellychnia are active at night during the winter and are capable of producing light 

(Powell and Hogue 1979). Ellychnia hatchi Fender is common west of the Cascade 
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Mountains of British Columbia, Washington, Oregon, and northern California, 

especially on the western slopes of the Coast Range. The larvae ofa close relative, 

E. californica, are known to feed on native land snails (Powell and Hogue 1979). 

Larvae of E. hatchi probably have similar habits. 

Latridiidae 

Latridiidae are known as the minute brown scavenger beetles. They are 

very small, reddish brown beetles less than 2.5 mm in length. Most of the 129 

species in North America occur in moldy material and decaying plant debris, but 

some are sometimes found on flowers of Viburnum and huckleberry (Vaccinium 

scoparium Leiberg). Most larvae also feed on mold associated with decaying plant 

materials. 

Four species of Latridiidae were found in pitfall traps. Aridius notifer 

(Westwood) is a common species, found on herbage, in leaf compost, and in 

mammal nests (Hatch 1962). This species occurs throughout the Pacific Northwest 

and also in Europe, from where it was probably introduced (Hatch 1962, Bousquet 

1991). Cartodere constictus (Gyllenhal) is also introduced from Europe (Bousquet 

1991). Adults and larvae of this species are pests that feed on stored grains. 

Two species from the genus Melanophthaima Motschulsky were found. 

The genus contains 30 species indigenous to North America, including 

Melanophthalma americana (Marmerheim) and M villosa (Zimmermann). 

Sweeping vegetation with nets often collects adults of this group. Melanophthalma 
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americana are very small, oval shaped beetles common on vegetation. 

Melanophthalma villosa is found across the northern landscape of the United States 

and is not considered rare (Hatch 1962). 

Leiodidae 

The Leiodidae, known as round fungus beetles, are divided into two main 

groups, those that occur in decaying wood and fungi and under bark, and those that 

occur in carrion. All species in the latter group sometimes occur in large numbers, 

and may have been attracted to insects, snails, and small rodents in the traps. These 

species were removed from the aurnerical analysis because trap bias can influence 

the results of analysis. The species, however, has important functions in the forest 

and therefore is discussed here. 

Leiodidae is a moderately large family of beetles with 33 genera and 270 

species in North America. They are generally small insects with black oval bodies. 

Some species of this family have the ability to roll themselves into little balls and 

are known as pill beetles. One unique species of the group, Glaciacavicola 

bathyscoides Wescott, is known only from Idaho ice caves. 

The most abundant beetle that occurred in my pitfall traps was Catops 

basilaris Say. Adults are very common, and can be found across the United States 

on carrion and fungi. They are also known from gopher burrows (Hatch 1957). 

Species of the genus Catopocerus Motschulsky occur in moss and rotting 

wood, and among leaves, leaf litter, and humus from the forest floor. Catopocerus 
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Monotomidae 

The root-eating beetles are a small family with only 9 North American 

genera containing 54 species. The adults have a short, dense pubescence to which 

dirt often adheres. Some species of this family occur in galleries under bark where 

they eat eggs and larvae of bark beetles. Other species occur in buildings. Little is 

known about this group and much ecological work needs to be done. 

The genus Monotoma Herbst has 15 North American species. Monotoma 

spinicollis Aube is an introduced Palearctic species, and is widely distributed 

throughout Atlantic Islands and Africa. It arrived in Oregon in 1962 and where it 

has become well established (Hatch 1962). 

Mycetophagidae 

The Mycetophagidae or hairy fungus beetles are small beetles living under 

bark, in shelf fungi and in moldy vegetation. Most species feed on fungi as adults 

and larvae. Some species of this group are pests in stored grain (Keen 1938). 

There are 7 Nearctic genera with 28 species. Nine species have been found in the 

Pacific Northwest (Hatch 1962). 

Two species of fungus beetles were collected in pitfall traps, Mycetophagus 

pluriguttatus LeConte and Typhaea stercorea (Linnaeus). Both species are widely 

distributed throughout the Pacific Northwest. Typhaea stercorea is the only 

species of this genus that has been collected in North America, and was probably 
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introduced to North America sometime during the last 200 years (Bousquet 1991). 

Adults of this cosmopolitan species occur in moldy food products and other organic 

materials (Hatch 1962). 

Nitidulidae 

The sap beetles vary in size, shape, and habitat. Most are small, less than 

12 mm, and occur where plant fluids are fermenting. These beetles are common 

under bark of damp, dead stumps. Some of the western species carry diseases like 

oak wilt (Ceratocystis fagacearum) (Dorsey and Leach 1956). Other species 

specialize in habitats like fungi, dried carcasses, or flowers. 

Larvae of this family are nearly all white, flattened and moderately 

elongate. Most are fungivores feeding in decaying fruit, in fermenting juices under 

bark, or in sap from freshly cut trees (Baker 1972). Some larvae are important 

predators of bark beetles (Bousquet 1991). Adults may feed on patches of 

cambium around wounds on living trees and can reduce the quality of wood from 

these logs (Baker 1972). Other species eat pollen and petals from host plants 

(Bousquet 1991). In Virginia, Nitidulidae species are abundant in moist tree 

wounds on fungi- infested trees where they feed on mycelial mats beneath the bark 

of these trees (Dorsey and Leach 1956). 

The genus Carpophilus Stephens contains 34 North American species. 

These small, oblong to ovate beetles feed mostly on flowers and sap but also occur 
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in dry cereals and ripening fruit. The adults act as pollinators and scavengers and 

carry diseases that can be destructive to trees (Hatch 1962). 

The genus Epuraea Erichson has 34 North American species. The small 

robust, oval beetles occur in fungi during the summer months. Species of this 

genus are extremely variable and difficult to identify (Hatch 1962). Larvae of this 

genus bore into wood. Adults are attracted to sap oozing from trees with wounded 

or broken bark (Dorsey and Leach 1956). These beetles introduce plant diseases 

such as Ceratocystis, which causes cankers in poplars, through wounds oozing sap 

(Hinde 1972). 

Three species of Epuraea were collected in pitfall traps. Epuraea 

obtusicollis Reitter is not considered rare, but only 5 were found in pitfall traps 

over two years. Larvae of this species occur under beech bark, in fungi, and in 

dead leaves and humus (Hatch 1962). Epuraea aestiva (Linnaeus) is very common 

on flowers and therefore the single specimen captured in pitfall traps was not 

unexpected. It is probably an introduced species (Hatch 1962, Bousquet 1991). 

The very common species, Epuraea avara (Randall) is found at sap oozing from 

fresh cut timber or on decaying fruit. 

Omosita discoidea Fabricius occurs on dry carrion, bones, and hides, and in 

rotting fungi. This common species is cosmopolitan in distribution, known from 

North America and Europe and may be an introduction to North America 

(Bousquet 1991). 
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Oedemeridae 

The false blister beetles are small to medium sized slender, cylindrical 

beetles with soft elytra. There are over 1500 species around the world, and 86 

species have been found in North America north of Mexico (Arnett 1971). Adults 

usually occur on flowers or foliage near water and feed on pollen and nectar. They 

may be attracted to lights at night. Larvae of some species live in moist, decaying 

wood. One species, Nacerdes melanura (Linneaus), is a pest of economic 

importance that attacks pilings and ship timber. A few introduced species are also 

reported to cause blistering similar to that produced by blister beetles (Bousquet 

1991). 

The genus Ditylus Fischer contains only 3 species in North American. 

Ditylus quadricollis LeConte occurs in the Pacific Northwest from California to 

Alaska and is the most common species of the genus. The robust, brown adults are 

very common under cover around logs in forested areas but also occur on flowers, 

especially near mountain streams (Hatch 1065). Larvae occur in wet, rotting Thuja 

plicata, Pseudotsuga menziesii, and Picea engelmanni. 

Prostomidae 

Closely related to the Cucujidae, the prostomids are often included in that 

family. Little is known about the habitats of adults. Larvae ofsome species can be 

found under bark of fresh cut hardwood logs, and are believed to be predaceous on 
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other insects (Hatch 1962). Prostomis mandibularis (Fabricius) is indigenous to 

North America even though it also occurs in Europe (Hatch 1962). 

Psephenidae 

Beetles of the family Psephenidae are better known as the water penny 

beetles because the aquatic larvae are discoidal and golden-brown, resembling a 

penny. The group was treated as a subfamily of Dryopidae, until established as a 

separate family (Hinton 1939). There are 15 species in 5 genera in North America. 

Adults are somewhat flattened, oval, blackish beetles associated with wet habitats. 

They are found on rocks and foliage near water (Bousquet 1991). Larvae are 

aquatic, preferring well-aerated water protected from silting and erosion. This 

sensitivity to water conditions makes them good bioindicators of water quality 

(Powell and Hogue 1979). Larvae attach themselves under rocks in moving water 

(Stehr 1991). 

The genus Acneus Horn was originally placed in the family Dascillidae 

where it remained until Chandler (1956) moved the genus to the family 

Psephenidae. The most recent keys to the species are those of Fender (1962). The 

type species for this genus is Acneus quadrimaculatus Horn. All 4 species in this 

genus occur in the Pacific Northwest. The species Acneus oregonensis Fender was 

described from specimens collected at Multnomah Falls, Oregon and the specimens 

collected in this study are the first recorded from the HJA. Adults of the closely 

related species, Acneus quadrimaculatus, are terrestrial. Larvae of this species are 
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aquatic, preferring streams with rocky bottom substrate and well-aerated water 

(Leach and Chandler 1956). 

Ptiliidae 

The feather-winged beetles are some of the smallest beetles known. Few 

exceed 1 mm and most are less than 0.5 mm in length. Their wings are almost 

entirely long fringe hairs, feather-like in appearance. Adult Ptiliidae occur in 

rotting wood, dung, and leaf litter, and feed on fungal spores. There are 28 genera 

with 113 species that occur in the Nearctic region. Some species of Ptiliidae are 

parthenogenic (Dybus 1966). 

There are 36 North American species in the genus Acrotrichis Motschulsky, 

10 that occur in the Pacific Northwest. Acrotrichis diffinis (Matthews) are found in 

ground litter, dung, compost, decaying fungi, nests, under carrion and other debris. 

The genus Ptenidium Erickson has 2 species found in the Pacific Northwest 

(Hatch 1957). Ptenidium pusillum (Gyllenhal) is a common species inhabiting 

forest floor litter, compost, and mammal nests. Adults and larvae feed on spores 

and hyphae of fungi found in forested areas (Stehr 1991). 

Pyrochoridae 

The Pyrochoridae are a small family of moderate sized, flattened beetles 

known as the fire-colored beetles. There are 15 species in 4 genera of North 
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American Pyrochoridae. The adults have soft blue or black elytra and brightly 

colored, red or yellow pronota, and may be attracted to fermenting fruit at night. 

They are nocturnal and appear in late spring through midsummer. Little is known 

about their habits. Larvae occur under bark and within decaying wood of dead 

trees and are apparently fungivores (Bousquet 1991). They prefer cool, moist 

conditions and may take several years to develop into adults. 

The genus Dendroides Latreille is represented by 3 species in the Pacific 

Northwest (Hatch 1965). Dendroides ephemaroides (Mannerheim) occur under 

slightly loose bark of decaying trees and logs of alder, maple, and cottonwood 

(Hatch 1965). A western North American species, D. ephemaroides occurs from 

Alaska to California and east to Wyoming (Arnett 1971). 

Rhysodidae 

The wrinkled bark beetles are slender, black to dark brown beetles, 5-8 mm 

in length, with three deep longitudinal grooves on the pronotum. The family 

contains 8 species in North America north of Mexico, only one of which occurs in 

the Pacific Northwest. The taxonomy and morphology of the North American 

species are reviewed by Bell (1985). Recently, Bell and Bell (1978, 1979) included 

this group of beetles in the family Carabidae, however, Lawrence and Newton 

(1995) restored it as a separate family. Most adults and larvae of this group occur 

under the bark of dead trees or in rotting wood (Bousquet 1991). 
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Adults of some species in this family occur in fallen logs, stumps, roots and 

dead limbs of living trees. They eat slime molds and other fungi within the wood. 

The larvae live in short tunnels in rotten wood and also consume fungi (Stehr 

1991). Neither life stage causes economically significant damage to timber. 

The genus Clinidium Kirby was revised by Bell (1970) who also covered 

the ecology of this group. The most recent keys to U.S. species are Bell and Bell 

(1975). Six species occur in the United States and Canada. Clinidium calcaratum 

LeConte has been collected in California, Oregon, and Washington, and British 

Columbia, Canada. This species is the only member of the family that occurs in the 

Pacific Northwest and is not rare in Pacific Northwest forests (Hatch 1953). The 

host of this species is Pseudotsuga menziesii. 

Scarabaeidae 

The scarabs are heavy-bodied oval or elongate beetles with clubbed 

antennae. They vary greatly in size, shape, color and habit. There are about 1400 

North American species and Hatch (1971) listed 136 species in the Pacific 

Northwest. The family can be divided into two main groups, the subfamilies that 

live in dung, carrion, humus and decaying vegetation, and the subfamilies that are 

strictly phytophagous (Hatch 1971). The family contains the world's heaviest 

beetle, the Goliath Beetle, and has interested humans since the Egyptians, who used 

the beetles for charms and predicting the future. 
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Larvae of the phytophagous species feed on roots of their host plants and 

can be pests in lawns and various agricultural crops. Larvae in the other main 

group are mainly saprophagous, feeding on carrion, dung, leaf litter and wood 

(Stehr 1991). These latter species are important nutrient recyclers, increasing soil 

fertility and destroying breeding substrates of livestock pests. 

Three of the species I collected are included in the saprophagous subfamily 

Aphodiinae. This subfamily has 7 genera and about 61 species that occur in the 

Pacific Northwest (Hatch 1971). A key to species with ecological information 

exists (Gordon 1983). Aegialia blanchardi Horn is common on the Pacific Coast, 

found frequently, but not exclusively, on the beach and sand dunes among the roots 

of grasses (Jerath 1960). Aegialia opaca Brown is also common in coastal Oregon 

forest, but also occurs occasionally in the Cascade Mountain Range. Aphodius 

opacus LeConte is a common species whose larvae occur in dung (Jerath 1960). 

The other species of scarabs caught in pitfall traps are in the subfamily 

Melolonthinae. In the Pacific Northwest this group is comprised of 9 genera and 

50 species (Hatch 1971). Dichelonyx backii (Kirby), the green rose chafer, is 

widely distributed from the Rocky Mountains to the Pacific Coast States and 

Provinces. Also known as the pine chafer, this common species feeds on immature 

cones of ponderosa pine (Baker 1972). The genus Dichelonyx Harris has 30 

Nearctic species and was revised in 1945 (Saylor 1945). They are all' small beetles, 

between 6 and 12 mm in length, and are brightly colored (Baker 1972). Adults of 

this genus occur on trees and shrubs in forested areas (Jerath 1960). 
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Scolytidae 

Scolytidae are small, cylindrical beetles rarely over 6-8 mm in length. 

There are two major groups in this family, the bark beetles, those that feed on the 

inner bark of trees, and the ambrosia beetles, those that bore into trees and feed on 

ambrosial forms of a fungus they cultivate (Wood 1982). Species of this family 

can cause serious damage to trees in our forests ( Furniss and Carolin 1977). Most 

adults of this group feed on the phloem tissues of dead and dying trees, but can 

attack stressed but otherwise healthy trees. These beetles also spread the deadly 

blue-stain and brown-stain fungi, which are introduced by adults into trees but 

spread by the larvae as they feed on succulent tissues. Bark beetles have been 

known to fly in synchronized masses, attacking a tree and overwhelming its 

defenses by sheer numbers. Adults respond to chemical cues in the resin of host 

trees (Furniss and Carolin 1977). 

Dendroctonus Erichson has 13 Nearctic species and contains most of the 

species destructive to conifers in North America (Baker 1972). Adults of this 

group are attracted by terpenoid substances released by damaged trees (Emden 

1973). Dendroctonus pseudotsugae Hopkins are small, reddish-brown beetles, 4 to 

7 mm in length. The females bore galleries and attract mates by releasing 

pheromones. They lay egg masses within these galleries, and the larvae develop 

there. They occur in Douglas firs and hemlocks and have sporadic outbreaks 

during which they can kill a large number of commercially valuable trees. These 

beetles damage on average over one-half billion board feet of timber every year 
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(Furniss and Caro lin 1977). Adults prefer stressed or dying trees as hosts and are 

often found in stumps; windfall; broken, injured, or drought-stressed trees. 

The genus Hylastes Erichson has 14 Nearctic species. Adults are mostly 

small, elongate, dull-brown beetles that fly in great numbers, often overwhelming 

the defenses of host trees (Doane et al. 1936). Most species breed at the base of 

dying pine and spruce trees. Adults of this genus are known to kill young conifer 

seedlings by feeding at the base of these young trees (Baker 1972). Hylastes 

nigrinus (Mannerheim) is known as the red root-borer, and feedson phloem of 

dead and dying Douglas fir trees, but is also known to attack species ofPinus, 

Abies, and Tsuga (Hatch 1971). The damage caused by this species is not 

considered economically significant. 

The other major group of Scolytidae are the ambrosia beetles. Adults and 

larvae of this group feed on certain species of fungi. Adult female ambrosia beetles 

have mycetangia where they store spores of fungi. The beetles introduce the fungi 

to their hosts while boring tunnels in which larvae will develop. The fungi are 

adapted to these tunnel habitats and quickly flourish. Hatching ambrosia beetle 

larvae feed on the growing fungi (Giese 1966). An infected tree can be recognized 

by small pinholes that penetrate deep into sap and heartwood (Doane et al. 1936). 

The fungi are fertilized by larval and adult frass, but sap is necessary for growth. 

The fungi stain the wood of their host, lowering the grade of the wood and causing 

considerable economic damage (Doane et al. 1936). 
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The genus Xyleborinus Reitter has 2 North American species, both of which 

occur on the HJA. Xyleborinus saxeseni (Ratzeburg) is common in North America 

and Europe where it attacks conifers and broadleaf trees. Its preferred hosts are 

Pinus ponderosa and Alnus rhombifolia, but it also lives in Tsuga and 

Chamaecyparis species. Adults bore straight into the wood, widening chambers 

within the host trees where eggs and larvae will develop (Giese 1966). Xyleborinus 

saxeseni is associated with the fungus Ambrosiella sulphurea, which is carried in 

the hindgut of females. The fungus is the main food of the larvae. Male 

Xyleborinus saxeseni often do not leave the larval habitat. They remain in the 

chambers to tend the larvae. 

The genus Xyleborus Eichhoff has 15 Nearctic species. Xyleborus dispar 

(Fabricius), the ambrosia beetle, is an introduction from Europe and is knownas 

the European shot hole borer. The adults are dark brown to black and about 

3.5 mm in length. It can be a pest in orchards and forests and lives in a variety of 

deciduous and conifer tree species including Acer saccharinum, Corylus, Malus, 

Prunus, Quercus, and Salix species (Giese 1966). 

Scraptiidae 

There are about 400 species of Scraptiidae around the world, and 13 genera 

and 46 species occur in North America. Adults are often found on flowers, and 

larvae occur in decaying wood or leaf litter (Bousquet 1991). The genus Anapis 
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Geoffroy is comprised of 12 species. Anapis rufa Say is a very common species in 

the Pacific Northwest (Hatch 1965). 

Scvdmaenidae 

The ant-like stone beetles get their name from their strong resemblance to 

ants. There are 200 species of Scydmaenidae in North America north of Mexico. 

Adults and larvae occur under stones and in mosses and leaf litter, and are believed 

to be predators on mites and other small organisms (Stehr 1991). A few species are 

specialists and live in ant and termite nests. Scydmaenidae, Pselaphidae, and 

Ptiliidae are usually all found together, and all are forest groups with low vagility. 

These groups are also almost exclusively nocturnal and, although sometimes 

abundant locally, most species are truly rare (Suter 1966). 

The genus Cephennium Miller and Kunze is comprised of 6 North 

American species. Cephennium clavatum Marsh is known only from Oregon 

(Hatch 1957). Little else is known about these small beetles and much work needs 

to be done to establish their role in Pacific Northwest forests. 

The genus Lophioderus Casey contains 8 North American species. 

Lophioderus arcifer Casey has previously been collected only in California. 

Lophioderus similis Marsh is restricted to Oregon, and has not been reported from 

any other state (Hatch 1957). 

The genus Scydmaenus Latreille has 22 North American species. 

Scydmaenus fuchsi (Brendel) is known from California, Oregon, and Washington. 
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Scydmaenus ovipennis Casey is an uncommon species, found under the bark of 

dead conifer stumps (Hatch 1957). The specimens collected in my study extend the 

range of this species south, previously reported from western Washington and 

southeast British Columbia, Canada (Hatch 1957). Scydmaenus pacificus Casey 

has only been previously recorded from California (Hatch 1957). 

The genus Veraphis Casey is made up of 2 species in the Pacific Northwest. 

Veraphis mirabilis Marsh is also a species not previously recorded in Oregon 

(Hatch 1957). 

Silphidae 

The Carrion Beetles are large, often brightly colored beetles with clubbed 

antennae. There are 8 genera and 31 species in North American. Most adults and 

larvae of this family feed on carrion, decaying animal matter, and some decaying 

fungi. Some members of this group are phytophagus (genus Aclypea Reitter) and 

are considered pests of cultivated crops such as spinach (Bousquet 1991). 

Species of the genus Nicrophorus Fabricius bury carrion by excavating 

beneath the food and causing it to sink in to the ground. They are very strong 

insects, and a pair can move a large, dead rat. During their first few hours of life 

Nicrophorus larvae are fed by regurgitation from adults, and afterwards they feed 

on carrion provided by the adults. Larvae mature in seven days (Leech 1944). 

Frequently there are phoretic mites attached to Nicrophorus adults. These mites 
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move to carrion visited by the Nicrophorus adults and feed on Diptera eggs found 

on the carrion (Powell and Hogue 1979). 

Nicrophorus defodiens Mannerheim carries mites of the genus 

Poechilochrus that feed on Diptera eggs. Often, a female N. defodiens will reject 

food already infested with Diptera larvae, preferring instead uninfested carrion. It 

is believed that N. defodiens larvae cannot successfully compete with Diptera 

larvae. Diptera larvae produce large amounts of ammonia that is very toxic to the 

beetle larvae. The phoretic mites help to control the fly infestation and thereby 

facilitate beetle larval development. Also, by burying the carrion, these beetles 

make the food less accessible to flies (Springett 1968). 

Silvanidae 

The Silvanidae are a small family, represented in North American by only 

12 genera and 24 species. Closely related to the Cucujidae, little information is 

available about this group of unique insects. 

Silvanus Latreille has 5 species, all small, oblong beetles that can be pests in 

stored grains or cereal. A key to the species of this genus also contains some useful 

ecological information (Halstead 1975). Silvanus bidentatus (Fabricius) is known 

as the two-toothed grain beetle because of the prominent teeth on each of the lateral 

margins of the pronotum. This introduced Palearctic species is found under the 

bark of hardwoods and is not considered common in Pacific Northwest forests 

(Hatch 1962, Bousquet 1991). 
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Sphaeritidae 

Species of this family are known as false clown beetles or minute bog 

beetles and just three species are found in North America. Most Sphaeritidae 

species are found in mud and under stones in boggy places, or in rotting fungi or 

dung. Adults of the only Pacific Northwest occurring species, Sphaerites politus 

Mannerheim, feed on sap exuding from live trees (Sther 1991). The larvae are 

predaceous, and occur in carrion, manure, and decaying fungi fromAlaska to 

California. Specimens of this species are not rare (Hatch 1965). 

Staphylinidae 

The Rove Beetles are a very large and diverse group of beetles. This group 

is one of the world's largest families of beetles comprised of over 32,000 species 

worldwide. There are nearly 3,200 species found in North America (Bousquet 

1991, Downie and Arnett 1996). These very common beetles closely resemble 

each other. They are mostly small, black, elongate and slender beetles with 

shortened elytra. 

The larvae and adults occur together on carrion and flowers, in decaying 

vegetable matter, fungi and leaf litter, and under stones and logs. Most species are 

presumed to be predaceous, although some feed on pollen. The family is very 

diverse, and species are abundant in a variety of habitats. Species from this group 
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have the potential to be effective as environmental indicators as Carabidae species 

once their taxonomy is well worked out. 

The subfamily Aleocharinae is one of the Staphylinidae groups whose 

taxonomy is not well studied, and identification of these beetles is difficult even for 

experts. A key to the North American species is available, but species are still 

difficult to identify (Seevers 1978). Specimens that were collected in my pitfall 

traps that belong to this subfamily were identified where possible, but for themost 

part were left unidentified and were deleted from numerical analysis in this study. 

Anotylus Thomson is comprised of 16 North American species. The latest 

revision of this genus of these small, robust beetles includes a key to North 

American species (Hammond 1976). Anotylus tetracarinatus (Block) is another of 

the nonindigenous species that were collected in pitfall traps (Bousquet 1991). 

Anthobium subcostatum Maldin was the most common species of 

Staphylinidae that occurred in my pitfall traps. Adults are often found in 

abundance on carrion (Hatch 1957). Presumably this species is predaceous but 

little else is known about its biology. 

The genus Astenus Dejean is comprised of 24 North American species. One 

of the two species from this group that have been recorded from the FLEA appeared 

in my traps. Astenus longiusculus (Mannerheim) has a broad western North 

American distribution and has been collected from California, north to British 

Columbia, Canada, and east to Nevada. Adults are extremely slender, and are 

predators of small invertebrates. 
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Creophilus Leach is monotypic in North America. Adult and larval 

Creophilus maxillosus (Linnaeus) occur on dead animals. The adults feed on 

carrion, and the larvae feed on the maggots of the carrion flies. They have a 

cosmopolitan distribution and were introduced in North America from Europe 

(Bousquet 1991). 

Hemiquedius Casey is comprised of 18 North American species. 

Hemiquedius fusculus (LeConte) has a transcontinental distribution and occurs 

under debris and leaf litter or in decaying organic matter (Smetana 1971). It 

sometimes occurs in mammal nests or near water but cannot be described as an 

exclusively riparian species. 

Leptacinus Erickson has 3 North American species, and one was captured 

in my traps. Leptacinus batychrus (Gyllenhal) has a Holarctic distribution and may 

be an introduction to the Pacific Northwest (Hatch 1957). 

The genus Medon Stephens is comprised of 52 North American species. 

Medon shastanicus (Casey) was thought to be restricted to California and its 

appearance in my pitfall traps extends the range to Oregon (Hatch 1957). They 

occur in ant colonies and can also be found under the bark of Douglas fir trees 

(Hatch 1957). 

Megarthrus Curtis has 6 North American species, two of which were found 

in my traps. Megarthrus pictus Motschulsky occurs in rotting grass, leaf litter and 

humus, and in mammal nests (Hatch 1957). Little is known about Megarthrus 
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arcuatus Hatch except its species name and western North American distribution 

(Hatch 1957). 

The genus Oxytelus Gravenhorst has 9 North American species, none 

previously reported from the HJA (Parsons et al. 1991). Oxytelus laqueatus 

(Marsham) is an introduction from Europe and is now distributed throughout North 

America. This is a common species in the Pacific Northwest (Hatch 1957). 

Philonthus Curtis is a large genus of rove beetles with more than 110 North 

American species. Most are predators that prefer hunting in decaying, organic 

matter and under stones and boards (Hatch 1957). Species of this genus are 

elongate beetles of moderate size. Philonthus concinnus (Gravenhorst) is a 

Palearctic introduction to North American (Leach 1947). 

Philonthus cruentatus (Gmelin) is also an introduced Palearctic species, 

common in horse and cow dung and carrion where it is a predator. First recorded 

in US in New York by Notham (1924), it is now commonly found in the Pacific 

Northwest (Hatch 1957). Philonthus spiniformis Hatch may be an indigenous 

species of the genus, and is common throughout the Pacific Northwest. Adults and 

larvae live in decaying debris, carrion, and animal dung, and are predators of small 

insects (Hatch 1957). 

Phloeonomus Heer is comprised of 3 North American species. 

Phloeonomus pusillus (Gravenhorst) is an introduction from Europe and occurs in 

Alaska and Colorado and may be new to Oregon (Hatch 1957). Specimens of this 
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species occur under the bark of Douglas fir trees and are predators on other insects 

(Hatch 1957). 

Proteinus Latreille has 10 North American species. Both of the species 

from this genus that have been recorded form the HJA appeared in my traps. 

Proteinus basalis Maklin is usually abundant under carrion and in moss where it is 

a predator (Hatch 1957). Little is known about Proteinus lambatus Malin except 

that it too is a predator that occurs in the Pacific Northwest. 

The genus Psephidonus Gistel contains 12 North American species. These 

beetles frequently occur under stones near water and may be considered riparian in 

habit (Hatch 1957). Only 4 specimens of Psephidonus integer (Casey) were 

captured, however, it is not considered rare in the Pacific Northwest (Hatch 1957). 

My collections extend the range of this species previously known only from 

Washington (Hatch 1957). The range of another species of the genus, Psephidonus 

temporalis (Casey), is also extended to Oregon by my collections. 

The genus Quedius Stephens is a large group with nearly 100 North 

American species. Species of this genus often occur or are restricted to higher 

elevations. Quedius breviceps (Casey) is a western species, occurring in wet 

biotypes in moss, under debris, and in leaf litter, usually near water (Smetana 

1971b). Interestingly, this species also occurs in alpine and subalpine habitats in 

California between 10,000 and 14,000 feet elevation in grass patches and under 

stones in typically dry habitats (Smetana 1971b). Quedius breviceps are predators, 

but little is known about their prey. 
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Quedius prostans Horn is a western, hygrophilous species almost always 

found near water, in wet debris, leaf litter. and moss (Hatch1957, Smetana 1971b). 

Previously collected only in California and British Columbia, my collections are 

the first in Oregon. 

Stenus Latreille is another large group of Staphylinidae, and contains over 

200 North American species. The last revision of the genus was published by 

Casey (1884) and includes a difficult key to species. Species of this genus occur 

abundantly in marshes, wet moss, and along the margins of ponds, lakes, and 

streams (Hatch 1957). Over 157 species of these small, robust beetles have been 

recorded in the Pacific Northwest (Hatch 1957). My traps collected four species of 

Stenus, and all appear to be restricted to the Pacific Northwest (Hatch 1957). 

Stenus subgrisceus Casey is an indigenous species but is similar in appearance to 

an introduced European species (Hatch 1957). 

The genus Tachinus Gravenhorst is one of the largest genera of the 

subfamily Tachyproinae. It contains over 120 species, generally with Holarctic or 

Oriental distributions. There are 44 species that occur in North and Central 

America. Campbell (1973, 1988) recently revised the taxonomy and published 

keys to the species, with descriptions and remarks about their biology. Moderate in 

size, presumably all of these oblong shaped beetles are predators (Campbell 1988). 

Seventeen species of Tachinus occur in the Pacific Northwest and Parsons et al. 

(1991) listed 11 species from the HJA. Identification of the species relies heavily 
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on the characteristics of the eighth abdominal tergites and sternites (Campbell 

1973). 

The small (5-7 mm) black staphylinid, Tachinus crotchi Horn, is one of the 

most abundant species of the group in Pacific states and provinces. Adults are most 

common from March through July, but have been collected as early as February 

and as late as September (Campbell 1973). In my collections, T. crotchi occurred 

most often in the riparian zone (91% of specimens collected) and about 60% of the 

specimens were collected in July 1992. Adults of this species have been collected 

from a variety of habitats, including dung and rotting vegetation and fungi (Boletus 

species) (Campbell 1988). The larvae of this species have been reported fromdung 

(Campbell 1973). 

Tachinus maculicollis Malin is dark reddish-brown and about 5-8 mm in 

length. This species occurs from Sitka, Alaska, south to San Francisco, and is 

active principally from August through October. All specimens from my sampling 

were collected in September in the riparian zone. Campbell (1973) reported that 

the species occurs in rotting fungi and vegetables, and from carrion. Hatch (1957) 

mentions that this species is not rare in the Pacific Northwest. Parsons et al. (1991) 

also described the species as abundant. It was relatively rare, however, in my 

samples, and only 4 specimens were collected in the 6 sampling periods. If it is 

indeed abundant, the adults were not attracted to my pitfall traps or they occur in 

areas far from and not connected to riparian habitats. Campbell (1988) reported 

that this species is uncommon, a comment more consistent with my results. 
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Tachinus debilis Horn is a very small (3-4 mm), narrow, elongate, black 

beetle. Most specimens are collected in the Pacific states from Southern California 

to the Queen Charlotte Islands of British Columbia, Canada. This species 

reportedly only occurs in a narrow zone from the coast to the western slopes of the 

coastal mountains, but populations must occur also in the western Cascade Range 

of Oregon (Campbell 1988). It is most common from April through September, but 

specimens have been collected throughout the year. This species has been 

collected from wet moss and wet leaf litter near small streams, and under the bark 

of fallen trees (Campbell 1973). Specimens of this species were captured in all 

sampling periods during my study and were found most frequently in the riparian 

zone (78% of the specimens). 

Tachinus semirufus Horn is a widely distributed species in the Pacific coast 

states and provinces and does not occur east of the Cascades (Campbell 1988). It is 

recorded from mushrooms and is also common on carrion as a predator 

(Hatchl 957). 

Sometimes treated as a distinct family, Pselaphidae are included here in the 

Staphylinidae (Hatch 1957). Commonly known as the ant-loving beetles, species 

of this group are very small to minute beetles. Most are less than 3.5 mm in length. 

They live under stones and bark and in leaf litter, chiefly in moist habitats, and feed 

on mites, nematodes, Collembola, and other small animals (Bousquet 1991). In ant 

nests, some myrmecophilous species exude a substance from tufts of hair, which is 
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imbibed by ants. More appropriately they should be called the "ant loving them 

beetles" (Stehr 1991). 

Larval Pselaphidae occur in forest floor litter, rotting logs, mosses, tree 

holes, and decaying vegetation, and are largely unknown (Bousquet 1991, Stehr 

1991). Adults are often predators, feeding on mites or other small organisms. 

Some species feed on Collembola, secreting a viscous substance and spinning silk 

from their forelegs with which they capture their prey (Stehr 1991). 

Reichenbachia Leach has 63 North American species. Grigarich and 

Schuster (1967) published a key to the North American species of this group. 

Reichenbachia albionica (Motschulsky) is usually associated with ants in moist 

habitats such as meadows and bogs, but is also fond of riparian habitats (Grigarich 

and Schuster 1967). 

At least 35 of the species of Staphylinidae that appeared in my traps are not 

mentioned in these accounts because so little is known about their biology. It is 

through the efforts of taxonomists such as Campbell and Smetana that the 

taxonomy is as well understood as it is. Much work remains to be completed in 

this diverse group. 

Tenebrionidae 

The darkling beetles are a large and diverse group. It is the fifth largest 

family in North American with over 1200 species, and some of the most important 

pests of stored products are from this group (Bousquet 1991). Many species live in 
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semiarid areas and deserts, but species from the Pacific Northwest are found mostly 

in rotten wood, in fungi, and under logs and stones. One unusual species from the 

genus Eleodes Eschscholtz runs with its head near the ground and the tip of the 

abdomen elevated. When disturbed they emit a reddish-black fluid with a horrible 

odor. 

Most tenebrionids are hard-shelled, slow-moving beetles that are scavengers 

on plant material and bracket fungi. Larvae of many species are long and slender 

with tough, horny skins, and occur under bark and in rotting trees where they are 

presumably scavengers like the adults (Stehr 1991). 

The genus Clamoris Gozis contains only one North American species, 

Clamoris americana (Horn). This species is very common and occurs under bark 

of trees (Hatch 1965). 

The genus Coelocnemis Mannerheim is comprised of 6 North American 

species, including the largest species of the family found in California forests 

(Hatch 1965). Species of this genus breed in rotten timber, and prefer oaks 

(Hatch 1965). Doyen (1973) published a key to North American species. 

Coelocnemis californica Mannerheim is a very common species, known from 

throughout California south to Baja California. 

Helops Fabricius species occur widely throughout the northern hemisphere. There 

are 38 North American species of this genus. Helops edwardsii Horn is considered 

rare in western Washington but common in western Oregon (Hatch 1965). 



206 

Triplehom (1965) developed a key to the North American species of 

Scaphidema Redtenbacher. Scaphidema pictum Horn commonly occurs in sandy 

areas along riverbanks and streams (Hatch 1965). 

Throscidae 

The pseudo click beetles are small, oblong, black or dark brown beetles 

similar to Elateridae (click beetles). They range in size from 1 to 18 mm but most 

are between 2 and 5 mm. Throscidae is a small group with only 3 genera and 27 

species in North America. Adults live on vegetation and flowers, or in leaf litter, 

decaying wood, and moss on the forest floor (Yensen 1975). Larvae occur in 

worm-eaten wood and are probably carnivorous, but their biology is not well 

known. 

Aulonothroscus Horn is comprised of 15 North American species. The 

genus has a spotty distribution in Central America, South America, Africa, 

Southeast Asia as well as North America. Adults of Aulonothroscus validus 

(LeConte) are not rare in our forests and are most frequently found to be associated 

with oaks (Yensen 1975). 

The cosmopolitan genus Trixagus Kugelann contains 7 North American 

species mostly occurring in the middle latitudes. The North American species of 

Trixagus have been extensively revised, and a recently published keyto the North 

American species contains little ecological information (Yensen 1975). Trixagus 

sericeus (LeConte) is a common species (Hatch 1971) restricted to North America, 
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and is most frequently found in Pacific states and provinces. It is the most 

abundant Throsid in its range and indeed was the most common of this family in 

my collections. 

Zopheridae 

Sometimes included in the family Tenebrionidae, Zopheridae is a small 

family of odd shaped beetles, commonly called the iron-clads (Borror et al. 1989). 

They are very hard-bodied, and the elytra of most species have fused together. All 

known species of this group lack hind wings. The family is comprised of about 

125 species and despite the work on the taxonomy of the group, a revision of the 

North American species is needed (Bousquet 1991). Most adults of this group live 

under bark, and the larvae feed on rotten wood or fruiting bodies of fungi. 

Phellopsis obcordata (Kirby) makes large tunnels filled with loose boring 

dust in sapwood in forest trees (Craighead 1950). They are common under bark or 

in fungi on fallen trees. Usechus nucleatus Casey is an uncommon species of this 

family in the Pacific Northwest, and also occurs in fungi (Hatch 1965). 

Species Abundance 

Yearly species turnover averaged about 38% for the 3 yearly sampling 

periods, ranging from 35% during the May sampling periods to 42% during the 

September sampling periods. While a high turnover rate such as this may be 
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equated with a lack of stability in the system, the riparian and adjacent upsiope 

forests along Lookout Creek are probably more stable than their species turnover 

rate, suggests. A large percentage of species (over 60%) were represented by fewer 

than 10 specimens and were considered "rare"(Table 4). When a "rare" species is 

captured its presence is assured, but the absence of captures did not necessarily 

indicate the absence of the species. Capture rates were too low for strong inference 

about many species. 

In an analysis of a reduced data set excluding "rare" species, turnover rate 

averaged only 14%, ranging from 12% during the July sampling periods to 18% 

during the September sampling periods. These turnover rates are still relatively 

high compared to those typically found in insect communities, and may be 

magnified by changing weather patterns (Ricklefs 1973). 

The high turnover rates reflect the year-to-year fluctuation of insect 

populations. Weather has been shown to be a strong influence on insect population 

parameters (e.g. Bodenheimer 1928, Uvarov 1931, Desender 1996). Local 

extinction of a species can be caused by changes in environmental factors, but the 

extinction is often followed by recolonization in subsequent years. Other factors 

like predation and parasitism may also influence local populations, causingextreme 

year-to-year fluctuations. This presents a problem to the natural resource manager 

trying to monitor insects for environmental change. The solution is long-term 

environmental monitoring, evaluating trends and cycles for management 

information and input. 



209 

Several species occurred in only one of the two habitats sampled (Table 5). 

Ninety-seven species were collected only in the riparian habitat and 41 were found 

only in the adjacent upslope habitat. Clear habitat association of particular beetle 

species is consistent with earlier work with beetles (Lindroth 1961-1969, Thiele 

1977, Niemela et al. 1992). Although well known by collectors and otherswho 

work closely with beetles, this type of information is generally unreported and 

lacking from Coleoptera literature (Epstein and Kulman 1990). 

All 41 species found only in upslope habitat were not abundant. Less than 

10 specimens were collected for these species. Eighty-two (84.5%) of the species 

collected only in riparian habitat had less than 10 specimens. Beetle species that 

were not abundant may not be associated exclusively with the habitat in which they 

were collected. These species may be vagrants passing through the habitat, or very 

rare species that by chance were not collected in the other habitat. Only species 

that were abundant in one of the habitats had clear habitat associations. 

Some species were abundant in both habitats (Table 5). These species 

appear to be forest generalists and may be useful to characterize the forests on 

larger landscape scales. Studies of invertebrate use of riparian habitats as dispersal 

corridors have focused on aquatic insect species and butterflies, but these studies 

found that riparian corridors may be used by particular insect species (Munguira 

and Thomas 1992, Sutcliffe and Thomas 1996). 

Different factors influence species distributions (Wiens 1976, Buse 1988, 

Niemela and Halme 1992, Niemela et al. 1992). Habitat associations were 
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probably due to general adaptations to environmental differences found in riparian 

and upslope habitat (Thiele 1977, Niemela et al. 1992). For example, the floral 

composition parameters of a habitat were found to affect carabid species abundance 

(Liebherr and Maher 1979). Increased canopy closure reduces sunlight and favors 

moisture-loving species. Patchy plant distributions create heterogeneous habitat 

and increases microhabitat diversity, and increased plant diversity increases the 

range of potential prey species. Other biotic factors that affect species distribution 

are predation, parasitism, and competition (Parmenter and McMahon 1988, Dunson 

and Travis 1991). Beetles are likely to favor habitat where pressures from 

predation, parasitism and competition are weaker, even if the habitat does not have 

optimal conditions. 

There are gradients of physical factors, quality, food resources and biotic 

interactions of predation and competition in forest soils that affect the distribution 

of soil species. As soil conditions change, animals adapt by migrating to favorable 

moisture, temperature, and other physical factors. (Anderson 1977). For example, 

key factors in the distribution of Collembola on the forest floor are soil and litter 

moisture content (Joose 1981). Litter depth, microclimate, number and size of air 

spaces, spatial arrangement, architectural structure (leaves, twigs, etc.) and quality 

affect litter-inhabiting species (Schaefer 1991). 

The riparian habitat has different microclimates than surrounding 

coniferous forest due to increased humidity, higher transpiration, and greater air 

movement. Abiotic factors are also important determinants of beetle habitat 
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preference. Soil moisture, temperature, and pH, ambient temperature, and the 

frequency of disturbance may strongly influence species distribution and 

abundance (den Boer 1965, Thiele 1977, Epstein and Kalman 1990, Schaefer and 

Shauermann 1990). Ottessen (1996) found that abiotic factors in the environment 

could be more influential than competition. 

Only 10 or fewer specimens were captured for each of the 41 species found 

only in the upslope habitat. On the other hand, 14 of the 121 unique riparian 

species had more than 10 specimens. This would indicate that the species that 

uniquely occurred in the upslope habitat were either very rare or were vagrants 

beyond their natural range. 

Conservation scientists have proposed corridors of connectivity between 

fragmented patches of forest. Diamond (1975) and Wilson and Willis (1975) were 

the first to suggest that habitat fragments connected by corridors of natural 

vegetation may support more species than isolated fragments of the same size. 

Theoretically, corridors would facilitate movement of individuals between 

fragments, thereby decreasing the probability of local extinction due to inbreeding 

depression, and contribute to larger metapopulation persistence by increasing the 

chance of colonization after local extinctions have occurred (Harris 1984, 

Simberloff 1988, Hill 1995). 

The actual role of corridors in moderating the impact of fragmented habitat 

is currently unknown, and there is a need for field-based studies to investigate the 

actual use of corridors (Hobbs 1992, Kirby 1995). The absence of forty-one beetle 



212 

species from the riparian zone in this study is important evidence this habitat is not 

sufficient as a corridor of connectivity between fragmented patches of forest. 

Conservation scientists agree that connected reserve systems would be more 

viable for maintaining biological diversity than disjointed collection of increasingly 

isolated reserves (Harris et al. 1997). This hypothesis was based on a key 

assumption that if interior species occurred in higher numbers in corridors than in 

surrounding habitat, then the potential for dispersal in increased. Corridors may 

serve other conservation goals, such as maintenance of ecological processes such as 

groundwater recharge or runoff filtration; providing critical habitat; facilitating 

daily or seasonal movements or dispersal of keystone species; buffering sensitive 

areas from negative impacts associated with nearby land use or development; and 

allowing range shifts in response to catastrophic or long-range environmental 

change (gustek 1992, Hill 1995, Sutcliffe and Thomas 1996). 

Studies have shown that invertebrates use corridors to move around the 

landscape. Dispersing insects use hedgerows and roadside vegetation as movement 

corridors, and linear strips of rain forest vegetation increased the potential for 

dispersal of some but not all forest insect species (Burel 1991, Munguira and 

Thomas 1992, gustek 1992, DeMers 1993, Vermeulen 1994, Hill 1995). In a study 

of movement of ringlet butterflies between woodland clearings, Sutcliffe and 

Thomas (1996) found that connectivity would be much lower in the absence of 

corridors. But, not all species used the corridors and the authors cautioned that the 

response to fragmentation and the use of corridors may be species specific. 
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Corridors designed for one species may actually be barriers to another 

species (Kirby 1995). Hedgerows, for example, have been shown to restrict the 

movement of some butterfly species, even though they provide good quality 

corridors for other insects (Fry and Main 1993). Another disadvantage of corridors 

is that they act as conduits for invasive species, predators, pests, diseases and other 

disruptive species (Hobbs 1992). Furthermore, they do not enhance the movement 

of sedentary species. Riparian zones may not be effective corridors because these 

areas include the habitats most sensitive to environmental change (Naiman et al. 

1988). Riparian corridors may facilitate the establishment of non-indigenous 

species and provide them with a dendritic network with which they may invade the 

landscape (e.g. Asian gypsy moth). 

The riparian corridor is the heart of the drainage basin, consisting of the 

stream channel and the portion of the terrestrial landscape where vegetation can be 

influenced by elevated water tables or flooding (Naiman et al. 1993). Riparian 

corridors have important functions like having high diversity of plants and animals, 

providing critical habitat for important species, having high productivity, and 

serving as buffer zones to protect hydrological processes (Naiman et al. 1993, 

Schaefer and Brown 1992). 

There has been considerable debate about what makes a successful corridor 

of connectivity. Harris et al. (1997) suggest that sufficiently wide riparian 

corridors would include a gradient of ecosystems from aquatic habitats to wetlands, 

to mesic habitats, and xeric uplands. After studying dragonflies in South Africa, 
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Samways and Steytler (1996) found that a good riparian connecting corridor was 

20 to 30 m wide. Riparian corridors would have to be almost 150 m wide to 

include all the beetle species collected in this study. Because of the dendritic 

pattern of streams through the region, 150 m buffers this wide along every third 

order stream in the Cascades would virtually encompass the entire forest and is not 

a economically practical alternative. 

Corridors are critical components of integrated land conservation plans, and 

the concept of connectivity must be included with other tools of conservation 

planning like buffering core areas and protecting isolated hotspots of biological 

diversity. The connectivity approach is based on the theory that a system of 

interconnected conservation reserves would function as an area greater than the 

sum of the individual reserves (Harris et al. 1997). Even if a reserve is large 

enough to maintain internal patch dynamics and viable populations over a short 

time, climate change or other large-scale environmental changes may make current 

reserves unsuitable for the species they were designed to protect. 

Most species collected had their highest abundance during the May 

sampling periods (Figure 7). This pattern is consistent with other seasonal studies 

of Coleoptera (e.g., Loreau 1985, Goulet 1974, Carter 1980, Niemela et al. 1992). 

Variation in soil moisture was found to be an important influence of beetle 

distribution on the forest patch scale (den Boer 1965, Thiele 1977, Epstein and 

Kulman 1990). The difference in soil moisture between riparian and adjacent 

upslope habitat is greater during the summer and early fall (Adams et al. 1991). 
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Rare Species 

A majority of the species were not abundant, an expected condition in 

biologically diverse communities. One hundred and sixty-two species had ten or 

fewer specimens and 129 had five or fewer specimens (Table 4). Rare species may 

be those that are truly rare in the habitat. Rarity may be a strategy to minimize 

predation. Other species may be limited to specific microhabitats or are not mobile 

enough to encounter pitfall traps. Rare species may require specific collecting 

techniques to measure their true abundance in the environment. On the other hand, 

non-abundant species may be those occurring temporarily or accidentally as 

migrating or vagrant species (Desender 1996). Many forest-dwelling arthropods 

are wide-ranging species, and stragglers may be found in habitats where they 

perform no ecological function and where they are not able to reproduce 

(Niemela 1997). This suggests that we need to know more about the ecological 

needs of species in order to fully understand their distribution. 

Three factors influence the impact a species has in a community: 

abundance, ecosystem interconnectedness, and persistence (Mills et al. 1993, 

Brown 1995). Since abundant species tend to be generalists, with more biotic 

interactions, and tend to persist longer in the community, their impact in an 

ecosystem is large (Futuyama and Moreno 1988). Rarity tends to be inversely 

correlated with ecosystem interconnectedness. There is evidence that many rare 

species, because they are trophically or otherwise specialized, have less influence 

in ecosystems than abundant species, although some non-abundant species have 
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large impacts (Power and Mills 1995). Rare species are more ephemeral and 

participate less in biotic interactions. therefore their contribution to community 

"coordinated stasis" is diminished (McKinney et al. 1996). 

Abundant species' populations are more resilient; therefore they react more 

slowly to fine-scale ecosystem changes than populations of tightly interconnected 

rare species. It takes widespread and intensive catastrophic disturbances to 

eliminate abundant species (McKinney et al. 1996). Conversely, rare species are 

vulnerable and sensitive to disturbances and often indicate unusual ecological 

conditions. Therefore, monitoring of fine scale changes in the environment may be 

best detected by monitoring species other than abundant species. (Ratcliffe 1977). 

The questions to be answered by monitoring determine whether monitoring 

should focus on rare or abundant species. Focusing on rarity can detract attention 

from conservation's principal goals, i.e., maintaining communities of organisms 

most typical or representative of a particular habitat (Dony and Denholm 1985). 

The aim of conservation of biological diversity is to conserve a variety of habitats 

at the landscape level and promote forest management practices that sustain 

important ecosystem attributes at the forest and stand scale. Therefore, monitoring 

has tended to focus on "keystone species". 

"A keystone species is a one whose impacts on its community or ecosystem 

are much larger than would be expected from its abundance" 

(Power and Mills 1995). The effective disappearance of a keystone species from a 

system, results (directly or indirectly) in the virtual disappearance of several other 
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species (Soule and Kohn 1989). It would be best to monitor those species that have 

low biomass or numeric abundance but high biotic impact with tight ecological 

interactions with other species. In order to identify these species we need detailed 

ecological information of a wide range of species. 

Unfortunately, most species in a community are rare, and these species pose 

a problem to ecologists studying or managing for biological diversity. Inferences 

obtained from monitoring data must take into account the characteristics of rare 

species measured. While there is little evidence that rare species have strong 

biological impacts (Morse et al. 1988, Gaston 1994, Power and Mills 1995), the 

protection of all species is important because of the stability they may bring to an 

ecosystem. 

The presence of rare species is important when considering the redundancy 

in the biological composition of an ecosystem and biological diversity. While 

some species may be ecologically extinct, no longer interacting with other species, 

they may become more important under different environmental conditions. Food 

webs change as the physical environment changes, and the loss of rare species may 

lead to loss of stability of the ecosystem (Estes et al. 1989, Gaston 1994). 

Sampling rare species poses special problems to ecosystem research. Rare 

species have a patchy (less uniform) distribution in time and space. Determining 

whether a rare species is present requires a huge effort, and can often be 

accomplished only by an exhaustive search. The absence of a rare species in 

samples from a habitat does not necessarily mean the species is not in the habitat. 
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But, if certain information about the species is known from baseline studies, the 

number of samples needed to detect the species can be calculated (McArdle 1990). 

Different criteria have been used to define a "rare species" in arthropod 

studies. Rarity of species has been based on a percentage of their occurrence in the 

total sampling. For example, Spence et al. (1996) called species rare when their 

abundance was less than 0.2 % of the total catch. Faith and Norris (1989) defined 

rare species as those that occurred in less than 0.5% of the total sample. Weaver 

(1995) and Gauch (1982) recommended using 5% of the total community capture 

as the criteria for rarity. Others have defined rarity using different abundance 

measures. Bushnell et al. (1987) and Basset and Kitching (1991) defined a rare 

species as one for which only one specimen was collected during an entire field 

season. Goeden and Ricker (1986) called a species rare when it occurred in only 

one of 28 sites sampled. 

Rare species are handled differently, depending on the purpose of the study. 

In the context of conservation, rare species need to be given extra consideration and 

are usually included in diversity analyses. In the context of community 

differentiation, rare species add little to the analysis and are usually removed from 

multivariate and other statistical analyses (Gauch 1982, Pianka 1986). 

There are several reasons for eliminating rare species from statistical 

analysis. First, the occurrences of rare species are usually due more to chance than 

some underlying ecological condition. Deleting rare species removes very little 

information from the data set. Second, sampling artifacts may influence an 
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analysis. Because they may be outliers and not important components of the 

communities, eliminating rare species from the multivariate analysis results in less 

distortion and a decrease in the noise, masking underlying patterns (Gaston 1994). 

Nevertheless, Pianka (1986) recommends that careful consideration be given before 

eliminating species from any analysis because they exist and they may influence 

other species. Third, by not including them in the multivariate statistical analysis a 

community, field time is saved by not collecting rare species. An added benefit of 

collecting fewer specimens of rare species is that fewer of these rare individuals are 

removed from the community. 

Much thought was put into how rare species were defined and used in this 

study. Rare species were ultimately defined as those whose total abundance was 

less than five individuals (about 0.02% of the total catch after exclusion of 

necrophages). Rare species were included in functional group analysis and 

diversity calculations because they did occur in the habitats and may be important 

to the structure and stability of the community. However, rare species were 

eliminated from multivariate analysis in order to reduce the influence of rare and 

vagrant species on dissimilarity matrices (Dufrene and Legendre 1997). 

Non-indigenous Species 

Non-indigenous species are those species that occur outside of their natural 

range. Accidentally introduced foreign pest species arrive in the US at the rate of 

about 11 new species per year. Seven of these are likely to be serious pests with 
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economic impact (Sailer 1983). There is already a large reservoir of foreign 

arthropods that are potentially dangerous for American agriculture. It has been 

estimated that over 2000 arthropods of foreign origin are established in the 

continental US (U.S. Congress 1993). Sailer (1983) estimated that the list may 

eventually reach over 4000 species after a thorough search of the literature. 

Many insect introductions are regarded as beneficial (i.e., honeybees, 

biological control agents), but some are feared as potentially dangerous 

(i.e., gypsy moths, etc.). Alien species may change the ecosystem attributes of 

entire landscapes by modifying ecological interactions (U.S. Congress 1993). The 

populations of some introduced species have reached destructive numbers and 

caused serious economic damage to natural and agricultural areas (Sailer 1983). 

Most of the insects that are considered serious pests are introduced species (U.S. 

Congress 1993). 

Invasive, non-indigenous species present a significant challenge to 

environmental resource managers, through the loss of biological diversity and 

habitat integrity (Center et al. 1995). Non-indigenous species represent a major 

threat to the integrity of natural systems because they can alter nutrient regimes, 

develop monocultures, and drive native species to extinction (Ruesink et al. 1995). 

Alien species that successfully establish populations may out compete and exclude 

native species. The challenge for natural area managers is to develop methods to 

assess changes in forest communities due to biological invasions and to control 

them. Baseline information about the current insect community is important in the 
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face of potentially damaging invasive species. Knowing what was there before is 

as important as knowing what is let}. 

Purposely or accidentally introduced arthropod species in the Pacific 

Northwest have generally not been considered in conservation and environmental 

efforts (Lattin 1994). It has been assumed that non-indigenous species pose no 

threat to mature forests, but evidence indicates even undisturbed forests can be 

invaded and changed by alien arthropod species, such as the gypsy moth. The 

gypsy moth was introduced from Europe in 1866 and became widely distributed 

throughout New England, causing severe damage to forest trees and changing the 

forest structure. Currently, introduced adelgids are causing serious economic 

damage in Pacific Northwest forests. The presence of invasive, non-indigenous 

species in conservation areas should be an important consideration in the 

management of these areas. 

About 17% (35) of the 210 identified beetle species collected during this 

study are non-indigenous species (Table 6). This is greater than the 4% (39 of 824) 

of HJA beetle species known to be non-indigenous. Hatch (1953) speculated that 

5% of the total Pacific Northwest Coleoptera fauna was composed of alien species. 

Only 1.5% (55 of 3552) of all HJA invertebrate species are known to be non-

indigenous and 71% (39 of 55) are beetles. Sailer (1983) reported that 22% 

(372 of 1683) of non-indigenous insect species in the continental United States are 

Coleoptera, and in Hawaii, about 32% of the arthropod species are non-indigenous 
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(Eldridge and Miller 1995). Non-indigenous species accounted for about 12% 

(936) of the total individuals captured in traps. 

There are two principle factors that may account for the higher than 

expected proportion of non-indigenous species in this study. First, pitfall traps 

were used to sample the communities. Pitfall traps capture only active insects, 

those walking on the ground. One characteristic of successfully established, non-

indigenous species is a high rate of dispersion. Alien arthropods are very mobile 

and therefore more likely to encounter open pitfall traps. 

Second, the riparian zone is frequently disturbed by seasonal flooding and 

drought. Furthermore, exotic species make up 30 % of the 851 plant species along 

the Lookout Creek, McKenzie and Willamette River areas studied by Planty-

Tabacchi et al. (1996). Invasibility of a habitat has been related to disturbance and 

presence of suitable hosts, as well as community species richness, poorly adapted 

native species, and the presence of empty niches. (Elton 1958, Sculthorpe 1967, 

Mitchell 1974, Harper 1977, Sousa 1984, Ewel 1986, Johnstone 1986). 

Disturbed habitats are staging areas for exotic species from which they may 

invade the surrounding landscape (Lindroth 1957, Center et al. 1995). Riparian 

zones are continuously disturbed naturally by seasonal flooding and are usually 

sensitive to invasion (Crawley 1987, Sauer 1988, Planty-Tabacchi 1993). Streams 

and rivers represent a connected, dendritic network throughout landscapes that 

facilitate the spread of non-indigenous species (Planty-Tabacchi 1993, DeFerrari 

and Naiman 1994). The spread of non-indigenous species may be facilitated by 
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their ability to survive and move in riparian habitats. Changes in populations of 

alien species should be rigorously monitored and impacts on native ecosystems 

carefully evaluated. 

Thirteen of the twenty-one non-indigenous species are predators that have a 

potential to exclude native insects from Pacific Northwest habitats. These species 

include Actium barri, Amara cupreolata, Anotylus tetracarinatus, Cercyon 

minusculum, Cryptopleurum minutum, Harpalus opacipennis, Oreodytes rivalis, 

Oxytelus laqueatus, Philonthus concinnus, P. cruentatus, Scydmaenus ovipennis, 

Sphaeridium scarabaeoides, and Stenus jejunus (Hatch 1953). Eight others are 

herbivores, three of which are already serious agricultural pests. The weevils, 

Otiorhynchus ovatus, 0. rugosostriatus, and 0. sulcatus, feed on native plants and 

trees. Otiorhynchus ovatus and 0. rugosostriatus eat the roots of plants in the 

family Saxifragaceae and can eliminate them from an area (Furniss and Carolin 

1977). Otiorhynchus sulcatus diet includes Taxus, Tsuga, and Rhododendron. 

Adults and juveniles of this beetle can weaken the trees sufficiently to make them 

susceptible to attack by other insects or pathogens (Furniss and Carolin 1977, 

Lattin 1998). 

In a review of 10 review papers dealing with non-indigenous species, 

Simberloff (1981) found that in most of the instances (678 of 854), these species 

had no effect on the resident species community structure. Only 71 of the 854 total 

introduced species investigated caused the extinction of a native species from the 

invaded community and 90% of those extinctions occurred on small oceanic 
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islands. Only 20% of the native species were extirpated because of habitat 

destruction by the introduced species. 

We now know that at least 17% of the Coleoptera species that are captured 

by pitfall traps are non-indigenous. If the ratios remain consistent with those 

reported by Simberloff (1981), there is a chance that at least one of the 28 non-

indigenous beetle species that occur along Lookout Creek will displace a native 

species or cause habitat changes. 

The lack of available funds for natural resource conservation make it 

important to be able to identify which species may cause problems and which 

species are benign. There are two categories of non-indigenous arthropods of 

potential danger. One is a relatively small group of species known or suspected of 

being potentially dangerous pests. Another is a larger group of species that are 

even more dangerous because there are no records of their economic destructive 

potential (Sailer 1983). Data about the latter group are lacking. Studies of natural 

history have provided natural resource managers with the information necessary to 

anticipate problem species, but funding for these types of studies has declined. 

Support for systematic and taxonomic research will become important to 

conservation as natural areas decrease in size, and transport of species around the 

world increases. 

Conservation of natural areas may also depend on our ability to control and 

eradicate non-indigenous species. Luken (1997) recommended that natural 

resource managers should develop methods to eliminate existing populations of 
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non-indigenous species and limit the introduction of non-indigenous species by 

making natural areas more resistant to invading species. Maintaining natural 

biological diversity is one method of preserving natural resistance to the 

establishment of non-indigenous species. 

Assessing and maintaining biological diversity begins with long-term 

monitoring of biological communities. Long-term monitoring provides information 

about critical points of species entry and the types of human activity most 

conducive to import and establishment of exotic species, and it discovers initial 

populations of pest species for eradication. Monitoring information is also useful 

identifying communities where non-indigenous species are a problem and where 

they are harmless. 

Discriminating habitats based strictly on the species that occur is a complex, 

time-consuming task. Species-by-species analyses have been done in classical 

studies and have contributed greatly to the pool of knowledge about species habitat 

preferences, interactions, and ecosystem functions (e.g., van der Drift 1951). The 

information has also been of value as baseline conditions for future comparisons. 

However, studies of this type require time and effort that today's natural resource 

manager does not have available. Several analytical techniques have been devised 

to accelerate the description process and facilitate site comparisons. 
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Rarefaction 

Rarefaction was used to estimate the number of species in random subsets 

of beetle captures to better compare the number of species present in habitats 

(Krebs 1989, Pimentel 1993b). Rarefaction is used to estimate the number of 

species present in a community with a standardized number of individuals collected 

(Simberloff 1978a). Rarefaction gives information about the absolute number of 

species in a random sample of the habitat, but it is a weak statistical tool for 

characterizing differences between habitats. Two samples may have a similar 

number of species associated with the same number of individuals collected, but 

the species may be very different and hence the samples obviously from two 

different communities. 

In standardized samples, more species were expected to occur in the 

riparian community (Table 7). This result is consistent with actual number of 

observed species and is consistent with the results from species curves (Figure 15). 

Diversity Analysis 

There is an incredible diversity of life on this planet that should not be taken 

for granted, but rather cataloged and preserved (Wilson 1987). About 1.4 million 

species have been described. Almost one million are invertebrates and three 

quarters of these are insects (Parker 1982, Arnett 1985). It has been estimated that 

the actual number of insect species is between 5 and 30 million (Erwin 1983). 
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While there may be considerable redundancy in nature, the abundance of 

diversity is probably important in maintaining the many processes on which all life 

depends. Throughout geologic history events like glaciation, comet impacts, 

volcanic eruptions, and other geologic events have visited terrible destruction on 

ecosystems and led to the extinction of many species. After each event, biological 

diversity recovered during a period in which species evolved and life diversified. 

Humans evolved as an integral part of life on the earth and developed the 

means to influence their environment. With the expansion of human populations 

and activities, habitats have been disrupted and destroyed. Forests were burned and 

removed to make room for agriculture, animals have been displaced and 

overexploited for food, and industrial manufacturing has polluted rivers, soil, and 

the atmosphere. Our effect on the diversity of life has been recognized and now 

there is concern about the impact human disturbance is having on earth's 

ecosystems (Erhlich 1986, Scott et al. 1987, Wilson and Peter 1988, Mannion 1991, 

Peters 1992, Martin 1996). 

The importance of biological diversity comes from the fact that the world as 

we know it depends on self-sustaining biological systems that include many kinds 

of organisms. Each of the species performs a function that allows the system to 

perpetuate. Knowledge of the biological diversity of these systems is required to 

understand the natural world and the natural and artificial changes occurring. 

Conservation of biological diversity is more than maintaining a species list on a 

plot of ground; rather, it. is ensuring that each of these species continues to play its 
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unique function in the ecosystem. The maintenance of ecologically significant 

biological diversity requires that we safeguara ecosystem health and integrity 

(Woodley et al. 1993). 

There are several components to biological diversity. At the species level, 

diversity is represented by the genetic variability within a population. For example, 

the carabid beetle, Pterostichus lama, varies from 18 to 23 mm in length in the 

Pacific Northwest (Hatch 1953). Genetic diversity gives a species the ability to 

survive in a variable habitat and respond to environmental change. The beetle 

mentioned above can respond to shifts in prey size because it also varies in size. 

Smaller individuals may be more adept at catching smaller prey, while larger 

individuals may be able handle larger prey (Thiele 1977, Lindroth 1961-1969). 

On another scale, biological diversity is defined by the number of species 

per unit area. This diversity is usually described in terms of species richness of 

communities. Some communities are composed of hundreds of species while 

others have just a few. These conditions may exist naturally or be the result of 

human disturbance. Species in .a community may have overlapping functional 

roles, which add stability to the environmental unit (Begon et al. 1990). Trophic 

diversity depicts how many functional guilds exist in a community (i.e., primary 

producers, primary consumers. predators, etc.) and reflects the complexity of the 

ecological system (Primack 1993). 

At the landscape scale, biological diversity is seen as a mosaic of ecological 

communities within a geographic area responding to topographic and other 
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environmental variability. Physical diversity is important because it is the diversity 

within the landscape that allows the diverse species to occur, and contributes to the 

maintenance of the conditional stability at the landscape level (Forman and Godron 

1986). Topographic variability creates areas where water accumulates, providing 

habitat for hydrophilous species. At the same time this variation also creates 

upland dry habitat for xeric communities. 

Patterns of biological diversity have become a template against which 

anthropogenic effects have been measured (New 1993). In a review of analytical 

methods for evaluating the value of a site for conservation, Margules and Usher 

(1981) found that diversity and rarity of species were the most popular measured 

ecosystem attributes. Diversity indices are popular because they have a much 

broader meaning than simple species richness and incorporate information about 

the relative abundances of species as well. However, species diversity measures 

are sensitive to several factors and are sometimes difficult to interpret. Further, 

high diversity does not insure high ecological value and protection of high diversity 

sites does not guarantee effective conservation of rare or endemic species or their 

habitats (Prendergast et al. 1993, Dunn 1994). 

Indices of diversity have been used in the study of a vast array of 

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 microarthropod communities. Since then soil 
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biologists have included arthropod diversity descriptions in their studies. However, 

while Coleoptera diversity has been well recorded from boreal forests 

(e.g., Niemeld et al., 1986, 1987. 1988, 1992. 1993, 1994, 1996, Niemela and 

Halme 1992, Spence et al. 1996) there has been little work published on the 

diversity of beetle communities from the western Cascades in Oregon. 

The simplest measure of diversity is species richness, the number obtained 

by sampling a habitat and counting all species observed. While species counts may 

be adequate for studying some patterns of diversity, several problems exist with the 

measure. First, the number of species obtained in a study is dependent on sample 

size. Frequently, species are not captured and rare species are often missed. A 

complete list of soil arthropods in a habitat may be obtained only after repeated 

sampling because each sample contains only some of the species present. Species 

not abundant or susceptible to the sampling method may be missing from the 

census. It is difficult to know when all species have been counted. 

Another problem with species richness as a measure of diversity is that 

vagrants or other species that rely on immigration for continued existence in the 

habitat are included in the count. Data must be interpreted with care. Species 

counts also lack information about species abundance. A habitat which includes 

100 individuals of one species and only one each of three other species is certainly 

less diverse than one in which all four species are equally abundant. Methods that 

incorporate information about species number and abundance make better measures 

of habitat diversity. 
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Ever since Fisher et al. (1943) proposed the diversity index a, ecologists 

have devised new and more complicated indices of biological diversity. 

Southwood (1978) noted that with every new trap design, a new diversity measure 

was invented. Diversity indices incorporate information about species richness, the 

number of species, evenness, and the relative abundance of species, and because of 

this, Peet (1974) called these heterogeneity indices. These indices have been 

thoroughly reviewed and discussed elsewhere (e.g., MacArthur 1965, Hurlbert 

1971, Southwood 1978, Magurran 1988, Ludwig and Reynolds 1988, Krebs 1989). 

One statistical program calculates 17 different diversity indices, each with its own 

application and interpretation (Pimentel 1993b). 

Choosing which of the indices to use is a matter of function, utility and 

comparability to other similar studies. Three diversity indices were selected for 

calculation in this study, Simpson's inverse, Shannon-Weiner, and Brillouin. The 

selection criteria for the indices were ability to discriminate between habitats, 

comparability to other similar studies, ease of interpretation, and recommendations 

made in reviews of diversity indices. 

Shannon's index (H') is a measure of the degree of uncertainty in predicting ;, 

to which species an individual chosen at random from a collection of S species and 

N individuals will belong (Ludwig and Reynolds 1988). The equation for 

calculating Shannon's index is: 

E (pi Inp i) 
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Where S is the number of species and p, is the proportional abundance of the it' 

species. When H' is at its minimum, F11--0, only one species is in the sample. 

When H' is at its maximum, all species are represented by the same number of 

The index is useful when discriminating between habitats (Taylor 1978, 

Kempton 1979). However, Shannon's index is particularly sensitive to the number 

of species in the sample and is therefore sensitive to rare species (Peet 1974). It is 

one of the most commonly used diversity indices, and therefore, comparison to 

other studies is facilitated (Magurran 1988). However, because it lacks direct 

biological interpretation, it has not been highly recommended for use (Hill 1973a, 

Goodman 1975, Southwood 1978). 

Except in the September 1992 sampling period, riparian Shannon-Wiener 

diversity was greater than upslope diversity (Figure 16). The average difference 

was 0.46 and represented about 9% of the riparian diversity. This is small and 

probably due to the sensitivity of the index to rare species. While the riparian 

community had more species, a higher percentage of the species were in low 

abundance (rare) in the upslope community. 

Simpson (1949) proposed the index as: 

Where S is the number of species and p, is the proportional abundance of the it' 

species. Simpson's index ranges from 0 to 1 and gives the probability that two 
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individuals drawn at random from a population belong to the same species (Ludwig 

and Reynolds 1988). If the index is high, then diversity is low. To facilitate 

interpretation as a diversity measure it was proposed that Simpson's index be 

modified to 1 -?. (Krebs 1989). It is this form reported in this study. 

Simpson's index also appears in the literature as 1/X. (Williams 1964, 

MacArthur 1972). In this form Simpson's index is interpreted as the number of 

equally abundant species required to generate the observed heterogeneity of the 

sample. 

Simpson's index is sensitive to changes in the abundance of common 

species. It has been recommended for use in ecological studies and is commonly 

found in ecological literature (Peet, 1974, May 1975, Alatalo and Alatalo 1977, 

Routledge 1979, Ludwig and Reynolds 1988, Krebs, 1989). 

Simpson's Diversity Index calculated for the riparian community varied 

relative to the upslope diversity (Figure 17). Both communities had a high 

Simpson's Diversity Index value and therefore both would be considered highly 

diverse communities (Krebs 1989). The average difference between the two 

communities was 0.0116 and represented about 1% of the riparian average 

diversity. I conclude from this that there is little difference in diversity between the 

two communities. That is not to imply that the two communities cannot be 

differentiated. 
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The Brillouin index was developed to use all the information in the sample 

as if it was the entire known population to calculate diversity (Pielou 1969, 1975). 

The Brillouin index is calculated as: 

ln(N!)- iln(n,!) 
HB = 

N 

Where N is the total number of individuals in the sample, the abundance of the ith 

species and S the total number of species in the sample. The Brillouin index is 

sensitive to rare species and can give misleading inference due to its dependence on 

sample size (Magurran 1988). However, it is strongly recommended for diversity 

estimates on non-random samples (Pielou 1969, 1975). This index has historically 

not been used frequently in ecological studies because without computers it was 

difficult to calculate. 

Both communities had high Brillouin Diversity values (Figure 18). While 

the two communities were not much different from each other, riparian Brillouin 

diversity was consistently greater than upslope diversity. This may have been 

caused by the high number of rare species in the samples. As discussed above, rare 

species may be vagrants passing through a habitat or may be species that normally 

occur in very low numbers in a habitat. Because pitfall traps have a bias for active 

individuals, the higher diversity found in riparian habitat may result from more 

active individuals in a more open and disturbed habitat. 

More species were collected in the riparian habitat than in the adjacent 

upslope habitat (Figure 15). Higher species richness in the riparian is consistent 
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with earlier work (Thiele 1977. Odum 1978, Spence 1990, Gregory et al. 1991, 

Niemela et al. 1992, Nilsson 1992, Hancock et al. 1996, Planty-Tabacchi et al. 

1996). Higher beetle species richness is related to higher plant diversity, greater 

prey availability, a larger diversity of microhabitat, and the degree of stability or 

frequency of disturbance in the habitat (Liebherr and Mahar 1979, Schaefer and 

Schauermann 1990, Scarbrook and Townsend 1993, Niemela et al. 1992). 

More rare species occurred in riparian habitat than in adjacent upslope 

habitat. Observations of plant and vertebrate populations confirm that riparian 

habitats are often used by species as corridors for movement and dispersal and as 

such, more vagrant species are expected to be present (Meeham et al. 1977, 

Gregory et al. 1991, Beschta 1991). The high number of beetle species at low 

abundance collected from riparian habitat in this study appears to confirm that this 

relationship is true for beetle species as well. These results are consistent with 

studies of Palaearctic boreal forests. The number of rare species is usually found to 

be higher in open, disturbed habitats (Niemela et al. 1987, Niemela and Hahne 

1992, Niemela et al. 1992). 

The upslope habitat had a higher proportion of rare species than did riparian 

habitat (75% vs. 62%). The counts of individuals for species were generally lower 

in upslope than in riparian habitat. This may have been a sampling artifact of 

pitfall traps, or may indicate resistance to movement in upslope habitat. On the 

other hand, the high proportion of rare species in upslope forests may reflect actual 

conditions. Undisturbed Pacific Northwest forests are generally species rich and 
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contain many rare species, some not yet discovered by science (Schowalter 1989, 

Parsons et al. 1991, Franklin 1993, Fenger 1996). Forests adjacent to riparian 

habitat appear to contain rare species that do not occur in the riparian habitat. This 

information must be considered when determining the width of riparian buffer 

zones if they are to be used as corridors of connectivity. 

Forest diversity is often less than diversity in open habitats (Thiele 1977, 

Liebherr and Mahar 1979, Spence 1990, Niemela et al. 1992). Nieme1a et al. 

(1992) found that the riparian carabid community in a boreal mixed-wood forest in 

central Alberta was about 68% more diverse that the adjacent upslope community. 

Carabid diversity in HJA riparian was also higher than adjacent upslope forest 

diversity, but only by about 14%. 

Higher riparian species diversity found by Niemeld et al. (1992) was 

primarily due to more spatially variable riparian environment and a wider variety of 

riparian herbaceous and microfloral food resources. Plant diversity was higher in 

HJA riparian habitat than in adjacent upslope habitat and might explain beetle 

diversity differences (Campbell and Franklin 1979, Swanson et al. 1982). 

Furthermore, higher riparian beetle diversity may be explained because of the 

elongate shape of the habitat, maximizing edge effects with surrounding forest and 

water ecosystems. 

Catches in pitfall traps record the activity of beetles. The more active the 

organism, the more likely it is to fall into a trap (Greenslade 1964, Luff 1975, Adis 

1979, Baars 1979, Spence and Niemela 1994). High beetle activity is commonly 
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associated with reproduction (Goulet 1974, Thiele 1977, Carter 1980, Loreau 

1994). Niemela et al. (1992) suggested that many carabid species emerge from 

pupation in late summer or early fall and locate sites for over-wintering. Adults 

leave hibernation in the spring and are very active while searching for mates. 

Data from this study suggest that adult riparian beetles leave over-wintering 

sites in the spring, but that upslope adults do not emerge from over-wintering until 

summer. This pattern of activity may reflect temperature and movement resistance 

differences between the two habitats. Riparian habitat is disturbed or under water 

during much of the winter and early spring, while snow covers a great deal of the 

adjacent upslope habitat. As water levels recede, activity in the riparian habitat 

begins a new cycle. Mating adults, hunting predators and scavengers emerge to 

take advantage of newly opened habitat. Meanwhile, in colder upslope habitat, 

activity is more slowly released from the confines of snow cover. Even though 

most of the upslope snow melted by May, temperatures did not reach those of 

adjacent riparian habitat until mid-Summer. 

While the riparian habitat generally had higher diversity, indices were 

variable and discrimination between riparian and upslope habitats using beetle 

diversity was not successful. Monitoring long-term changes in community 

diversity via diversity indices may be satisfactory for large-scale environmental 

change and has been recommended as a useful method (e.g., Cooperrider et al. 

1986, Peters and Lovejoy 1992, Marshall et al. 1994). Fine-scale habitat 
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differences were difficult to detect because important information about species 

composition was not included in diversity index calculations. 

All diversity indices are based on random sampling from the population of 

interest. However, samples are not always taken at random. Pitfall traps, for 

example, have a bias for active species. This bias may account for the small 

differences in diversity between communities. 

Biological diversity was useful, however, in characterizing HJA riparian 

and adjacent upslope habitats for comparison to sites studied elsewhere. Shannon's 

index of diversity is popular and has been used in many invertebrate studies. 

Comparisons were possible to these studies although sites were not equivalent. 

Shannon's diversity index for Carabidae captured in riparian and adjacent upslope 

habitat was 3.322 and 2.918, respectively. Niemela et al. (1992) found carabid 

diversity (H') in riparian and upslope habitat in boreal mixed-wood forests in 

central Alberta to be 2.32 and 1.38 respectively. In a similar study of carabids in 

riverine habitats in Alberta, carabid diversity (H') was 2.06 in rural areas. Higher 

beetle diversity in HJA riparian habitat compared to higher latitudes follows the 

general pattern of increasing diversity towards the equator (Erwin 1982, 

Gaston 1991). 

Multivariate Analysis 

Multivariate statistical methods were used to determine if the riparian beetle 

assemblage differed from that found in adjacent upslope undisturbed forest. As 
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shown by ordination via Principal Coordinate Analysis (ORD), the riparian beetle 

assemblage differed from the assemblage in adjacent upslope undisturbed forest. 

Distinct groups of sampling units were formed for riparian and upslope habitats 

from ORD analysis (Figure 19). The differences were more distinct during May 

and July sampling periods and less distinct during the September sampling periods 

(Figures 20-25). 

The patterns of variation within a sampling period were consistent with 

continuous change along some gradient. This gradient was most likely moisture 

but may have had components of elevation, aspect, solar radiation, slope, substrate 

and other abiotic and biotic factors. It is not to be expected that a particular species 

be found exclusively in any one habitat (Thiele 1956). However, species 

abundance can change gradually along a gradient (Thiele 1964, 1967, 1977). 

Multivariate statistical methods successfully discriminated between riparian 

and undisturbed upslope beetle assemblages (Figure 26). Classification, via 

Multigroup Discriminate Analysis (MDA), correctly identified 89.7% (210) of the 

234 sampling units included in the analysis as the habitat group into which they 

were assigned, a priori (Table 10). 

One of the sampling units was of particular interest. Originally designated 

as an upslope unit, sampling unit 3a was consistently misclassified into the riparian 

group. At the time of site establishment, sampling unit 3a appeared to be in 

upslope undisturbed forest. The site was about 40 m from Lookout Creek. When 

traps were inspected prior to sampling in May 1993, the site appeared to have been 
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flooded during the winter months. Traps contained water, and grasses and herbs on 

the site were flattened as if swept by water. Closer inspection of the surrounding 

area revealed a stream channel not previously visible. Although the stream channel 

contained no running or standing water at that time, it is possible that it did contain 

water during the wet winter months. Multivariate analysis correctly classified this 

unit as riparian even though the location and plant community appeared to be 

undisturbed upslope habitat. This gives some evidence that winter flooding may 

influence habitat for beetle assemblages. 

One half of the misclassifications occurred during the two September 

sampling periods. This was reflective of the less distinct habitat groupings on the 

ordination plots for those 2 sampling periods compared to the other 4 sampling 

periods (Figures 20-25). The riparian beetle assemblage became more "upslope-

like" as sampling progressed from spring to fall (Figure 33). This evidence 

suggests that some upslope species may be moving into riparian habitats as the 

adjacent upslope forests become drier, or as the riparian habitat becomes drier. 

MDA expressed the magnitude of the differences between the two 

assemblages seasonally. Generalized distances were used as a quantitative measure 

of the degree of resemblance among groups and were expressed in standard 

deviation units (sdu). Groups are often considered different when they are more 

than 3 standard deviations apart in "generalized space" (Pimentel 1993a). The 

average generalized distance between riparian and undisturbed upslope beetle 

assemblages was 3.2885 standard deviations, enough to be considered 2 distinct 
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groups (Table 12). Average generalized distances were larger in the May and July 

sampling periods (3.3995 and 3.909 sdu respectively) than those measured for 

September sampling periods (2.548 sdu). 

Changing environmental conditions may have been responsible for riparian 

beetle assemblages becoming more "upslope-like". Beetles that occurred upslope 

appeared to move into riparian habitats as abiotic and biotic conditions changed 

upslope. Beetle habitat preference and occurrence is influenced by environmental 

conditions. Abiotic factors like moisture, humidity, solar radiation, and 

temperature are more likely to influence beetle species distributions than biotic 

factors like competition, parasitism, and predation (Anderson 1971, Thiele 1977). 

Moisture has been called the most important factor in determining the 

distribution of carabid beetles (den Boer 1963, Thiele 1977). Sensitivity to 

dehydration can cause differing patterns of carabid species' distributions even 

among congeners (Thiele 1977). Studies of carabid beetles in Europe have found 

evidence that moisture-loving species will move into otherwise unsuitable habitat 

because of changes in soil-moisture content in preferred habitat (Fuchs 1969 in 

Thiele 1977). Drying conditions intensify during the summer in Pacific Northwest 

forests and reach an extreme in September (Waring and Franklin 1979). Migrating 

beetles may be following moisture gradients down-slope into riparian habitats as 

conditions become dry. 

Other abiotic conditions can also cause beetle species' movements. 

Temperature, light, substrate, soil pH and chemical composition have been shown 
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to influence beetle distribution. Temperature has been called one of the most 

important influences on beetle species' distributions after moisture (Lindroth 1961-

1969, Thiele 1977). Beetle species that can tolerate and live within a wide range of 

temperatures are called eurythermic. Species that survive in a very narrow 

temperature range are called stenothermic. Experiments have shown that 

stenothermic species will move as conditions become intolerable (Thiele 1977, 

Lindroth 1961-1969). 

Communities can be thought of as distinct units with constituent 

populations associated with each other. Obvious differences between groups of 

plants with differing dominant vegetation has led many ecologists to think of 

communities as distinct units. For example, the Tsuga heterophylla zone of the 

western Cascade Range of Oregon and Washington appears to contain identical 

species of plants and animals wherever hemlock occurs (Franklin and Dyrness 

1984). While larger communities such as this one may exist at the landscape scale, 

community differences at the habitat scale may reflect the occurrence of species 

along environmental gradients. 

Whittaker (1956) has shown that plant species occur along environmental 

gradients independently of other species. The distribution of tree species along an 

elevation gradient in the Great Smoky Mountains of Tennessee showed no distinct 

community associations even though major vegetation zones were distinguished on 

the basis of dominant plants. The distributions of insect species in the same area 

were also independent of each other (Whittaker 1952). 
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These studies, however, occurred along geographically continuous
	

gradients. Sharp environmental boundaries can occur in nature and result in abrupt 

community boundaries. For example, a steep cliff may divide a wet riparian habitat 

from adjacent upslope dry forest habitats and one would expect distinct community 

species composition differences. In the absence of geographic discontinuities, 

insect populations may be largely influenced by environmental gradients. The 

beetle population distribution patterns observed along Lookout Creek during the 

1992-1994 sampling appeared to respond to moisture or other environmental 

gradients. 

The multivariate statistical methods applied in this study were useful in 

discovering the structure and patterns of beetle species' distributions along 

gradients and as distinct communities. These methods provided more information 

about community differences and species distributions than could be obtained from 

analysis of biological diversity indices. Additionally, multivariate methods 

facilitated a more useful comprehension of the data than a species-by-species 

analysis. 

The usefulness of multivariate methods extends to the design of new studies 

and developing sampling protocols for monitoring programs. Patterns of seasonal 

changes in the magnitude of community differences may influence decisions about 

optimal sampling dates for specific questions of interest. The best time for 

monitoring biological diversity may be during the spring and early summer, when 

differences between riparian and adjacent upslope communities are largest and 
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diversity is highest. Exposing patterns, like the influence of gradients on beetle 

species distributions, can raise questions that lead to more detailed investigations 

into cause and effect and other correlative models. With further refinement of the 

sampling methodology, multivariate statistical methods may be applied to the 

delineation of riparian reserves. 

Inventory and Monitoring 

The information presented above adds to the understanding of the natural 

history of the beetles collected and contributes valuable input to the design of 

inventory and monitoring systems for forest management. The use of the 

information obtained from this study can be best understood in the context of a 

discussion of monitoring in natural areas. 

Conservation of natural areas is complicated by habitat fragmentation, 

invasion of alien species, development near area boundaries, commercial and 

recreational use, and other disturbances. In order to protect natural ecological 

systems, resource managers need scientifically detailed and reliable information 

about the species within their management jurisdictions. Specifically, managers 

must know what species occur in the natural areas, what are the impacts of 

management decisions to those species, and how do the populations of species 

change over time. Without valid information, land managers can neither protect 

and maintain resources nor can they restore damaged ecosystems (Halvorson and 

Davis 1996, Halvorson 1997). 
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Inventory and monitoring of wildlife habitats has become an essential 

component of natural resource management. The data obtained through properly 

designed inventory and monitoring programs provides inference about the impacts 

or changes in natural areas due to management strategies. Natural resource 

inventory is the process of collecting and analyzing static information about 

biogeographical areas and their biotic components. However, nature is dynamic, 

not static, and needs to be managed accordingly (Halvorson 1997). Monitoring 

presents a long-term view of natural systems and supplies information necessary 

for adaptive management. 

Research scientists have recognized the need for long-term studies in 

predicting changes in the functional processes of forest systems. Subtle, complex, 

or gradual forest processes manifest themselves only after decades or centuries and 

may not be noticed in a 2 or 3 year study. However, random or catastrophic events 

limit interpretation of changing processes because of the lack of baseline data. 

There is little baseline information for assessing long-term faunal changes that are 

certain to accompany forest management activities (Warren and Key 1991, 

Niemela et al. 1993, Niemela et al. 1994, Niemela 1997). Baseline information can 

obtained through properly designed resource inventory and monitoring programs. 

Natural resource management needs to be an iterative process of inventory, 

monitoring, and management action on a continuous basis (e.g., Holling 1978, 

Walters 1986, Grumbine 1994, Montgomery et al. 1995, Ringold et al. 1996, 

Halvorson 1997). Understanding of the system and its dynamics is gained by 
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invoking management actions based on some baseline information and monitoring 

the effects. As knowledge accumulates, management strategies are adjusted and 

management becomes more effective. This is the basis of new forestry practices 

and adaptive management (Swanson and Franklin 1992). If we change the way we 

manage our natural ecosystems (forests, rangelands, aquatic systems) how will we 

know if the new management is actually conserving biodiversity? The answer lies 

with monitoring. 

While monitoring generally does not yield evidence of cause-and-effect 

relationships, it does provide information on trends and changes. And, monitoring 

serves as a feedback mechanism to promote better integration of conservation and 

development. Kreman et al. (1994) called integration of conservation and 

development the strongest strategy for maintaining biological diversity. 

Monitoring long-term population changes has been mandated to be included as an 

integral component of conservation-oriented research and management in much of 

the Pacific Northwest (USDA 1974). 

Planning of long-term monitoring in Pacific Northwest forests is a complex 

undertaking because the environment is an intricate web of inter-relationships and 

dependencies. Monitoring change in these natural areas is complicated by habitat 

fragmentation, invasion of alien species, development near area boundaries, 

commercial use, recreational use, and natural disturbances. Natural resource 

managers need scientifically detailed and reliable information about species within 
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their management jurisdictions, about the impacts of management decisions to 

those species, and about changes in populations of those species over time. 

The difficulties in planning for complex, multi-resource monitoring are 

mitigated by employing a step-by-step planning process. I suggest the following 

seven-step process, as described below, for planning of long-term monitoring: 

1. Prepare clear statements of the questions of interest. 

2. Design the sampling systems 

3. Develop sampling protocols for data collection 

4. Organize the data management systems 

5. Plan the analysis and interpretation systems 

6. Formulate a reporting system 

7. Establish a monitoring sustainability plan 

Each of these seven steps must be undertaken and completed to develop a 

successful monitoring plan. Furthermore, the steps must be undertaken in a 

comprehensive manner. Planning decisions made in any one stage affect decisions 

at all the other stages. 

The first step in developing a monitoring plan requires clearly defined 

questions of interest. Key questions are those with answers that can be efficiently 

estimated and that yield the information necessary for management decision-

making. Monitoring programs depend upon identifying the important issues and 

concerns, and reducing general problems to questions of specific, measurable 
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attributes. It is essential that much effort be spent identifying the key monitoring 

questions. They must be well-considered and carefully elucidated. 

General monitoring goals are essential for planning. However, monitoring 

programs require explicit testable hypotheses in order to differentiate indicator 

responses to natural environmental fluctuations and responses to anthropogenic 

activities. Several general goals for monitoring in Pacific Northwest forests appear 

in the Record of Decision (USDA 1994a). 

One monitoring goal is to accurately assess the current plant, wildlife, and 

other natural resource inventories for planning and allocation. Accurate inventories 

provide baseline information about existing biological diversity, which species may 

be sensitive to management practices and which vary naturally, and where species 

occur. The information obtained from inventories may be used to formulate 

hypotheses about natural and anthropogenically caused change. 

Another general goal is to measure the impact of restoration or management 

practices on the biota. To achieve this goal, specific hypotheses about how 

biological diversity changes over time and how it relates to forest management may 

be tested. Biological diversity information may provide inferences about the 

interactions between management practices and biological diversity across differing 

scales. 

Some forest managers may wish to know if the loss of stand-level 

biological diversity is compensated for at the landscape level. Others may have 

specific questions about the disruption of ecological processes and the resulting 
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effects on forest aesthetic quality in recreational areas, and the quantity of current 

or potentially obtainable products from natural resources. 

A third general goal for forest monitoring is to measure and quantify natural 

change and impacts of climate change on forest resources. Specific hypotheses 

may have to do with the ratio of introduced and native species in disturbed and 

undisturbed habitats. Other specific information of interest may be about the role 

of functional groups and how the relative abundance of groups changes over time. 

Information may be sought about the special relationships between components of 

biological diversity and species distributions in relation to changing environments. 

Ecological responses are often complex and difficult to measure accurately. 

Indicators are often used because they are easier to measure, and because not all 

species in a region or habitat can be directly observed and counted. Practical 

evaluation sometimes must depend on surrogate information (Faith and Walker 

1996). Living organisms accumulate records in their tissues, thereby concentrating 

the changes and amplifying weak signals and are therefore good indicators of 

environmental conditions. Sampling pollen from bees of Puget Sound, for 

example, gave a better overall measurement of several environmental pollutants 

then did expensive chemical monitoring (Bromenshenk et al. 1985). 

Monitoring planning must include defining the indicators that will be 

measured. Indicators may be specific species, groups of species (taxonomic and 

functional), or diversity indices. Indicator species as representatives of biological 

diversity has been proposed as a more satisfactory conservation criterion (Webb 
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1989, Cousins 1991). Complicated formulae have been developed for identifying 

indicator species (e.g., Dufrene and Legendre 1997). While these formulae may be 

useful in specific applications, surrogate species may represent the environmental 

condition more thoroughly and need no complicated calculations. 

Monitoring of invertebrate species gives fine scale measures of changes in 

forest processes. (Franklin 1990, Lattin 1994). Invertebrates make good indicators 

for a variety of reasons (Schmid and Matthies 1994, Freitag et al. 1973, Pearson 

and Cassola 1992, Niemela et al. 1993). Their small size, high rate of reproduction, 

short life span, diversity, and sensitivity to environmental variability make them 

good indicators of habitat heterogeneity, ecosystem biodiversity and environmental 

stress (Brown 1991, Hafernik 1992, Oliver 1993, Kremen 1994). Changes in the 

condition of a forest are often reflected in the mix of arthropod species in that forest 

(Niemela. 1997, Rutanen 1994). 

The use of multi-species invertebrate assemblages as indicators of 

environmental conditions has been demonstrated numerous times (e.g., Ruzicka 

and Bohac 1991, Pearson and Cassola 1992, Nelson and Andersen 1994, Weaver 

1994, Daily and Ehrlich 1995, Samways and Steytler 1996). The presence and 

abundance of invertebrate species have become the standard basis of water quality 

analysis (Plafkin et al. 1989, Klemm et al. 1990, Anldey et al. 1993, Hayslip 1993, 

Rosenberg and Resh 1993, Hicks and Larson 1997, Merritt 1999). 

Invertebrate surveys are rarely funded sufficiently to include the sampling 

and identification of all taxa in an area, and therefore, surrogate taxa are often 
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employed for environmental assessment (Oliver and Beattie 1996b). Butterflies 

have been proposed as indicators of environmental health because they are 

conspicuous and easy to identify in the field (Brown 1991, Kremen 1992, Sparrow 

et al. 1994, Beccaloni and Gaston 1995) and as invertebrate surrogates in terrestrial 

biological diversity studies (Murphy and Wilcox 1986, Brown 1991, Sutton and 

Collins 1991, Kremen et al. 1994). However, Prendergast et al. (1993) concluded 

that butterflies do not make good surrogate taxa because their distribution does not 

always reflect the distribution of other taxa. This may result when vagile adults not 

necessarily associated with the same habitats or plants where immature stages are 

found (Pollard and Yates 1993). Furthermore, quantification of adult butterfly 

populations is difficult. Beetles have been shown to be better surrogate species, 

and standardized methods have been developed to measure adult populations 

(Spence and Niemela 1994, Oliver and Beattie 1996b). 

Beetles are one group of invertebrates that has been suggested as indicator 

species for environmental assessment (e.g., Ruzicka and Bohac 1993, Luff 1996, 

Eyre et al. 1996, Rykken et al. 1997). Beetle species-richness has been found to be 

correlated with the site richness of other invertebrate families (Oliver and Beattie 

1996b, Niemela 1997). Beetles are easy to collect with standardized methods and 

the taxonomy of some groups is generally well known (Hatch 1954-1971, Downie 

and Arnett 1994). It is important that species can be identified from specimens 

collected. While analysis based on morphospecies may provide similar results to 
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analyses based on real identifications, the real structure of a community cannot be 

identified from morphospecies alone (di Castri et al. 1992, Curnutt et al. 1994). 

There is a high number of beetle species in forested habitats and it has been 

proposed that certain families of beetles whose taxonomy and microhabitat 

preferences are well known would be better indicators, but forest communities were 

less clearly discriminated using species from only a few families. (Thiele 1977). 

The approach of using several taxa to estimate or monitor community species 

richness is probably better than one limited in the taxa used (Greenslade and New 

1991, di Castri et al. 1992, Curnutt et al. 1994). 

Some have suggested that indicators must be screened rigorously and 

quantitatively before they can be used as meaningful surrogates for the response of 

interest (Murtaugh 1996). This is a good practice when management decisions 

have an impact on a critically endangered species or ecosystem, but may not be 

cost effective in the course of general environmental change from management 

practices. Deciding on key questions of interest and focusing monitoring efforts to 

answer those questions is a much better approach. 

The second step is to design the sampling systems. It is expected that many 

quantifiable questions of interest will be elucidated in the first stage. Each key 

question must then be evaluated for utility and efficiency. Proposed questions of 

interest must be prioritized based on the projected costs to collect the data and the 

projected value of the knowledge to be gained. The effort expended to answer each 

question must lead to useful gains in knowledge and remain within budgetary and 
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logistical constraints. Some questions are simply too expensive to answer 

efficiently. Some questions cannot be answered without controlled 

experimentation. Designed experiments, based on expected operational activities, 

should be incorporated into the sampling system where ever possible. 

Expertise in statistics, biometrics, and cost/benefit analysis are required for 

sampling system design. Some of the design techniques that should be applied are 

power analysis, cost allocation analysis, sampling structure determinations, sample 

size determinations, scale evaluations, randomization, replication, blocking, and 

covariate determinations. Schedules of sampling efforts must also be developed. 

Monitoring is the investigation of change over time, so timing of sampling is an 

essential element in sampling system design. 

Another consideration in sampling system design is the type of sampling 

unit. The decision to use permanent plots, transects, or points selected at random is 

largely driven by the questions of interest. Each type of sampling unit must be 

considered and applied where appropriate. Sampling must be repeated at frequent 

enough intervals to define the period and amplitude of natural cycles. 

The third step is to develop the data collection system(s). Sampling 

protocols are necessary to standardize data collection. Data gathered in the future 

must be comparable to data gathered today in order to statistically detect significant 

environmental changes. Protocols should include specific methods to be used for 

every habitat and each animal or plant type, descriptions of the tools necessary for 

data collection, and randomization schemes for determining trap placement, plant 
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selection, or measurement device location. Protocols should be field-tested to 

assure feasibility and efficiency. Field data collection crews should then be trained 

and tested in the use of the sampling protocols. 

The fourth step is the preparation of a data management plan. The data 

collected in each sampling exercise must be checked for errors and corrected. Data 

sets must be entered into a database for easy access and retrieval. The database 

must be properly archived to be useful many years in the future. Monitoring 

requires comparisons of attributes over sometimes-lengthy periods of time. It is 

important to recognize that data sets are expensive to obtain, and hence have 

significant monetary value. Not only will the archived data contribute information 

for future management decisions, they will also provide information potentially 

useful for forest management elsewhere in the world. 

The fifth step in constructing a monitoring plan is the development of an 

analysis and interpretation plan. Statistical analysis and scientific interpretation are 

necessary to produce logical inferences and new knowledge from monitoring data. 

The sampling design and the statistical structure of the data must be accounted for 

in the analysis plan. Techniques of exploratory data analysis (EDA), graphics, 

statistical distribution tests, data transformations, and modeling should be 

developed in the plan. Much of the inference gained through monitoring will be 

evaluated by means of mathematical models. Such models include time trend 

analysis, survival analysis, growth and mortality models, and population change 

models. The appropriate model forms should be specified in the planning process. 
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Failure to specify analytical forms could cause gaps and inefficiencies in sampling 

design and data collection. Prior planning for analysis will help ensure 

completeness and timeliness of the sampling and prevent wasteful effort. 

The sixth step is the development of a plan for the reporting the results. 

The new knowledge acquired through monitoring should be communicated to 

responsible resource managers and interested agencies for use in making 

management decisions. Charts, tables, and maps may be the immediate products of 

analysis but do not stand alone. Reports should be carefully planned and clearly 

written with consideration of the intended audience and the appropriate application 

of the findings. The reports should clearly explain the results of data analysis and 

the implications to natural resource management. Monitoring reports need to be 

produced on time and updated on a regular schedule. 

The seventh step is development of a monitoring sustainability plan. 

Institutional commitment must be developed to secure annual budgetary planning 

for future monitoring efforts. Monitoring happens in the context of time. 

Environmental changes, and trends in those changes, are often detected only after 

several years of data collection. Resource managers must consider the monitoring 

program as an integrated part of their overall management plan., and as a permanent 

fixture in future budgets. Involving other stakeholders, universities, local 

environmental groups, and concerned citizens will help to build community 

commitment to the management program. Planning for sustainability and 

commitment is a necessary element in all long-term environmental monitoring. 
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In summary, monitoring of ecosystems and natural resources in Pacific 

Northwest forests should be comprehensive; cost-effective; statistically designed; 

executed with analytical integrity; presented to decision makers by way of 

meaningful reports, charts, and maps; and updated regularly over many decades. 

Consideration and application of the seven steps will improve efficiency and 

effectiveness of knowledge acquisition and guarantee managers, regulators, 

scientists, and citizens useful information on which rational management decisions 

may be based. Conscientious planning and implementation of a properly designed 

monitoring plan will provide natural resource managers with the necessary 

prerequisites for continued good stewardship of their properties. 

In general, temperate and boreal forest ecosystems are poorly protected in 

conservation reserves and are under continued pressure to be used primarily for 

wood production (Norton 1996a). Anthropogenic disturbance impacts important 

forest species and can have negative consequences for sustainability (Perry et al. 

1989). We must pay attention to these important species if biological diversity 

conservation is to have the desired result of conserving ecosystems 

(Franklin 1993). 

Insects and fungi are the two life forms that occur in greatest profusion in 

association with timber. The future of this wealth of biological diversity is one of 

the most urgent conservation problems (Franklin 1993). The issue is not simply 

saving a few rare species of insects; it is the conservation of a major component of 

the forest ecosystem. 
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Invertebrates are rarely considered in conservation studies (Franklin 1993, 

Kim 1993, Kreman et al. 1993, Miller 1993, Loreau 1994). Although invertebrate 

research traditionally attracts very little conservation funding compared to 

vertebrate conservation, invertebrates play more subtle and significant ecological 

roles and are better indicators of environmental change (New 1993). 

Impediments to invertebrate research are 1) taxonomic knowledge is 

limited, with a high proportion of the species undescribed, 2) diversity is great and 

species distribution patterns are unclear, 3) details of the ecological roles of species 

are largely unknown and often extrapolated from information gained from studies 

of a relatively small proportion of known species, and 4) the limits of conservation 

funding make it unlikely that sufficient funds will be available to satisfy the needs 

of complete invertebrate conservation (New 1993). 

Several species of beetles are common in post-rotation age forests with no 

history of harvest, but are scarce or absent in regenerating stands up to 27 years 

after harvest (Spence et al. 1996). Large, very old trees support a specialized beetle 

fauna, including bark-living forms requiring deep crevices. There are some beetle 

species that are associated only with wood-detritus from very old trees (Stubbs 

1972). Lattin (1993b) suggested that arthropod species are likely to benefit from 

the protection of forests for spotted owls. It is also likely that the spotted owl and 

the forests in which it lives would benefit from the monitoring of these same 

arthropods, which may reflect fine-scale changes in the environment. 
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Conclusions 

A study of the magnitude of the present work is an arduous undertaking for 

anyone. Several weeks were spent planning the study, designing the sampling 

procedures, and deciding on appropriate sampling protocols. Several more weeks 

were spent in the field establishing sampling sites, installing pitfall traps, and 

collecting the samples. Processing the samples required several months of hard 

work in the laboratory, picking insects from slime-filled samples in antifreeze, and 

sorting and counting morphospecies. Several more months were spent identifying 

the beetle species. Analysis of the information also required several months of 

decision-making and number crunching to acquire the results. The reader can 

estimate the amount of time required to write this dissertation from its length. 

During the nine years this project has been in progress, I have made several 

observations that may be helpful to future researchers in the field of invertebrate 

ecology. Some of the observations I have made as a result ofmy analysis of the 

results in this study, while others have come to me during my work in natural 

resource conservation activities. There were several options for collecting and 

processing samples, and analyzing the data. I have tried to discuss most of these 

issues in the preceding chapters, however, there are a few issues that I will revisit 

here. 
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Pitfall Traps 

Pitfall traps have been used extensively to study beetles and other ground-

dwelling invertebrates, as well as many small vertebrate species. Thetraps are very 

effective at collecting large numbers of insects, especially beetles. The use of 

pitfall traps and the problems associated with their use in studies of invertebrates 

have been thoroughly discussed in the literature, most recently by Spence and 

Niemala (1994). The problems largely center on trap bias for large, active species 

and the exclusion of small, inactive species. Pitfall trap captures may not 

accurately reflect densities. However, they do provide, however, a good measure 

species activity. Trap bias is important issue that must be considered before pitfall 

traps are used to collect data. 

I have already discussed the influence of resistance to species movement on 

trap captures differences in riparian and adjacent upslope habitats. Habitat-specific 

resistance to movement of the target species may influence trap capture rates. In 

comparative studies, resistance may explain habitat trap-capture differences, 

however, in many studies resistance is often considered equivalent or, more 

frequently, ignored. Users of pitfall traps must be aware of differences in 

movement resistance, and consider this and other trap bias in the conclusions they 

reach. Placed in their proper perspective, data collected with pitfall traps will 

continue to be useful and meaningful. 

From a pragmatic standpoint, pitfall traps offer a simple, and standardized 

method for collecting ground-dwelling invertebrates. Often, no other method of 
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data collection can realistically be applied. Alternatives such as meter-square 

quadrat sampling are sometimes impractical, or inappropriate for species of 

interest, such as those that hide during daylight hours. In spite of all of their faults, 

pitfall traps are useful to gather the data necessary to answer certain questions of 

interest, and will continue to be used for the study of insects. 

I would like to insert a word of caution on the indiscriminant use of pitfall 

traps. Data collected during this study indicated that some local decline of species 

is possible when pitfall traps are used. I have personal experience with other 

studies that have resulted in inconclusive, but strongly suggestive evidence, that 

pitfall traps may cause large-scale decline in sensitive species. I recommend that 

researchers use preliminary studies with a few traps to establish the identity of the 

species that may be captured in a larger trapping effort. The rarity or sensitivity of 

those species should be considered before large-scale trapping is begun. Where 

possible, live traps should be used when populations of sensitive species can 

potentially be impacted. 

Another sampling issue associated with pitfall traps and their impact on 

insect populations is that of permanent and random sampling over time. The use of 

permanent sampling sites increases the chance of negative impacts to local 

populations. Sites should be moved whenever possible, or several trapping sites 

established, and only some proportion of them used at any one time, in order to 

allow local populations to recover from trapping efforts. 
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My final word on pitfall traps is some advice on how many traps are needed 

at sampling sites to accurately measure the populations of interest. From a purely 

statistical view, the sampling unit is the sample site, not the traps themselves, and 

more than one trap per site is redundant. However, more than one trap per site may 

be necessary depending on several factors. Site characteristics, habitat 

heterogeneity, the target population, and the scale of the investigation and the 

resources of the project may influence the number of traps per site. 

In this study I placed 3 traps at each sampling site and pooled the 

information. Setting or collecting samples required about 30-45 minutes for each 

group of 3 traps. The pooled data collected from these 3 traps were sufficient to 

allow meaningful analysis. Others, however, have used up to 12 or more traps per 

site in habitats similar to the habitats I sampled. Preliminary studies will provide 

the investigator with the information needed to determine the appropriate number 

of traps. In the interest of efficiency, and conservation, this number should be 

minimized. 

Sample Processing 

Processing samples was a time consuming and sometimes messy task. 

Samples had to be washed, cleaned, sorted, and counted. Specimens were mounted 

and sorted again for identification. A typical sample from a single pitfall trap 

required about 10 minutes of washing, and about 30-45 minutes for cleaning, 

sorting; counting. Mounting representative species from the average sample 
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required an additional 30-60 minutes. This is a total of 70-115 minutes per sample. 

The samples from each sampling date required about 27 8-hour days to process and 

prepare for identification. Another 3 months was necessary to identify the more 

than 230 species from mounted specimens. Scientists and principal investigators 

should be aware of the time required for sample processing before they begin new 

studies in which pitfall traps are used for arthropod sampling. Budgeting resources 

is always very important to the success of a project. 

I include this information so that others may have an estimate of the time 

required per sample and so that they can consider seriously how many samples they 

should collect in their own studies. 

Sorting was done by comparing cleaned specimens to mounted specimens 

in a synoptic collection of morpho-species. This served to decrease the amount of 

time spent mounting duplicate specimens of the same species. After all sorting and 

counting was complete, the morpho-species in the synoptic collection were then 

identified to species. This was an inefficient protocol and probably led to several 

misidentifications. Instead, all specimens should have been mounted, labeled, and 

sorted after cleaning. The identification of each specimen could then be reviewed 

and verified. This is necessary because differences between species are sometimes 

subtle, and not obvious during a coarse morpho-species sort. 
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Statistical Analysis 

Several methods for statistical analysis are appropriate for the type of data 

collected in pitfall traps. Count data usually have a Poisson distribution, and one 

appropriate method for the analysis of total counts of beetles (or of groups of 

interest, e.g. Carabidae) is Poisson regression. Another approach would have been 

to calculate the proportion of the total catch was made up of riparian specimens, 

and analyze these proportions using logistic regression. 

I used neither of these methods because I was more interested in the 

contribution of each species to the total discrimination between habitats. The 

Generalized Linear Model (GLM) approaches mentioned allow investigations of 

one species, or one group of species at a time. Neither method is more correct than 

the other, and the method of analysis depends almost entirely on the questions of 

interest. The multivariate approach I applied allowed me to use counts of each 

species to measure overall differences between habitats. 

I encourage every researcher to consult a statistician during every phase of 

their work, especially during the planning phase. Statistical advice during the 

planning stages can help to focus the work on the real questions of interest, or 

provide advice about the appropriate number of sampling sites to detect 

biologically significant differences. Appropriate advice about field plot and 

experimental design also adds to project efficiency. 
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