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Silviculture systems that involve commercial thinning may provide higherquality

wildlife habitat than traditional clearcut systems, yet such systems have not been

vigorously tested. This prospective study examined forest floor animal abundance and

habitat relationships under three different silviculture conditions: clearcuts, commercial

thins, and uncuts. Eighteen stands, six per treatment, were selected in the Umpqua

National Forest, in the southern Oregon Cascades, and surveyed for ground-dwelling

fauna. A total of 3,359 arthropods, 202 gastropods, 212 amphibians, and 456 small

mammals were captured in pitfall traps; 130 gastropods and 19 salamanders were located

during transect searches. Pitfall traps were open for 28 consecutive days in fall 1999;

because of large numbers captured arthropods were counted only on the first nine sample

days. Western-red backed vole (Clethrionomys calfornicus) and overall amphibian

captures, and gastropod species richness and diversity decreased with harvest intensity.

Small mammal and amphibian species richness and northwestern salamander

(Ambystoma gracile) captures were significantly higher in uncut stands than either thins

or clearcuts. Ensatina (Ensatina eschscholtzii) and Haplotrema snail captures were

significantly higher in thin stands than clearcut stands, though, captures did not differ

between clearcuts and uncuts. Small mammal, Trowbridge shrew (Sorex trowbridgii),



gastropod, and cricket (Gryllidae/Gryllacrididae) captures were similar between thin and

uncut stands but there were significantly fewer captures in clearcuts than uncuts. Vagrant

shrew (S. vagrans), grasshopper (Acrididae), beetle (Coleoptera), and millipede

(Diplopoda) captures were highest in clearcut stands. No treatment differences werç

observed for deer mice (Peromyscus maniculatus), Oregon voles (Microtus oregoni),

Vespericola snails, reticulated tail dropper slugs (Prophysaon andersoni), overall

arthropods, or spiders (Araneae).

Multiple linear regression results showed that canopy cover and basal area were

important habitat variables for Trowbridge shrews, Haplotrema snails, and crickets,

which suggests that these animals may be sensitive to tree removal. Other important

habitat variables were down wood volume (Haplotrema and cricket), shrub cover

(Haplotrema), duff and litter depth (ensatina and Vespericola) and gravely soils

(Haplotrema). Trowbridge shrew, Ensatina, and Haplotrema detections were positively

correlated with relative humidity and rainfall. Grasshoppers were the only animal

analyzed for habitat relationships that were correlated to open forest habitat.

In sum, 4 of the 15 ground-dwelling fauna species analyzed for treatment

differences were found more frequently in uncuts than clearcuts. Four species had higher

capture rates in thins than clearcuts and only 1 species (northwestern salamander) was

captured more frequently in uncuts than thins. These results suggest that commercial

thinning does not affect forest floor animal populations as severely as clearcut harvesting

and may be a useful silvicultural tool that will provide both wildlife habitat and a

sustainable timber supply.
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Habitat Relationships of Small Terrestrial Vertebrates
and Invertebrates in Managed Forests in the Southern Oregon Cascades

CHAPTER 1:

GENERAL INTRODUCTION

INTRODUCTION

The practice of forestry in the Pacific Northwest has changed and evolved

considerably in the last two decades. Between 1940 and 1980 forests were primarily

managed using even-age silvicultural systems with clearcut regeneration (Tappeiner et al.

1997, McComb et aL 1993, Swanson and Franklin 1992). During this time, silvicultural

research was dominated by studies addressing methods of timber removal, slash and

understory burn techniques, single species regeneration, genetic improvement of planting

stock, fertilization practices, suppression of competing vegetation, and animal-damage

control (Swanson and Franklin 1992). In whole, these silvicultural applications resulted

in intensive plantation forestry that produced high levels of wood fiber and economic

return in a relatively short time frame (DeBell et aL 1997, Smith Ct aL 1997).

Plantation forestry, however, considerably changes natural forest stand conditions

(Harpole and Hans 1999, Chen et al. 1995, Raphael 1988, Bury 1983). These forests are

not only structurally and compositionally simpler than unmanaged forests (Swanson and

Franklin 1992) but also considered less aesthetic (Johnson et al. in press, Ribe 1999).

These issues, along with others, have provoked concerns from public, scientific, and

political sectors and prompted the creation of legal documents such as the National Forest
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Management Act of 1976 (16 U.S.C. 1600 Ct seq.) and the more recent Northwest Forest

Plan of 1994 (USDA and USD1 1994). Because of the laws put forth bythese

documents and others, federal forest lands and some state and private forest lands are

now managed for more than wood production; there is a greater concern to manage for

biological diversity and site productivity within forest stands and across landscapes.

Several specific objectives to help meet these inclusive goals include management for

wildlife habitat, old-growth conditions, dead wood, erosion control, recreation, and

aesthetics. No single silviculture application or system, however, can accomplish such a

diverse array of objectives.

In the past, Pacific Northwest silviculture fit neatly into two distinct categories:

even-age and uneven-age management (Smith et aL 1997, Brown 1985). While current

silviculture can still be grouped into these two management strategies, the distinction

between the two is not always obvious. In attempts to maintain more natural levels of

ecosystem complexity, silviculturalists often look to natural disturbance regimes for

guidance Forest disturbance research in the Pacific Northwest has revealed the complex

nature of natural disturbances in regard to intensity, scale, and time interval (Swanson

and Franklin 1992); therefore, to emulate natural disturbance regimes, silvicultural

practices must also be complex and often inventive.

The presence of surviving biological structures or 'legacies' in naturally disturbed

sites distinguishes them from many managed areas. Integrating legacy structures such as

large live trees, snags, and downed wood in managed sites was fostered by Franklin

(1989) in his concept of 'New Forestry.' Traditional even-age systemshave also

incorporated live tree legacies on forest stands in a nontraditional manner by
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safeguarding the trees used as seed sources (seed-tree) or as shelter (shelterwood) and by

retaining green-trees on clearcut sites (clearcut with reserves) (Matthews 1997, Smith et

al. 1997). Intraditiorial even-age systems, seed- and shelterwood-trees would typically

be harvested after they served their purpose, leaving only regeneration trees.

The idea of retaining live trees on harvest units is commonly termed variable

'green-tree retention harvesting' and the stands are often categorized by the quantity of

trees remaining after harvest (Aubry et al. 1999,North et al. 1996). A 15% basal area

retention harvest may resemble a shelterwood cut, whereas a 50% basal area retention

may resemble a commercial thin; the main differences lie in the rationale behind the

harvests. Traditional even-age systems often were implemented with limited goals in

mind (i.e. economic return), whereas green-tree retention harvests are likely to be

implemented to meet a wide variety of objectives. Specific objectives may include:

increase aesthetics in stands within recreation areas, maintain large trees for target

wildlife species, provide viable seed sources, safeguard a timber reserve, protect sensitive

flora or fauna species, or create a wind resistant stand. Generally, retained trees in

harvested stands provide refugia for species and processes, increase structural diversity

within the stand, and enhance connectivity in a managed landscape (Franklin et al. 1997).

Although green-tree retention harvests do not represent novel silvicultural

practices, their use is expanding in the Pacific Northwest. Unfortunately, their ability to

meet various management objectives have not been vigorously tested. The

Demonstration of Ecosystem Management Options (DEMO) project is one large-scale

research project that analyzes the multi-resource impacts of partial harvest. This project,

located in western Oregon and Washington, consists of six treatments ranging from 100%
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to 15% basal area retention and two retention patterns: dispersed and aggregated (Aubry

et al. 1999). This project is investigating effects of variable retention harvest on forest

vegetation (Halpern et al. 1999), forest vertebrates (Lehmkuhl et al. 1999), fungal

sporocarp production (Cazares 1999), arboreal invertebrates (Progar Ct al. 1999), and

non-biological factors including social perceptions (Ribe 1999) and hydrological

relations (Storck et al. 1999). Post-harvest results are only recently available (Halpern

and McKenzie in press).

Variable retention harvests can be used in either even-age or uneven-age

silviculture. Interest in uneven-age silviculture has increased over the last decade

(Emmingham 1998) despite its perceived failure in the 1930's as a viable timber

production strategy (Curtis 1998). Due to the complex nature of managing an uneven-

age forest, knowledge gaps probably precluded the success of this method in the early

1900's (DeBell et al. 1997). Unlike clearcut harvest, there is no definitive approach to

uneven-age management; rather, most forest stands require a unique plan developed by

skilled silviculturists (Matthews 1997). To create a multi-age stand, defmed as a stand

with three or more functioning age cohorts (Emmingham 1998), trees are harvested using

single-tree or group selection methods over a series of harvesting interventions. If shade-

intolerant tree species are desired, group selection is particularly useful. One of the most

difficult tasks involved in uneven-age management is providing a sustainable timber

yield. To encourage sustainability using either single tree or group selection methods,

care must be taken to maintain correct proportions of all the cohorts, to minimize damage

to retained trees during harvests, and to insure adequate regeneration (Matthews 1997).



Uneven-age management has the potential to be one of the most ecologically

beneficial and politically acceptable timber harvest methods available because it leaves

continuous tree cover on the stand. This vegetal cover provides increased structural

diversity (O'Hara 1998) and aesthetics (Emmingham 1998). In addition, uneven-age

stands may be less vulnerable to soil erosion and wind and snow damage (Matthews

1997).

Thinning is another popular silvicultural tool and can be used as a single-tree

selection method to create multi-aged stands. Multiple applications of thinning can

convert even-age and unmanaged stands into uneven-age systems. When trees are

removed during each thinning intervention, a new cohort of trees can establish. Ideally,

after two successful thinnings, a stand will consist of three functioning age cohorts.

Traditionally, however, thinnings were conducted within an even-age system to maintain

growth rates of residual trees and promote stem quality, quantity, and vigor by providing

greater growing space (DeBell et al. 1997, Smith et al. 1997). An additional benefit of

commercial thinning is the generation of an intermediate income. The oldest method of

thinning, low thinning, removes trees from lower crown classes to promote growth in the

best growing residual trees (Smith et al. 1997). Crown thinning removes trees from the

upper crown classes 'releasing' the previously overtopped trees. Thinning can also be

performed in a geometric pattern (i.e. strips) or by using a combination of different

methods known as 'free thinning' (Smith et al. 1997). Free thinning is commonly used

on natural stands that have not been previously treated.

While thinning in the Pacific Northwest is still conducted for traditional timber

production purposes, current thinning operations are now frequently used to promote

5
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additional management objectives. These types of thinnings are often synonymous with

green-tree retention harvests. Like a dispersed retention harvest, thinning opens up the

tree canopy and creates an environment where more light can penetrate to the forest floor

allowing young trees, shrubs, and herbs to grow. Thinning can have particularly

profound effects on stands that are in the closed-canopy stage of succession. Both Suzuki

(2000) and Bailey and Tappeiner (1998) found that thinned stands in western Oregon

aged 7- to 24-yrs old contained more seedlings, shrubs, and herbs than dense, unthinned

stands. In regards to understory vegetation, thinned stands did not significantly differ

from old-growth stands, whereas unthinned stands had significantly less understory

growth than either the thinned or old-growth sites (Bailey and Tappeiner 1998). The

proliferation of understory growth seen in thinned stands enhances vertical structure and

can potentially provide valuable habitat for forest wildlife (Hayes et al. 1997, Hunter

1990), create visually acceptable stands, and provide a valuable timber supply (DeBell et

al. 1997).

Current silvicultural systems have moved beyond managing forests solely for

timber production and economic sustainabiity. Today, forests are managed using a wide

variety of silvicultural tools, both old and new, that can be used to meet a diversity of

management objectives. Many of the silvicultural tools used today, however, have not

been vigorously tested and their effects on stand processes and dynamics is largely

unknown.
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FOREST MANAGEMENT AND WILDLIFE RELATIONSHIPS

Historically, forest wildlife habitat studies focused on game species, such as

ungulates and large carnivores that had direct consumption and recreation benefits to

humans (Noss et al. 1997, Bury et al. 1980). Forest are now more commonly managed to

protect and maintain whole ecosystems and ecological functions and habitat studies have,

therefore, come to include non-game species as well.

Non-game animals such as small mammals, amphibians, gastropods, and

arthropods warrant investigation because they play important roles in forest ecosystems.

Small mammals include foliovores, fungivores, sperniivores, frugivores, insectivores, and

carnivores (O'Neil et al. 2001, Gunther et al. 1983). The variable diet of small mammals

makes them important seed and spore dispersers (Verts and Carraway 1998, Gunther et

al. 1983, Ure and Maser 1982, Whitaker and Maser 1976) and helps control unwanted or

invasive insect outbreaks (O'Neil Ct al. 2001). Amphibians, gastropods, and arthropods

also consume abundant invertebrates (Altig and Brodie 1971, South 1992, Parsons et al.

1991). In addition, many species of gastropods and arthropods are detritivores,

consuming large quantities of decaying forest-floor matter (Parsons et al. 1991, Mason

1970b) and returning nutrients back to the soil in fecal packets. Perhaps most

significantly, all of these small terrestrial animals are important prey for forest predators.

Managing forests for the diversity of animals that live there is a formidable task

because their critical habitats are varied, complex, and often unknown. Although past

research has identified some important ties between small forest dwelling animals and

forest stand conditions, the complexity of forest ecosystems and the multitudes of

wildlife species coupled with the many possible management prescriptions only



punctuates the paucity of our knowledge. A general overview of forest wildlife habitat

relationships for the animals considered in this thesis is presented below.

Small Mammals

Studies conducted on a chrono sequence of naturally occurring western forests of

Oregon and Washington found that overall small mammal abundance tends to increase

with an increase in forest age, but most individual species are not strongly correlated with

stand age (Gilbert and Allwine 1991a, West 1991). It appears that geography and climate

influence small mammal community structure and composition more than stand age

(Aubry et aL 1991). Small mammal species, however, respond to anthropogenic

disturbances such as timber harvesting. In general, small mammals are found more

frequently in old-growth forest stands than in intensively harvested stands such as young

clearcut and shelterwood systems (Wilson and Carey 2000, Carey and Johnson 1995,

West 1991, Raphael 1988). The structural and biological diversity found in old-growth

forests of the Pacific Northwest and the ensuing differentiation of niches allow a wide

variety of small mammal species to coexist (Hunter 1990).

Clearcut harvesting, once the predominant harvesting method used in the Pacific

Northwest, emulates intense, natural disturbance regimes such as catastrophic fires

(Hunter 1990). Clearcutting and fire, however, have different effects on vegetation and

soil, which may explain why small mammals may not react the same to these two

potentially analogous disturbances (Rosenberg et al. 1994, Corn et al. 1988). Rosenberg

et al. (1994) found that an unmanaged young stand, which originated from a low intensity

wildfire, had western red-backed vole (Clethrionomys calfornicus) capture rates more

8
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comparable to old-growth than clearcut stands. Similarly, Corn et al. (1988) found red-

backed voles (Clethrionomys spp.), Trowbridge shrew (Sorex trowbridgii), and montane

shrew (S. monticolus) consistently more often in young natural stands than young

clearcut stands. Contrarily, Oregon vole (Microtus oregoni) and vagrant shrew (S.

vagrans) were captured most commonly in clearcut stands (Corn et al. 1988). Diverse

structural components such as large standing trees, dead wood, and deep organic soil

layers remaining after some natural disturbances may help explain why certain wildlife

species are found more frequently in natural versus harvested stands (Perry and

Amaranthus 1997, Rosenberg et al. 1994).

In south-central British Columbia, Sullivan et al. (2000) found that small mammal

species richness (number of species) and diversity (estimated abundance averaged over

five sampling periods) may respond differently than animal abundance to forest

manipulation. In their study, species richness and diversity was higher in 17-yr old

clearcut and seed-tree stands (approximately 3 to 100 trees/ha) than uncut forest stands.

They hypothesized that species richness and diversity was elevated in these young stands

because of the development of dense understory ground cover. In the Pacific Northwest,

Aubry et al. (1997) found that small mammal species richness among four structurally

different harvested stands was highest in 12- to 20-yr old pre-canopy stands. The three

other treatments included: 2- to 3-yr old clearcut, 30- to 40-yr old closed-canopy, and 50-

to 70-yr old commercial thin (Aubry et al. 1997). Species composition was different

across treatments especially in the most dissimilar stands, and the authors hypothesized

that high species richness in the pre-canopy stand resulted from the mixing of species

from either end of the habitat gradient.
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Because different species of small mammals have diverse habitat requirements,

they are able to exploit forests in different stand development phases. Animals that

utilize open habitat, such as Oregon vole (Aubry et al. 1997, Cornet al. 1988, Hooven

and Black 1976) and vagrant shrew (Corn et al. 1988), are frequently found in clearcut

sites. Small mammals that utilize closed forest habitat, such as western red-backed vole

(Rosenberg et al. 1994, Gilbert and Aliwine 1991a, Raphael 1988, Hooven and Black

1976) and Trowbridge shrew (Aubry et al. 1997, Gilbert and Allwine 1991a, Hooven and

Black 1976), are more often found in mature to old stands. Western red-backed voles

may be particularly sensitive to timber harvest because their primary food item,

hypogeous ectomychorrhizal fungi, is often scarce in harvested stands (Mills 1995,

Colgan et al. 1999, Ure and Maser 1982). Habitat generalist species, like the deer mouse

(Peromyscus maniculatus), are found in a variety of forest conditions: old, intact forest

stands; young, harvested stands; and clearcuts (Aubry et al. 1997, Carey and Johnson

1995, Gilbert and Allwine 199la, West 1991, Cornet al. 1988, Raphael 1988, Tevis

1956).

Until recently, most forest wildlife habitat relationship studies in the Pacific

Northwest have focused on the comparison between old-growth and clearcut stand

conditions. There are information gaps on wildlife responses to alternate forms of timber

removal, although these forms of harvesting are becoming more prevalent. Sullivan et al.

(2000) found that seed-tree stands (approximately 3 to 100 trees/ha) provided higher

structural diversity than clearcut stands. This may explain why small mammal species

richness was higher in seed-tree versus clearcut stands. No difference was found,

however, between seed-tree and clearcut stands for individual small mammal species,
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although captures of southern red-backed voles (Clethrionomys gapperi) were

significantly higher in old-growth stands. Old-growth stands in this study were

structurally and compositionally more diverse than the other two treatments and

contained larger downed wood, these factors could provide suitable red-backed vole

habitat (Sullivan et al. 2000). In a study that looked at a diameter retention cut where

stand volume was reduced by 98%, southern red-backed voles were absent from logged

sites (Medin 1986). These results suggests that for some small mammal species (i.e. red-

backed voles) leaving small amounts of residual trees on a harvested stand does not

improve habitat conditions.

There is some evidence that retaining live trees on mature, managed sites may

maintain or even enhance pre-harvest small mammal habitat. In interior British

Columbia, Von Trebra et al. (1998) found an immediate increase in southern red-backed

vole captures following two shelterwood harvests conducted on 107- to 126-yr old

second-growth stands. There were significantly more voles captured in both the 30 and

50% basal area removal stands than the similarly aged second-growth control stands

(Von Trebra et al. 1998). Suzuki (2000) found that small mammal captures did not

change immediately following two intensities of commercial thinning in the Oregon

Coast Range. Also, overall small mammal abundance was higher in stands that had been

thinned 7- to 24-yrs prior to the study than unthinned stands (Suzuki 2000). Retention

systems reserve important habitat components such as large standing trees and snags as

well as encourage understory development (Suzuki 2000, Von Trebra et al. 1998). These

studies suggest that variable retention methods may be a valuable tool for maintaining or

improving important habitat for small mammals.
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Amphibians

Similar to small mammals, most species of terrestrial amphibians are found in all

forest successional stages in the Pacific Northwest (Corn and Bury 1991, Gilbert and

Aliwine 1991b, Welsh and Lind 1991, Bury and Corn 1988) and differences in species

composition appear more affected by stand geography than stand age (Bury et al. 1991).

Overall, however, amphibians appear more sensitive to forest manipulation than small

mammals. Several studies have shown that amphibian abundance, species richness,

and/or biomass are highest in older, more developed forest stands compared to partially

harvested stands and that clearcutting is particularly detrimental to amphibian populations

(Aubry 2000, Grialou et al. 2000, Harpole and Haas 1999, Herbeck and Larsen 1999,

Petranka 1994, Welsh and Lind 1991, Raphael 1988, Welsh and Lind 1988, Bury 1983).

Terrestrial amphibians have been positively correlated with quantity and decay status of

downed wood (Maguire in press, Butts and McComb 2000, Aubry and Hall 1991, Bury

and Corn 1988) and soil litter depth (Aubry 2000, Corn and Bury 1991, Gilbert and

Allwine 1991b, Pough et aL 1987). The general lack of downed wood in many managed

stands (Butts and McComb 2000) and depressed litter depths (Griffiths and Swanson in

press) may explain the reduced amphibian populations found within.

Approximately one-third (N = 11) of the amphibian species found in the Pacific

Northwest are terrestrial-breeders; the remaining are either pond- or stream-breeders

(Leonard et al. 1993). Captures of pond- and stream-breeders in forest stands are often

considered unreliable for assessing relationships between amphibians and forest

management practices because their terrestrial availability or detection rates may be

driven by proximity to aquatic breeding grounds. However, salamanders in the family
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Plethodontidae, entirely terrestrial amphibians, spend all life histoiy phases on land

making them useful indicators of forest stand conditions (Heatwole 1962). An excellent

example is Ensatina (Ensatina eschscholtzii), an abundant terrestrial salamander found on

the west-side of Oregon and Washington (Butts and McComb 2000, Gilbert and Aliwine

1991b, Welsh and Lind 1988). This species has high ecological tolerances relative to

other amphibians (Stebbins 1954). Despite this, ensatina captures are often lower in

clearcut stands than older, intact stands (Cole et al. 1997, Welsh and Lind 1988, Bury

1983). Studies have shown positive correlations between ensatina captures and quantity

of dead wood (Aubry 2000, Butts and McComb 2000, Bury and Corn 1988) and litter

depth (Aubry 2000, Corn and Bury 1991). Because harvesting often decreases the

amount of dead wood (Butts and McComb 2000) and diminishes litter depth (Griffiths

and Swanson in press), critical ensatina habitat may not be sufficient in intensively

managed stands.

Despite the increasing popularity of retention harvests, few studies document the

effects of these practices on amphibians. Grialou et al. (2000) found that species

presence was unaffected by a "low" thinning (16% basal area reduction) of mature stands

in western Washington and that both western red-backed (Plethodon vehiculum) and

énsatina salamander captures increased after harvest. An observational study in the

Oregon Coast Range (Suzuki 2000) showed that amphibian abundance did not differ

between 52.- to 100-yr old unthinned stands and similarly aged commercially thinned

stands (harvested 7- to 24-yrs prior to study). However, amphibian numbers decreased

immediately following thinning in the experimental part of this same study (Suzuki

2000). In the southern Appalachians, Harpole and Hans (1999) found that there was a



14

significant decrease in salamander captures in heavily harvested stands (group selection,

shelterwood, and leave-tree). These results suggest that there may be a limit to the

amount of timber that can be removed before amphibians are adversely affected but that

variable retention harvests may not impact amphibian populations as strongly as clearcut

harvests. Further research should help determine whether partial harvest systems are

capable of maintaining amphibian habitat while supplying a reliable timber resource.

Gastropods

Few studies address the effects of forest manipulation on gastropods in the Pacific

Northwest or elsewhere, but several studies suggest that conditions in some types of

managed stands may limit their suitability to these animals. In Finland, Helle and Muona

(1985) found gastropods more abundant in uncut forests than in clearcut stands. Like

amphibians, gastropods have highly permeable skin, and water can readily flow from one

internal compartment to another (Machin 1975). This makes gastropods prone to both

dehydration and overhydration depending on moisture conditions of their environment

(Machin 1975). Because clearcuts often have more extreme environmental conditions

than those found in the uncut forest (Harpole and Hais 1999), snails and slugs are likely

to encounter less favorable microclimatic conditions in clearcuts.

In addition to hydric limitations, calcium availability may also impact gastropod

populations. Gastropods, especially snails, have substantial whole-body (body and shell)

concentrations of calcium that they most likely obtain from fungi (Cromack et al. 1977).

Because stands subjected to intensive harvest often contain fewer fungi than unmanaged

stands (Colgan et al. 1999), we can hypothesize that available calcium for gastropods is



reduced in these disturbed environments. Gastropods also are associated with downed

wood (Caldwell 1993). Downed wood not only provides suitable substrate for the

calcium-rich fungi that gastropods consume, but it also acts as an environmental buffer

that protects snails and slugs from extreme microclimatic conditions (Blessing et al.

1999). In general, many common forest management practices significantly reduce the

amount, type, and condition of downed wood in forest stands (Spies et al. 1988) limiting

this resource for gastropods and many other small terrestrial organisms.

From the limited literature available, it appears that snails and slugs are sensitive

to forest manipulation. Consequently, there is concern for their well-being in managed

forests. This concern is highlighted in the Northwest Forest Plan (USDA and USD1

1994) wherein 24 terrestrial gastropod species are listed that must be surveyed and

managed. Unfortunately, reliable management plans will remain difficult to develop

until we expand our knowledge of the habitat requirements of individual gastropod

species and the impact that the range of managed forest conditions has upon gastropod

populations.

Arthropods

The forest arthropod complex is composed of thousands of species, and

identifying them to the species level is an arduous task that relatively few people attempt,

let alone master. Consequently, many researchers report field research results using more

broad taxonomic classifications. Some researchers suggest that identifying arthropods to

broader functional levels is as informative and more practical than studying them at the

species level. For instance, Paoletti and Bressan (1996) suggest Identifying arthropods to

15
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functional tropic levels and Hughes et al. (2000) suggest identifying them to the

community level. The following studies highlight some common impacts of forest

harvest on arthropods across various taxonomic grouping.

Several researchers have found that ground-dwelling arthropod species richness

increases following clearcut harvest (Niemela et al. 1993, Parsons Ct al. 1991). Clearcut

harvesting attracts species that favor thy, open, and grassy habitat and the influx of these

species inflates species richness (Niemela et al. 1993). In contrast, Schowalter (1995)

observed a decrease in canopy arthropod diversity (Shannon-Weiner) following clearcut

harvesting in Pacific Northwest forests and Duguay et al. (2000) observed a decrease in

invertebrate biomass following clearcut harvesting in West Virginia forests. Older

forests provide moderate microclimate conditions, large and consistent diversity of

branch habitats, and a large selection of food sources that can support abundant

invertebrates (Duguay et al. 2000, Schowalter 1995). Other studies (Greenberg and

McGrane 1996, Niemela et al. 1993) found that the total abundance of ground arthropods

was unaffected by clearcutting, but the arthropod assemblage changed. For instance,

herbivorous arthropods that feed in open, grassy habitat increased following clearcut

harvest, whereas forest specialists decreased (Niemela et aL 1993). In Finland,

Coleoptera were found more frequently in forested stands than in clearcuts, while

Arachnida occurred more frequently in clearcut stands (Helle and Muona 1985). These

studies document that arthropod richness and diversity are sensitive to forest harvest.

Forest harvesting affects arthropod communities differently because arthropods

have diverse life cycles and are found in a wide variety of habitats. Some species thrive

in clearcuts, some in intact forests, and some may thrive in either. Timber removal
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changes the structure and composition of forest systems and therefore changes arthropod

habitat conditions. Depending on the method, intensity, and location of harvest, some

arthropods will benefit from the changed conditions, others will not. It also is possible

that factors other than timber harvesting, such as weather patterns, can play an important

role in the relationship between forest management and arthropod abundance (Schowalter

1995).

STUDY OVERVIEW

The literature summarized above suggests that interactions between animals and

their forest environment are complex. Relative to studies investigating effects of clearcut

harvest on animal populations, few projects have analyzed effects of variable retention

harvests on forest wildlife even though this forest management strategy appears to be the

wave of the future. The primary goal of this study, therefore, was to quantify animal

relationships across a range of forest management conditions in the Pacific Northwest

including clearcut, thinned (variable retention harvest) and uncut stands.

This project was conducted in conjunction with and supported by the USDA

Forest Service DEMO project and will contribute information to that study. The DEMO

study, located in western Oregon and Washington, is investigating the ecological,

physical, and social effects of retaining live trees in harvest units aged 70 years and above

(Aubry et al. 1999). The study consists of six treatments ranging from 100% to 15% live

tree basal area retentions configured in two different patterns: dispersed and aggregated.

Study sites for this project were located in the Umpqua National Forest in the

southern Oregon Cascades where one of the six DEMO blocks is also located. The



18

commercial thin treatment is comparable to the 40% dispersed retention harvest in

DEMO, where 40% of the live-tree basal area was retained on mature Douglas-fir stands.

Current funding only allows for the analysis of pre- and immediate post-harvest data

although DEMO is currently pursuing additional long-term funding. Because forest

stands were harvested approximately 10- tol5-yrs prior to data collection, results from

this study will provide valuable insight into the possible development trajectory of

DEMO stands.

Four distinct taxonomic groups of animals were considered in the current study.

Chapter 2 addresses relationships between forest management and amphibians

(Amphibia), gastropods (Gastropoda), and arthropods (Arthropoda). These organisms

were captured in pitfall traps and additional amphibians and gastropods were encountered

using timed and area-constrained searches. Chapter 3 addresses the relationships

between forest management and small mammals (Insectivora and Rodentia). These

animals were captured in pitfall traps. Because individual taxa can be captured or

surveyed by various techniques the challenge exists to select the most effective

methodology for the study at hand. In chapter 4, three common gastropod and

salamander surveying techniques are assessed and compared.
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CHAPTER 2:

HABITAT RELATIONSHIPS OF AMPHIBIANS,
GASTROPODS, AND ARTHROPODS IN MANAGED FORESTS

IN THE SOUTHERN OREGON CASCADES

ABSTRACT

This study examined animal abundance and habitat associations under three

different silviculture treatments: 5- to 11-yr old clearcuts, 10- to 1 6-yr old commercial

thins, and 135- to 256-yr old uncut stands. Eighteen stands, six per treatment, were

selected in the Umpqua National Forest, in the southern Oregon Cascades. A total of

3,359 arthropods, 202 gastropods, and 212 amphibians were captured in 648 pitfall traps;

130 gastropods and 19 salamanders were located during transect searches. Pitfall traps

were open for 28 consecutive days in fall 1999; because of the large numbers captured,

arthropods were counted only on the first nine sample days. Total amphibian captures,

and gastropod species richness and diversity decreased with harvest intensity.

Amphibian species richness and northwestern salamander (Ambystoma gracile) captures

were significantly higher in uncut stands than either thins or clearcuts. Ensatina

(Ensatina eschscholtzii) salamanders and Haplotrema snail captures were significantly

higher in thinned stands than clearcut stands, although captures did not differ between

clearcuts and uncut stands. Overall gastropod and cricket (Gryllidae/Gryllacrididae)

captures were similar between thinned and uncut stands but there were fewer captures in

clearcuts. Grasshopper (Acrididae), beetle (Coleoptera), and millipede (Diplopda)

captures were most abundant in clearcut stands. No treatment differences were observed
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for Vespericola snails, reticulated tail-dropper slug (Prophysaon andersoni), overall

arthropod captures, or spiders (Araneae).

Ensatina were most abundant in areas with dense forest canopy cover, large

duflllitter depths, and low herb cover. Haplotrema snails were more frequently captured

in areas with high canopy cover and shrub cover, large downed wood volumes, and

gravely soils. Both ensatina and Haplotrema captures were positively correlated with

relative humidity and rainfall. Vespericola snails were encountered more often in areas

with a well-developed duffYlitter layer and low soil organic matter content. Grasshopper

captures were more frequent in open forest habitat, while crickets were captured more

frequently in areas with dense forest conditions and high downed wood volumes. Results

from this study suggest that commercial thinning may mitigate adverse affects of

clearcutting for some terrestrial animals; thinning also appears to provide adequate

habitat for both ensatina and Haplotrema.

INTRODUCTION

Until the 1980's, Pacific Northwest forests were predominantly managed for high

timber yields and economic return. To meet these goals, clearcut regeneration systems

were most commonly employed. Clearcut systems, particularly when regenerated with a

monoculture, create forest stands that are structurally and compositionally simpler than

unmanaged forests (Swanson and Franklin 1992). These changes affect both biological

processes and stand aesthetics (Johnson et al. in press, Ribe 1999). The numerous

concerns regarding clearcut harvesting have transpired in the conception of several legal

documents such as the National Forest Management Act of 1976 (16 U.S.C. 1600 et seq.)
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and the more recent Northwest Forest Plan (USDA and USD1 1994 and 2001). These

documents, among others, have set new standards for managing national forest lands.

The focus has changed from one of primarily wood production to one of ecological

sustainability with an emphasis on maintaining biodiversity.

Forestry practices now incorporate a more diverse array of silvicultural

applications in attempts to meet sustainability and biodiversity goals. Green-tree variable

retention harvesting is one method that may meet some of these objectives, although this

idea has not been vigorously tested. The theory behind retention harvests stems from

natural disturbance regimes and the biological legacies left behind. Biological structures

such as large live trees, snags, and downed wood often remain after a natural disturbance

but are often scarce in heavily harvested stands.

Thinning operations may also maintain natural legacies on harvested stands.

Some thinning operations can be considered a variable retention harvest, although

traditionally thinning is used most frequently as an intermediate application. They are

implemented to maintain growth rates of residual trees and promote stem quality,

quantity, and vigor by providing greater growing space in even-aged systems (DeBell et

al. 1997, Smith et al. 1997). Thinning opens up the tree canopy and creates an

environment where more light can penetrate to the forest floor allowing young trees,

shrubs, and herbs to grow (Suzuki 2000, Bailey and Tappeiner 1998). This proliferation

of understory growth enhances vertical structure and can potentially provide habitat for

forest wildlife (Hayes et al. 1997, Hunter 1990). In addition, the extended growing space

allotted to residual trees promotes the development of large tree diameters, large

branches, and crown structure that also provides valuable habitat for many wildlife



species (Hayes et al. 1997). When conducted repeatedly, they are also used to convert

even-age or unmanaged stands into uneven-age systems. In this scenario the growing

space is allocated to a new cohort of trees after each thinning intervention. Ideally, after

two thinnings, a stand can consist of three functioning age cohorts.

Current laws mandate that national forests be managed in a more biologically

sustainable manner. Alternative harvesting methods to clearcutting, variable retention

and thinning harvests, for example, are employed more readily now. Limited research

has been conducted on these forms of harvesting in the Pacific Northwest and it is

unclear whether they meet stistainability objectives. An important component of

sustainability is the maintenance of animal species diversity at present or historic levels.

Studies that address forest management and wildlife relationships help disclose the

effects that forest harvesting has on wildlife species and can assist with determining

whether diversity levels are being maintained under current silvicultural systems.

Early wildlife biologists concentrated their efforts in studying forest megafauna

such as ungulates and large carnivores and largely ignored small forest-dwelling animals

such as amphibians and invertebrates (Noss et al. 1997, Bury et al. 1980). Because all

forest animals contribute to the functions and processes of forest ecosystems, it is

important that these animals be included in wildlife studies. The following few

paragraphs present a general overview of forest wildlife habitat relationships for

amphibians, gastropods, and arthropods (see chapter one for more detail).

Terrestrial amphibians and gastropods (subclass Pulmonata) play a significant

role in forest ecosystem energy and nutrient cycling (Maguire 1981, Burton and Likens

1975, Mason 1970a and b). They are important prey for reptiles, birds, and mammals
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(Stebbins and Cohen 1995, South 1992, Parsons et al. 1991, Whitaker and Maser 1976)

and as ectotherms, they are efficient metabolizers. When salamanders and gastropods

ingest prey (i.e. invertebrates and detritus) they convert them to larger "bundles of

protein" that are then assimilated by larger predators (Pough et al. 1998, Mason 1 970a).

Snails and slugs also are important in fungi dispersal, decomposition, and calcium

cycling (Caldwell 1993, Cromack et al. 1977, Mason 1970 a and b).

Both terrestrial amphibians and gastropods make useful study subjects for

examination of forest stand manipulation impacts because of their rather narrow habitat

and microclimatic tolerances. Terrestrial amphibians, such as salamanders in the family

Plethodontidae, spend all phases of their life on land making them particularly useful

indicators of forest stand conditions (IHeatwole 1962). Pond- and stream-breeding

amphibian captures in forest stands may be less reliable for assessing relationships

between amphibians and forest management practices because their availability may be

driven by the proximity of the stand to aquatic breeding grounds.

Amphibians and gastropods have permeable skin, which makes them vulnerable

to moisture fluctuations and toxic substances (Pough et al. 1998, Blaustein and Wake

1990, Machin 1975). In addition, gastropod mucus secretion, which is involved in

locomotion and skin protection, increases water loss potential (South 1992, Machin

1975). Activities such as food gathering and mating, therefore, are restricted to times

when conditions minimize evaporation. To mitigate moisture variability, amphibians and

gastropods seek protective cover within logs, rodent burrows, litter, and ground

vegetation (Stebbins and Cohen 1995). Furthermore, amphibian and gastropod eggs lack

a protective shell and are vulnerable to environmental changes; deformities often occur
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during embryonic development when appropriate conditions are not met (Stebbins and

Cohen 1995, South 1992).

Despite narrow ecological tolerances, terrestrial amphibians are found in all forest

successional stages in the Pacific Northwest (Corn and Bury 1991, Gilbert and Allwine

l991b, Welsh and Lind 1991, Bury and Corn 1988) Amphibians are sensitive to timber

harvesting, however, especially clearcutting (Grialou et al. 2000, Harpole and Hans 1999,

Herbeck and Larsen 1999, Petranka et al. 1994, Raphael 1988, Bury 1983). Air

temperature and relative humidity (Chen et al. 1995) and soil temperature and moisture

(Griffiths and Swanson in press) are more variable and extreme in clearcuts than in

neighboring old-growth forest. Harvested stands may have conditions that are too hot

and dry or possibly too cold to support amphibians. In addition, microhabitats that are

potentially important for protecting amphibians from harsh environmental fluctuations

may be limited in harvested stands. Butts and MeComb (2000) found that managed

stands in the Pacific Northwest were deficient in downed wood and Griffiths and

Swanson (in press) found that clearcut stands had depressed litter depths. The more

extreme environmental conditions and the absence of important microhabitats in some

harvested stands may explain their reduced amphibian populations.

Some studies suggest that retention harvests may not affect amphibian

populations as strongly as clearcutting. In western Washington, (irialou et al. (2000)

found that a "low" thinning (16% basal area reduction) increased ensatina (Ensatina

eschscholtzii) captures, only slightly reduced western red-backed (Plethodon vehiculum)

salamander captures, and did not affect species presence immediately following harvest.

Suzuki (2000) found that amphibian abundance did not differ between unthinned stands
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52- to 100-yr old and similarly aged commercially thinned stands (harvested 7- to 24-yrs

prior to study) in an observational study in the Oregon Coast Range. In the experimental

component of this same study, however, amphibian numbers decreased immediately

following thinning. This study showed that logging initially impacted amphibians but

that populations eventually recovered (Suzuki 2000). Harpole and Haas (1999) found

that salamanders were negatively impacted immediately following heavily logged

retention harvests (group selection, shelterwood, and leave-tree). Data were not yet

available to assess the potential long-term effects. There may be a limit, however, to the

amount of harvest that can be conducted before amphibians are adversely affected.

Unlike amphibians, little research has been conducted on gastropod forest

relationships in the Pacific Northwest or elsewhere. In Finland, Helle and Muona (1985)

found gastropods more abundant in uncut forests than in clearcut stands. Like

amphibians, gastropods may be limited to areas with consistently moist and cool

environments. The environmental conditions in clearcuts, therefore, may be too extreme

to support gastropod populations. In addition to hydric limitations, calcium availability

may also impact gastropod populations. Gastropods, especially snails, have substantial

whole-body concentrations of calcium that they most likely obtain from fungi (Cromack

et al. 1977). Colgan et al. (1999) found that harvested stands had significantly fewer

fungi than unmanaged stands. This may limit the amount of calcium available for

gastropod uptake and restrict them to unmanaged areas. Furthermore, two common

gastropod microhabitats, downed wood and soil litter (Caldwell 1993, Mason 1970b), are

both reduced following many forest operations (Spies et al. 1988). The reduction of
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fungi, downed wood, soil litter, and the changes in microclimatic conditions that occur in

some harvested stands, may all contribute to the paucity of gastropods in clearcut stands.

Although arthropods are not faced with the same environmental constraints as

amphibians or gastropods because of their protective exoskeleton, studies have shown

that arthropods are sensitive to forest harvesting none-the-less (Greenberg and McGrane

1996, Niemela et al. 1993, Parsons et al. 1991). Niemela et al. (1993) found that ground-

dwelling beetle species diversity increased following clearcutting and that species

composition changed. For example, herbivorous carabids that feed in open, grassy

habitat increased following clearcutting, whereas species considered forest specialists

disappeared. Forest generalist carabids decreased following harvest but these populations

recovered within 27 years (Niemela et al. 1993). In Finland, Helle and Muona (1985)

also found changes in arthropod composition following clearcutting; Coleoptera were

found more frequently in forested stands than in clearcuts, while Arachnida occurred

more frequently in clearcuts. Forest harvesting can also negatively impact overall

arthropod captures. In the Pacffic Northwest, canopy arthropod diversity decreased after

clearcutting old-growth forest (Schowalter 1995) and in West Virginia mean invertebrate

biomass decreased with an increase in timber harvest intensity (Duguay et al. 2000).

Older stands in both these studies were structurally and compositionally more complex

than the harvested stands and subsequently provided a larger selection of arthropod food

sources (Duguay et al. 2000, Schowalter 1995).

The preceding studies suggest that arthropods respond to forest manipulation in

species-specific ways. Because of the important role arthropods play in forest

communities, arthropod population fluctuations resulting from different harvesting
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regimes could affect other forest processes and communities. Arthropods are significant

prey for many animals including salamanders, reptiles, birds, and small mammals, they

are important forest-pest species, and they are forest pollinators, predators, and

decomposers (Kim 1993). Despite the ecological roles played by forest arthropods, this

group of animals remains understudied, largely due to the difficulty in identifying them to

the species level. Entomologists have suggested, however, that identifying arthropods to

functional trophic levels or community levels may be a more practical and equally

informative as identifying them to species (Hughes et al. 2000, Paoletti and Bressan

1996).

Given the complex nature of timber harvesting and wildlife relationships, the

primary goal of this prospective study was to quantify relationships between three timber

harvesting strategies in the Pacific Northwest and forest-dwelling amphibians,

gastropods, and arthropods. The first study objective was to assess differences in

amphibian, gastropod, and arthropod abundances among clearcut, commercially thinned,

and uncut stands. Differences in species diversity, species richness, and body condition

would also be analyzed when appropriate. The second objective was to identify habitat

affiliations for the most commonly captured species at microsite and stand scales and to

assess the relationships between captures and daily mieroclimatic trends. The fmal

objective was to test the hypothesis that microclimatic conditions within microhabitats

utilized by salamanders are less variable than in randomly selected microsites. This

hypothesis is based on the assumption that salamanders select the most suitable habitats

from those available.
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This project also was designed to provide supplemental information to the

Demonstration of Ecosystem Management Options (DEMO) study. The DEMO study is

investigating the ecological, physical, and social effects of retaining live trees in harvest

units aged 70 years and above (Aubry et al.1999). The DEMO project consists of six

blocks distributed in western Oregon and Washington. Study sites in this project are

within 1.5 to 14.5 km from the Watson Falls DEMO block and are in the same vegetation

type. The DEMO project consists of six silvicultural treatments per block ranging from

15% to 100% live tree basal area retentions confgured in two different patterns:

dispersed or aggregated. An additional 16.5 live trees/ha were converted into snags

(Aubry et al. 1999).

One research aspect of DEMO is to evaluate pre- and post-harvest effects of

retention harvests on small terrestrial wildlife, but as the time of the current study, only

immediate post harvest data were being collected. Because the commercial thinned

stands in this project are comparable to the 40% basal area dispersed retention stands in

DEMO, only 10- to 16-yrs older, results from this project may provide valuable insight

into the potential development and maturation of wildlife habitat relationships and stand

attributes in DEMO stands over the next couple of decades. This study also investigated

organismal groups that are not considered in the DEMO study, mainly gastropods and

forest-floor arthropods. It also employed three different forest-floor animal trapping

techniques opposed to only one (pitfall traps) used by DEMO. These methodologies may

broaden the scope of sampling and provide additional information about retention

harvests in the Pacific Northwest.



METHODS

Study Area

The study was conducted in the western part of the Diamond Lake Ranger District

of the Umpqua National Forest, Oregon (Douglas County, 43°15'N latitude, 122°30'W

longitude) (Figure 2.1). Stand exam information and on-site inspection were used to

select six study blocks for prospective examination of each of three silvicultural

treatments: clearcut, commercial thin, and uncut. Stands ranged in size from 5.7 to 53.8

ha (Appendix A); all stands within a block were separated from each other by less than

two km. whereas blocks were separated by 2.5 to 24 kin. Thinned stands contained

dominant trees> 50-cm dbh (diameter at breast height), and clearcuts were dominated by

regeneration under 1.5-rn tall. Uncut stands ranged from 135- to 256-yrs of age, with no

signs of past harvest, roads, or other anthropogenic disturbances. Clearcut and thin

stands ranged from 93- to 256-yrs old at harvest. Clearcut and thinned stands were

harvested 7- to il-yrs and 10- tol6-yrs prior to data collection, respectively. Elevations

for all 18 stands range from 790 to 1220 in, slopes are between 0 and 50%, and all aspect

directions (N, S, E, W) are equally represented (Appendix A).

Study stands are located within the Mixed-Conifer vegetation zone (Franidin and

Dyrness 1988) and the Southwest Oregon Mixed Conifer-Hardwood Forest wildlife-

habitat type (Chappell Ct al. 2001). However, this area also contains some characteristics

of the Westside Lowland Conifer-Hardwood Forest and Montane Mixed-Conifer Forest

habitat types (Chappell et al. 2001). Stand overstories are dominated by Douglas-fir, but
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Figure 2.1. Locations of six study blocks (represented by numbered circles) each
comprised of a clearcut, a commercial thin, and an uncut silvicultural treatment in the
Umpqua National Forest, southern Oregon Cascades.
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they also contain sugar pine (Pinus lambertiana), ponderosa pine (P. ponderosa),

incense-cedar (Calocedrus decurrens), and white fir (Abies concolor) (Chappell et al.

2001, Franklin and Dyrness 1988). Understory vegetation includes: manzanita

(Arctostaphylos spp), Oregon grape (Berberis spp.), salal (Gaultheria shallon), pacific

rhododendron (Rhododendron macrophyllum), beaked hazel (Corylus corn uta), vine

maple (Acer circinatum), trailing blackberry (Rubus ursinus), ceonothus (Ceonothus

spp.), and bracken fern (Pteridium aquilinum) (Chappell et aL 2001, Franklin and

Dyrness 1988). The soils are varied and diverse due to a complex geological history and

topography (Franklin and Dyrness 1988).

Weather in this region is characterized by cold, wet winters and hot, dry summers.

The average temperature in January is 2.1°C and in July it is 20.0°C. Average annual

precipitation is 10.06 cm, most of which falls between November and March (data

obtained from National Oceanic and Atmospheric Administration 1953-1993,

http://www.wrh.noaa.gov/Medfordlclimo/tokavgjfma.html).

Habitat Sampling

A 6 X 6 point grid with 10-rn spacing between gridpoints was randomly placed in

the interior of each stand (Figure 2.2). All grids were oriented up-slope and were? 20 rn

from the stand edge, roads, and surface water. All data were collected in or around these

grids.



Figure 2.2. Schematic of sampling grid and data collection locations on each stand.
Solid circles represent sampling gridpoints and dotted lines indicate transect search
locations.
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Microsite Conditions

OVERSTORY

Overstory measurements were recorded at each gridpoint across the study area

during summer 1999 (Figure 2.2). Percent canopy cover was estimated with a spherical

densiometer in the four cardinal directions and averaged. Trees> 5 cm dbh, average live-

tree diameter, and tree basal area were estimated per ha from trees selected with a wedge

prism (Avery and Burkhart 1994, Bruce 1961). A wedge prism with basal area factor

(BAF) of 20 (English) was used for clearcut and thinned stands and a BAF of 40

(English) was used for uncut stands.

Solar radiation was measured from 10 stacked sheets of light sensitive diazo paper

(Friend 1961) placed at each grid point for 24 hours over three consecutive days. Stands

were sampled during periods of no rain and relatively clear skies from 28 June to 1 July,

near the summer equinox to approximate maximum possible solar radiation. Mean

relative percent of maximum measured light was estimated from the number of bleached

pages, including partially bleached ones, following development in ammonia vapor using

the formula:

ioo.(u;s)

where, u represents the maximum number of bleached papers from packets placed in

areas of highest radiation exposure (i.e. clearcuts), and s is the number of bleached papers

from a sample point. The largest number of bleached pages within clearcuts was nine;

consequently nine was used for the u value.
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UNDERSTORY

Two perpendicular 6-rn line transects centered on each gridpoint, oriented

upsiope, and located 1 m above the ground were used to estimate cover of tall shrub (> 1-

m tall) and understory tree (< 5.0-cm dbh) layers (Figure 2.2). Total % cover was

determined from the summed length of the vegetation overlapping the 12 m of transect

and placed in six percent categories: 0-10, 11-25, 26-50, 51-75, 76-90, 91-100.

Dominant species were noted. Measurements were taken summer 1999.

Percent cover of herbs (plants < 1-rn tall) was visually estimated in 3-rn radius

circular plots (0.0028 ha) and assigned to one of the six percent categories noted above.

Dominant species were recorded. Herbs were sampled fall 1999 prior to die back.

DEAD WOOD

The same BAF prisms used to select live trees for sampling also were used to

sample snags. Dead trees? 0.5 rn in height and> 5-cm dbh were classified as snags and

those <0.5 m were classified as stumps. Snag measurements included diameter, height

class (0.5-1.5, 1.5-5.0, 5.0-15.0, >15-rn tall), decay class (1 = bark intact, wood sound; 2

= bark sloughing off, wood decomposing; 3 = bark mostly absent, wood rotten), and

when possible, species. The three decay-class system is a simplification of the five

decay-class system developed for downed wood by Franklin et al. (1981). Diameter was

measured on stumps located within the 0.0028-ha herb plots; species of stumps was not

recorded.

The two perpendicular line transects used for understory estimates also were used

to sample downed wood (Figure 2.2). Downed wood? 5-cm diameter at the point of



intersection with a transect was measured for diameter, length, % cover, and decay

condition (three classes). Volume and % cover estimates were adjusted for slope

(Harmon and Sexton 1996, Brown 1974, Van Wagner 1968). Dead wood was sampled

summer 1999.

FOREST FLOOR

Combined duflYlitter was measured to the nearest centimeter in three locations per

plot, each 1-rn diagonal of plot center (Figure 2.2). Litter was defmed as freshly cast

plant material, such as needles and leaves, on the forest floor surface and duff consists of

humus and fermentation layers between litter and mineral soil (Brown 1974). Dufl7litter

samples were collected fall 1999.

Stand Conditions

OVERSTORY, UNDERSTORY, AND DEAD WOOD

All overstory measurements (% canopy cover, live-tree diameter, tree basal area,

and solar radiation), understory measurements (shrub and herb % covers, dominant herb

and shrub species), snag measurements (diameter, height, and decay condition) and

downed wood (diameter, length, % cover, and decay condition) were averaged across the

36 gridpoints per stand to determine stand habitat conditions.
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FOREST FLOOR AND SOIL

Dufl7litter measurements were averaged across the 36 gridpoints per stand to

calculate stand level conditions. Additionally, soil cores were taken to determine bulk

density, soil organic matter, and soil texture at the stand scale. Two adjacent core

samples (190 cm2 each) were taken 25-cm upsiope from plot center (Figure 2.2) at each

of one randomly selected gridpoint in each of the six grid columns per stand (N = 12 core

samples per stand). One of the two gridpoint soil core samples was used to determine

soil bulk density. Bulk density is defmed as the mass of a unit volume of dry soil and it

frequently serves as a surrogate for soil compaction (Brady and Weil 1999). Bulk density

was determined by dividing the mass of the soil sample dried for 24 hours in an oven at

65.6° C by volume (Blake and Hartge 1986). Each of the remaining paired samples was

analyzed for organic matter content by loss-on-ignition at 550°C for 4 to 6 hours (Lim

and Jackson 1982), and particle size composition (soil texture) using the pipet method

(Gee and Bauder 1986). Soil samples were collected fall 1999 and analyzed winter and

spring 2000.

GEOPHYSICAL FEA TURES

Slope was measured with a clinometer at each gridpoint per stand and averaged to

quantify overall stand slope. Aspect was detennined for each grid column, averaged, and

converted to a heat load index using the following formula (Beers et al. 1966):

1
cos(O-45)

2



where 9 equals aspect in degrees east of north. This formula rescales aspect to a 0 to 1

scale, where northeast (0) is the coolest slope and southwest (1) is the warmest slope.

Stand elevations were taken from topographic maps.

Microclimatic Variables

Six weatherproof data collectors (Onset HOBO®) were distributed among the

three treatments in blocks 2 and 5 (Figure 2.1). Block 5 contained the highest elevation

stands (high block), whereas block 2 contained the lowest (low block). Data collectors

were placed 15 cm above ground just outside the grid where they recorded temperature

and relative humidity continuously at 15-minute intervals from spring through fall 1999.

One rain gauge was placed in an open area within each of the 18 stands to record

precipitation. Rain data were collected once daily during the 30-day fall 1999 trapping

session. Spring and summer 1999 rain data were collected bimonthly

Animal Sampling

Pitfall Traps

A single pitfall trap was placed within 2 m of each of the 36 grid points per stand

(N = 648) (Figure 2.2) adjacent to a natural drift fence, such as a downed log, if.available.

Traps were constructed of two #10 tin cans stacked and duct taped together to create a

cylinder with a solid bottom (Corn and Bury 1990). Holes were made in the base to limit

trap flooding. Cans were buried flush with the ground, and a bottomless cone-shaped

plastic tub was placed on the rim of each pitfall to impede escape by animals after capture
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(Corn and Bury 1990). Natural materials (e.g., wood, moss) were added to each pitfall to

shelter captured animals.

Pitfall traps were open for the same 28 consecutive days for all three stands within

a block and checked once daily. Blocks 1, 2, and 3 were open from 23 October to 19

November; blocks 4, 5, and 6 were open from 20 October to 16 November. Due to the

abundance of animals captured, arthropods were recorded only from 20 to 29 October

across all blocks. Gastropods and arthropods were sampled across all 28 days.

Gastropods were field identified to genus and arthropods were identified at least

to class. Gastropods and arthropods were released after capture between gridpoints.

Amphibians were identified to species, weighed, measured (total and snout-vent lengths),

and sexed when possible. Due to expected low recapture rates (Butts and McComb 2000,

Naughton et al. 2000), salamanders were not individually marked prior to release near the

point of capture. If a salamander mortality occurred, the individual was retained for

reproductive analysis.

Timed Area-Constrained Searches

Animal searches were performed on seven 50 X 1 -m strip transects positioned

between the vertical rows of the sampling grid (Figure 2.2). Salamanders and gastropods

were located by hand-searching bark piles, downed wood, litter, and other forest floor

objects within each transect (Corn and Bury 1990). No single object was searched for

more than five minutes and a total search time of 30 minutes was allotted per transect.

Snails and slugs were identified to genus or species and released halfway between two

gridpoints. When a salamander was encountered, the timer was suspended while the
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individual was identified to species, weighed, measured, sexed when possible, and

released halfway between two gridpoints.

The following information about the adjacent habitat was taken directly where the

specimen was found, as appropriate: soil pH (Kelway ® soil acidity and moisture meter

probe), air and soil temperatures (Fisher Scientific® digital thermometer), relative

humidity (Oakton digital® thermohygrometer), dimensions and type of cover object,

downed wood decay class (1 = sound, 2 decomposing, 3 rotten), and, duff plus litter

depths. The same measurements were then taken at the nearest gridpoint (remote habitat)

for a paired comparison.

Species Diversity and Richness

Species richness was taken as the number of gastropod and amphibian species

found in each stand. Species diversity was calculated using the exponential form of the

Shannon-Weiner function, N1 (Krebs 1999).

N =e'

where, e 2.71828 (base of natural log), H' = Shannon-Wiener function calculated with

base e log, and N1 = number of equally common species that would produce the same

diversity as H'. For these analyses, it was assumed that all Haplotrema captures were H.

vancouverense and all Vespericola captures were V. columbiana (Gordon 1994).

Arthropod data were not analyzed for species richness or diversity because they spanned

different taxonomic categories (class, order etc...).



Statistical Analysis

Treatment Differences

Two analytical approaches were used to test for differences in mean captures

across the three silvicultural treatments: randomized complete block analysis of variance

(ANOVA) and least square means multiple comparisons (PROC MIXED, LSMEANS)

(SAS Institute 1999). Treatment differences for mean number of gastropod and

amphibian captures were assessed for species with 20 captures; mean arthropod

captures were compared for orders with> 200 captures. Differences in body lengths and

weights across treatments were analyzed for salamanders only. Bonferroni adjusted p-

values were used for all treatment comparisons. For all ANOVAs, variables were

examined for constant variance, independence, and normality by examining normality

and residual plots (PROC UNTVARIATE; SAS Institute 1999). Both logarithmic and

square root transfonnations of variables were utilized when necessary to meet these

assumptions.

Because of the inherent variability associated with natural conditions, the alpha

level of significance was 0.1. The level of significance reduces the probability of

committing a Type II error, failure to reject the null hypothesis when it is false.

Habitat Associations

Multiple linear regressions were run on the most abundantly captured animals to

determine relationships between captures and forest habitat characteristics. Multiple

linear regressions were modeled from data taken from microsite scale (pitfall captures),
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stand scale (pitfall and transect captures), and microclimate (pitfall captures)

measurements. Ensatina and Haplotrema were analyzed at both micro site and stand

scales and for their relationship with microclimate variables. Crickets

(Gryllidae/Gryllacrididae) and grasshoppers (Acrididae) captured in pitfalls and

Vespericola captured during transect searches were analyzed only at the stand level.

Akaike's Information Criterion (ATC) model selection technique was then used to

identify the most important regression models modeling the relationships between

animals and forest habitat characteristics (PROC GENMOD; SAS Institute 1999).

Akaike's Information Criterion is an extension of the likelihood theory and is based on

the relative distance measured between some unknown truth and the approximating

model (Burniham and Anderson 1998).

Explanatory variables used in the micro site regression analysis (N 648

gridpoints) included: tree basal area; % shrub, herb, and canopy covers; volumes of

downed wood in decay classes 1, 2, and 3; duflYlitter depth; and aspect. Because of the

total large number of potential explanatory variables taken at the stand scale (N = 14)

relative to the number of stands (N 18 stands), variable reduction occurred through

preliminary analysis of variable categories. Explanatory variables initially were analyzed

in four groups (vegetation, downed wood, forest floor and soil, and geophysical features)

using multiple linear regression. Variables with the highest AIC weight sums from each

of the group analyses (see below) were retained, then analyzed in combination. This

process resulted in a unique set of explanatory variables used in the final analysis for

each species (Appendix B). The complete list of fmal variables included: mean stand

values for tree basal area; % shrub, herb, and canopy covers ; volumes of downed wood
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decay classes 1, 2, and 3; % organic matter; % coarse particle; % fine sediment; soil bulk

density; duff/litter depth; slope; aspect; and elevation. Daily minimum and maximum

relative humidity, minimum and maximum temperature, and precipitation were the

explanatory variables used in the microclimate assessment (N 30 days).

The Akaike's Information Criterion was used to select the 'best model' set (see

below) for each response variable (Burnham and Anderson 1998). At the stand scale and

microclimatic assessment, a second-order bins adjustment term 'c' was included when

calculating AIC values (AICc) to compensate for small sample size. Candidate models

were determined by generating all possible subset models, but limiting the number of

model parameters to four at the microsite scale, three at the stand scale, and five for the

microclimate analysis. Model parameters were limited to restrict the number of

candidate models; ideally, the number of models considered should be smaller than the

sample size to avoid over-fitting the data (Bumham and Anderson 1998). The ratio of

number of candidate models to sample size was 291 :648 at the microsite scale, 129:18 at

the stand scale, and 16:30 for the microclimate assessment. Because of the high number

of models to sample size at the stand scale, this analysis is considered exploratory.

Highly correlated explanatory variables (r2> 0.7) were excluded from the same model to

avoid multicollinearity and subsequent loss of precision (Ramsey and Schafer 1997).

All candidate models were run and AIC values were calculated (PROC GENMOD, SAS

Institute 1999). From this information, the distance between the AIC value (s,) of the

candidate model and the model having the lowest AIC value was computed:

A1 =AIC, minAIC
where, miii AIC isthe smallest AIC value.

Then the normalized Akaike weight (w1) for each candidate model was calculated:
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where, r is any one model in R set of models, and e = 2.71828 (base of natural log).

The 'best model' subset, models that best approximate these data, included all

models with (, <2 (microsite scale) and L <4 (stand scale and microclimate

assessment). The larger i\, 4 value reflects the need to adjust (widen the acceptable

parameters) for small sample sizes relative to number of candidate models at the stand

scale and in the microclimate assessment (Bumham and Anderson 1998).

To estimate the importance of a specific variable to an animal species or group,

Akaike weights of all candidate models that included that variable were summed; these

values are here defined as weight sums. When necessary, weight sums were standardized

to account for the unequal occurrence of variables in different numbers of models using

the following formula:

Adjusted weight sum = (total no. of models/no. of models with variable)*
(1/no, of variables)* w,

where, w1 = Akaike weight.

Without standardization, a variable present in more candidate models may have a higher

weight sum than a variable present in fewer candidate models, regardless of its actual

influence. For ease in interpretation, weight sums for variables in each best models

subset were adjusted to sum to 1; this was accomplished by dividing individual weight

sums by the sum of all weight sums.

Assumptions of normality, constant variance, and independence were assessed

from scatter plots, standardized residual plots, and Chi-square goodness-of-fit tests. To
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meet these assumptions, microsite regressions were run with a Poisson distribution and

an overdispersion parameter (Burnham and Anderson 1998). All downed wood volume

parameters were log transformed. Stand scale and microclimate regressions were run

assuming a normal distribution; precipitation and all response variables were log

transformed.

RESULTS

Stand Characteristics

Most live tree attributes and snag characteristics were highest in uncut stands,

lowest in clearcuts, and intermediate in commercially thinned stands (Table 2.1). Herb

cover was highest in clearcuts but shrub cover did not differ across treatments. Uncut

stands contained larger downed wood and higher volumes of well-decayed (decay class

3) downed wood than either thinned or clearcut stands. There were no detectable

differences in any of the forest floor or soil characteristics among treatments (Table 2.1).

During the period 20 May to 20 November 1999, clearcut stands experienced the

most extreme and variable microclimatic conditions; uncut stands experienced the least

(Table 2.2). Measured rainfall during the 30-day trapping session from 20 October to 19

November was not significantly different between treatments (F2,475 = 0.12, p = 0.884).
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Table 2.1. Means and standard errors (SE) of stand characteristics under three silvicultural treatments in mixed-conifer forest in SW
Oregon. P -values are the results from Least Squares Means analyses with Bonferroni adjustment. N = six stands per treatment.
Significant differences were assumed if P 0.1 (shown in bold font). Variables are explained in text.

Stand Characteristics

Clearcut (CC) Thin (TH) Uncut (UC) P-values

Mean SE Mean SE Mean SE CC vs. TH CC vs. UC TH vs. UC
GEOPHYSICAL:
Slope (%) 24.6 6.080 22.3 5.343 26.6 4.937 1.000 1.000 1.000
Aspect (0 to 1) 0.5 0.143 0.6 0.165 0.5 0.122 1.000 1.000 1.000
Elevation(m) 1021.1 36.703 1016.0 44.286 1071.9 48.140 1.000 0.424 0.330
LIVE TREES (>5 cm dbh):

Basalarea(m2/ha)1 0.1 0.051 31.1 1.748 61.7 4.696 <0.001 <0.001 <0.001
Trees (#Iha) 26.6 14.732 192.0 44.546 595.9 98.579 0.271 <0.001 0.003
Dbh(cm) 0.1 0.067 75.6 7.174 81.6 4.641 <0.001 <0.001 1.000
Quadraticmeandiameter(cm) 0.1 0.066 61.6 5.756 56.4 3.225 <0.001 <0.001 1.000
Stand density index 1.4 0.653 184.7 12.569 390.7 32.467 <0.001 <0.001 <0.00 1
Relative density 0.0 0.001 0.3 0.021 0.7 0.054 <0.001 <0.00 1 <0.001
Relative shade (%) 12.7 0.719 26.7 2.268 35.3 1.209 <0.001 <0.001 0.008
Canopy(%) 1.0 0.570 67.3 2.613 88.5 1.026 <0.001 <0.001 <0.001

Speciesdiversity(1/D)'2 0.0 0.000 1.3 0.102 2.3 0.232 <0.001 <0.001 0.001
UNDERSTORY:
Shrub (%) 10.1 0.643 20.8 6.471 16.9 5.030 0.253 0.750 1.000
Herb (%) 70.4 3.169 59.3 5.497 50.8 6.599 0.347 0.038 0.65 5



Table 2.1. (Continued)

Stand Characteristics

Clearcut (CC) Thin (Til) Uncut (UC) P-values

Mean SE Mean SE Mean SE CC vs. TH CC vs. UC Til vs. UC
SNAGS:

Basal area (m2/ha)1 0.8 0.385 3.3 0.740 9.4 2.310 0.040 <0.001 0.043
Trees (#/ha) 21.2 12.486 54.0 19.974 157.3 40.126 1.000 0.011 0.051
Decay class (1-3) 1.8 0.479 1.6 0.102 2.4 0.172 1.000 1.000 1.000

Snag volume (m3lha)' 1.2 1.104 21.7 10.818 73.6 55.104 0.117 0.012 0.607
STUMPS:

Basal area (m2/ha) 103.4 6.352 57.6 12.609 8.3 3.828 0.010 <0.001 0.006

Trees (#/ha)2 404.5 71.687 288.2 30.409 32.8 7.888 0.841 <0.001 <0.001
DOWNED WOOD:

Total volume (m3/ha) 153.5 41.504 178.0 34.007 189.4 27.491 1.000 1.000 1.000

Decay 1 (m3lha) 32.7 18.126 74.2 22.492 40.6 20.284 0.543 1.000 0.8 14

Decay 2 (m3/ha) 71.7 17.273 35.7 8.113 27.9 6.061 0.157 0.069 1.000

Decay 3 (m3/ha) 49.0 16.390 68.1 24.111 120.8 25.584 1.000 0.085 0.269
Decay class (1-3) 2.1 0.099 2.1 0.099 2.2 0.094 1.000 1.000 1.000
Diameter (cm) 11.7 0.640 14.6 1.387 16.1 1.086 0.070 0.007 0.573
Length (m) 252.0 38.592 611.6 125.611 816.3 88. 161 0.058 0.004 0.433
Cover (%) 0.1 0.019 0.1 0.009 0.1 0.009 1.000 0.959 1.000



Table 2.1. (Continued)

2 of the Simpson's index (Krebs 1999)

Clearcut (CC) Thin (TH) Uncut (UC) P-values

Stand Characteristics Mean SE Mean SE Mean SE CC vs. TB CC vs. UC TB vs. UC
SOIL AND FOREST FLOOR:
Organic matter (%) 24.8 2.529 22.4 1.269 20.5 0.800 0.710 0.144 1.000
Coarse particle (%) 32.9 1.909 29.7 5.328 31.3 4.449 1.000 1.000 1.000
Mediumparticle(%) 51.9 3.342 50.5 3.183 49.5 2.508 1.000 1.000 1.000
Fine particle (%) 48.1 3.350 49.5 3.186 50.5 2.506 1.000 1.000 1.000

Compaction (g/cm3) 0.8 0.079 0.8 0.052 0.8 0.057 1.000 1.000 1.000
Duffandlitterdepth(cm) 4.6 1.187 5.2 0.812 7.4 0.988 1.000 0.182 0.377
'natural log transformed for analysis



Table 2.2. Daily means (N = 184) and standard errors (SE) of weather data recorded with HOBO data collectors 20 Mayto 20
November 1999 from low (790 m) and high (1220 m) elevation stands from each of the three silvicultural treatments (clearcut, thin,
uncut) within blocks 2 and 5, respectively. Weather variable means associated with different superscript letters within a row are
significantly different at P <0.1.

Weather variables
High Low

Clearcut Clearcut
Clearcut

Mean
High
Thin

Low
Thin

Thin
Mean

High
Uncut

South
Uncut

Uncut
Mean

MeanTemp(°C) 13.8 16.1 14.9a 13.4 14.6 140ab
12.4 14.0 132b

(SE) (0.40) (0.37) (0.39) (0.38) (0.34) (0.36) (0.37) (0.33) (0.35)
Mm. Temp (°C) 3.8 5.0 44a 7.6 7.5 75E

8.4 8.0 8.2"
(SE) (0.27) (0.27) (0.27) (0.30) (0.27) (0.29) (0.33) (0.27) (0.30)
Max. Temp (°C) 26.7 33.2 29.9a 21.4 27.3 24.3" 16.9 22.5 19.7'
(SE) (0.71) (0.72) (0.72) (0.55) (0.62 (0.59) (0.46) (0.54) (0.50)
Mean relative humidity (%) 70.6 65.6 68.la 69.7 67.6 68.D 68.9 72.3 70.6a

(SE) (1.41) (1.28) (1.35) (1.52) (1.45) (1.49) (1.72) (1.33) (1.53)
Mm. relative humidity (%) 36.7 24.2 30.5a 42.3 32.0 372b

49.6 45.8 477c

(SE) (1.94) (1.55) (1.74) (1.98) (1.94) (1.96) (2.08) (2.04) (2.06)
Max. relative humidity (%) 95.6 96.0 95.8a 89.0 90.9 90" 84.0 90.4 87.2"
(SE) (0.84) (0.92) (0.88) (1.19) (1.02) (1.11) (1.46) (0.85) (1.15)



Treatment Differences

Pitfall Trapping

AMPHIBIANS

Of the 212 amphibians captured in pitfall traps, most were found in uncut stands

and the least number were found in clearcuts (Table 2.3, Figure 2.3a) Amphibian

species richness was greatest in uncut stands (Figure 2.3c), but species diversity did not

differ among the three treatments (Table 2.3). Ensatina (Ensatina eschscholtzii), the most

common salamander in the study, was most frequently captured in thinned stands (Figure

2.3f). Average ensatina snout-vent length and weight did not differ, however, among

treatments (Table 2.3). Nineteen of the 20 northwestern salamanders (Ambystoma

gracile) were captured in uncut stands.

GASTROPODS

A total of 202 gastropods were captured in pitfall traps. More than half of the

specimens consisted of snails of the genus Haplotrema. Other abundant gastropods

included snails of the genus Vespericola, and the reticulated tail-dropper slug

(Prophysaon andersoni). Haplotrema were less frequently found in clearcut stands than

in thinned stands (Table 2.3, Figure 2.3g), and 14 of 15 banana slugs (Ariolimax

columbianus) were located in uncut stands. There was no detectable difference in

Vespericola captures among treatments (Figure 2.3b). Snails and slugs collectively were
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Table 2.3. Amphibian, gastropod, and arthropod captures under three silvicultural treatments (clearcut, thin, uncut) in SW Oregon
mixed-conifer forest. Mean values (± SE) represent the number of individuals captured in 36 pitfall traps per stand (10-rn spaced
square grid) over 28 consecutive days (1008 trap nights) and four transect searches per stand (50 X 1-rn area) averaged across
six stands per treatment (n = sample size). Within row means with different superscript letters are different, P 0.1. Means without
letters were not tested for differences due to small sample sizes.

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE n Mean SE n Mean SE n
PITFALL TRAPS
AMPHIBIANS

Total1 6.2a 2.83 37 117ab
1.48 70 17.5" 4.43 105 212 100.0

Species richness (no. of species)1 2.2a 0.41 18 1.7a 0.21 18 3.5" 0.34 18

Species diversity (N1)3 1.5a 0.50 18 1.2a 0.25 18 2.3a 0.31 18

SALAMANDERS

Ensatina1

Ensatina eschscholtzii 37a
1.78 22 10.7" 1.65 64 ll.7 4.56 70 156 73.6

Snout-vent-length(mm)2 54.2a 3.72 22 50.2a 1.03 64 494a
1.16 70

Weight(g)2 4.2a 1.08 22 2.9a 0.17 63
35a 0.54 70

Northwestern salamander

(Ambystomagracile) 0.2a 0.17 1 0.00 0 3.2a 1.05 19 20 9.4
Rough-skinned newt
(Taricha granulosa) 1.3 0.95 8 0.2 0.17 1 1.2 0.83 7 16 7.5

Clouded salamander
(Aneidesferreus) 0.5 0.34 3 0.3 0.33 2 0.7 0.33 4 9 4.2



Table 2.3 (Continued)

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE n Mean SE n Mean SE n
Pacific giant salamander

(Dicamptodon tenebrosus) 0.0 0.00 0 0.0 0.00 0 0.2 0.17 1 1 0.5
FROGS

Pacific treefrog
(Pseudacris regilla) 0.5 0.34 3 0.2 0.17 1 0.5 0.22 3 7 3.3

Cascades frog
(Rana cascadae) 0.0 0.00 0 0.2 0.17 1 0.2 0.17 1 2 0.9

Tailed frog
(Ascaphustruei) 0.0 0.00 0 0.2 0.17 1 0.0 0.00 0 1 0.5

GASTROPODS

Total2 4.Oa 2.48 24 143b 4.53 86 15.3" 2.36 92 202 100.0

Species richness (no. of species) 1.3a 0.61 18 2.7' 0.21 18 3.2' 0.48 18

Species diversity (N1)3 0.9k' 0.58 18 2.1a 0.18 18 2.5" 0.47 18

SNAILS

Haplotrema vancouverense 2.Oa 1.13 12 10.7" 3.66 64 8.5t1 2.77 51 127 62.9
Vespericola columbiana 1 Ø7a 0.49 4 1.7a 0.56 10 37a 1.08 19 33 16.3
Ancotrema spp. 0.0 0.00 0 0.0 0.00 0 0.2 0.17 1 1 0.5

SLUGS

Reticulated tail dropper1

(Prophysaonandersoni) 1.Oa 0.82 6 1.8a 0.54 11 1.Oa 0.37 6 23 11.4



Table 2.3. (Continued)

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE n Mean SE n Mean SE n
Banana slug

(Ariolimax columbianus) 0.2 0.17 1 0.0 0.00 0 2.3 1.20 14 15 7.4
Blue-gray tail dropper

(Prophysaon coeruleum) 0.2 0.17 1 0.2 0.17 1 0.2 0.17 1 3 1.5
REPTILES

Western fence lizard
(Sceloporus occidentalis) 0.7 0.49 4 0.0 0.00 0 0.0 0.00 0 4 100.0

ARTHROPODS

Total 180.oa 25.05 1080 196.D 26.45 1180 183.5a 31.03 1101 3361 100.0

Cricket2

(Gyllidae/Gryllacrididae) 16.5a 303 99 948b 20.78 569 985b 22.36 591 1259 37.5
Spider

(Araneae) 65.2a 17.95 391 50.2a 9.42 301 48.7a 9.56 292 984 29.3
Beetle

(Coleoptera) 42.3a 9.90 254 265ab
6.03 159

205b
5.21 123 536 15.9

Grasshopper1

(Acrididae) 27.Oa 9.44 162 9.8' 3.23 59
27b

1.54 16 237 7.1

Millipede1

(Diplopoda) 23.58 10.04 141
70b 2.35 42 85ab 2.55 51 234 7.0



Table 2.3. (Continued)

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE n Mean SE n Mean SE n
Ant

(Hymenoptera) 3.2 1.47 19 6.2 2.29 37 2.2 1.08 13 69 2.1

Centipede
(Chilopoda) 1.5 0.43 9 0.7 0.33 4 1.2 0.31 7 20 0.6

Caterpillar
(Lepidoptera) 0.3 0.21 2 0.8 0.54 5 0.7 0.33 4 11 0.3

Sow bug
(Malacostraca) 0.0 0.00 0 0.2 0.17 1 0.2 0.17 1 2 0.1

Wasp
(Hymenoptera) 0.2 0.17 1 0.0 0.00 0 0.2 0.17 1 2 0.1

Bee
(Hymenoptera) 0.2 0.17 1 0.0 0.00 0 0.0 0.00 0 1 0.0

Moth
(Lepidoptera) 0.0 0.00 0 0.0 0.00 0 0.2 0.17 1 1 0.0

Unknown 0.2 0.17 1 0.5 0.34 3 0.2 0.17 1 5 0.1

TRANSECT SEARCHES
SALAMANDERS

Total salamanders a0.5 0.50 3
a

1.3 0.49 8
a1.3 0.42 8 19 100.0

Ensatina'
(Ensatina eschscholtzii) 0.5a 0.50 3 1.3a 0.49 8 1.2a 0.40 7 18 94.7

Clouded Salamander
(Aneidesferreus) 0.0 0.00 0 0.0 0.00 0 0.2 0.17 1 1 5.3



Table 2.3. (Continued)

2natural log-transformed for analysis

3Shannon diversity index (Krebs 1999)

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE ii Mean SE n Mean SE n
GASTROPODS

Total gastropods1 6.8a 2.36 41
55a

1.28 33 93a 2.16 56 130 100.0

Species richness (no. of species) 2.sa 0.43 18 2.3a 0.21 18 2.5a 0.34 18

Species diversity (N1)3 2.Oa 0.49 18 2.Oa 0.19 18 2.3a 0.28 18

Haplotrema1 3.2a 0.83 19
35a 0.96 21 5Øa 1.75 30 70 53.8

Vespericola' 2.Oa 1.24 12 1.2a 0.40 7 37a 0.80 22 41 31.5
Reticulated tail dropper

(Prophysaon andersoni) 0.5 0.34 3 0.8 0.31 5 0.2 0.17 1 9 6.9
Blue-gray tail dropper

(Prophysaon coeruleum) 0.5 0.34 3 0.0 0.00 0 0.3 0.33 2 5 3.8
Pacific side band

(Monadeniafidelisfidelis) 0.7 0.67 4 0.0 0.00 0 0.0 0.00 0 4 3.1
Ancotrema spp. 0.0 0.00 0 0.0 0.00 0 0.2 0.17 1 1 0.8
1square root transformed for analysis
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Figure 2.3. Means (and standard errors) of amphibian, gastropod, and arthropod pitfall
captures from 18 stands in SW Oregon mixed-conifer forest represented in three
silvicultural treatments: clearcut, commercial thin, and uncut. P-values are derived from
two-way ANOVA analysis. Treatments means were compared using least square means
multiple
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comparisons; different subscript letters
are referred to in Discussion section.
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Figure 2.3 (Continued)
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most abundant in uncut and thinned stands (Figure 2.3d) and gastropod species richness

and diversity were higher in uncut than in clearcut stands (Table 2.3).

ARTHROPODS

Crickets (family Gryllidae/Gryllacrididae), spiders (subclass Araneae), beetles

(order Coleoptera), grasshoppers (family Acrididae), and millipedes (class Diplopoda)

comprised the majority of the 3,361 arthropods captured in pitfall traps (Table 2.3).

There were no differences in the mean number of arthropods observed across silviculture

treatments. Crickets were the most abundant arthropod captured and were less prevalent

in clearcuts than in thinned or uncut stands (Figure 2.3e). Beetles, grasshoppers, and

millipedes tended to increase with the severity of harvest (Figure 2.3h, i, and j). Spider

numbers did not vary with treatment although species differences were not addressed.

Transect Searches

Transect searches resulted in 130 gastropod and 19 salamander captures (Table

2.3). There were no detectable differences in overall gastropod abundance, gastropod

species richness and diversity, overall amphibian abundance, or individual species

abundance across the three treatments (Table 2.3).
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Habitat Associations

Microsite Scale

AMPHIBIANS

Examination of ensatina microsite relationships yielded eight best regression

models within L 2 (Appendix B-a). Percent herb cover, found in all eight models, was

negatively correlated with ensatina captures, while canopy cover was positively

correlated with ensatina captures (Table 2.4a). Basal area and slope had weak, positive

correlations.

Only 19 salamanders were captured during transect searches, and air temperature

was the only adjacent habitat variable with sufficient data to examine. The adjacent air

temperature, taken at salamander capture point, ranged from 7 to 13.4° C (Figure 2.4) and

had a narrower span than the remote air temperature, taken at the nearest gridpoint, which

ranged from 4.9 to 18.7°C. Eighty-nine % of salamanders captured were associated with

downed wood, 11% with duff/litter.

GASTROPODS

There were 16 pitfall regression models within 4 for Haplotrema at the

microsite scale (Appendix B-b). Shrub cover occurred in all 16 models and canopy cover

occurred in nine models; they were the most significant explanatory variables (Table

2.4b). Haploirema was positively correlated with both canopy and shrub cover.
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Microsite scale (pitfall)
Total no. of models run: 291
No. of models within AIC , 2: 6
Sample size: 156

Variable

69

Table 2.4. Multiple linear regression results for Ensatina salamander, Haplotrema and
Vespericola snails, crickets, and grasshoppers in relation to habitat characteristics.
Variables, range of parameter estimates, and weight sums for variables occurring in the
best models subset based on the Akaike's Information Criterion (Burnham and Anderson
1998) are presented for micro site, stand, and microclimatic assessments.

Variable
Estimate

range
Weight Number of final

sums models with this variable

% canopy cover 0.012 - 0.0 16 0.25 5

% shrub cover 0.013-0.017 0.23 6

% slope -0.023 - (-0.0 16) 0.14 4

Tree basal area (m2fha) 0.012 0.13

% herb cover 0.008-0.011 0.10 3

Dufl7litter (cm) 0.042 - 0.048 0.09 3

Down wood decay 2 (m3/ha) 1.115-1.122 0.05 2

% canopy cover 0.008 0.24 4

% herb cover -0.01 - (-0.008) 0.23 8

Tree basal area (m2/ha) 0.008 - 0.009 0.19 4

% slope 0.012 - 0.0 13 0.15 6

Down wood decay I (m3/ha) 0.908 - 0.919 0.13 4

Down wood decay 3 (m3/ha) 1.048 - 1.054 0.07

ENSATINA a

Estimate Weight Number of final

range sums models with this variable

HAPLOTREMA b

Microsite scale (pitfall)
Total no. of models run: 291
No. of models within AIC A, 2: 6
Sample size: 127



Table 2.4 (Continued)

Variable
Duff7litter (cm)
% herb cover
Soil bulk density (g/cm3)
Tree basal area (m2fha)
Down wood decay 3 (m3/ha)

Soil organic matter (%)
Soil coarse particle (%)

% shrub cover
Soil fine particle (%)

Estimate
range

0.145 - 0.240
-0.042 - (-0.021)
0.852 - 3.194
0.005 - 0.009
0.998 - 1.005
-0.0 16 - 0.064
0.005 - 0.015
-0.006 - 0.0 14
-0.035 - 0.0 12

Weight
sums
0.27
0.22
0.11

0.09
0.08
0.06
0.06
0.05

0.05

Number of final
models with this variable

19

16

6

4

4

4

3

4

3

Stand scale (transect)
Total no. of models run: 42
No. of models within AIC L, 4: 16
Sample size: 18

Variable
Down wood decay 1 (m3fha)

Down wood decay 2 (m3/ha)
Tree basal area (m2fha)
Down wood decay 3 (m3/ha)
% herb cover
% shrub cover

* Null model was 'best' model
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Estimate
range
0.996

Weight Number of final
sums models with this variable
0.24 5

0.994 - 0.995 0.22 6

0.003 - 0.009 0.17 4

1.002 0.14 3

0.002 - 0.01 0.11 3

-0.007 - 0.003 0.11 3

ENSATINA c

Stand scale (pizfall)

Total no. of models run: 129
No. of models within AIC Lx., 4: 27

Sample size: 156

ENSATINA* d



Table 2.4 (Continued)
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No. of models within AIC A 4: 10
Sample size: 70

Estimate Weight Number of final

Variable range sums models with this variable

Soil coarse particle (%) 0.034 - 0.037 0.41 10

Tree basal area (m2lha) 0.006 -0.011 0.18 2

Down wood decay 2 (m3/ha) 1.002 - 1.007 0.12 2

Down wood decay 1 (m3lha) 1.002 0.05 1

Soil bulk density (g/cm3) 0.311 0.05 1

% herb cover -0.005 0.05 1

soil fme particle (%) 0.007 0.05 1

Duff/litter (cm) 0.023 0.05 1

Soil organic matter (%) -0.0 14 0.04 1

HAPLOTREMA e

Stand scale (pitfall)
Total no. of models run: 93
No. of models within AIC A 4: 19
Sample size: 127

Estimate Weight Number of final

Variable range sums models with this variable

Tree basal area (m2fha) 0.0 15 - 0.028 0.27 14

Down wood decay 1 (m3/ha) 1.008-1.302 0.22 10

Dufi7litter (cm) 0.106-0.296 0.16 7

Down wood decay 2 (m3fha) 1.010-1.013 0.09 3

% shrub cover 0.013 - 0.030 0.08 3

Down wood decay 3 (m3lha) 0.993 - 1.006 0.07 4

% herb cover 0.013-0.015 0.06 2

Soil bulk density (g/cm3) 0.594 0.06 1

HAPLOTREMA f

Stand scale (transect)
Total no. of models run: 130



Table 2.4 (Continued)
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VESPERICOLA g

Stand scale (transect)
Total no. of models run: 130
No. of models within AIC A 4: 12
Sample size: 41

Estimate Weight Number of final

Variable range sums models with this variable

Dufi7litter (cm) 0.079 - 0.283 0.42 12

Soil organic matter (%) '-0.072 - (-0.045) 0.22 8

Soil fine particle (%) 0.0 16 - 0.023 0.08 2

Down wood decay 3 (m3fha) 0.996 0.06 1

% shrub cover -0.0 12 0.05

Soil bulk density (g/cm3) 0.348 - 0.751 0.05 2

Tree basal area (m2/ha) 0.00 1 - 0.004 0.04 2

% herb cover 0.007 0.04 1

Soil coarse particle (%) -0.005 0.04 I

CRICKET h

Stand scale (pitfall)
Total no. of models run: 42
No. of models within AIC Lx., 4: 7

Sample size: 1259
Estimate Weight Number of final

Variable range sums models with this variable

Tree basal area (m2/ha) 0.02 1 - 0.027 0.27 6

Down wood decay 1 (m3/ha) 1.004 - 1.009 0.22 4

Down wood decay 3 (m3/ha) 1.005 - 1.009 0.18 2

Down wood decay 2 (m3/ha) 0.983 - 0.995 0.17 2

% shrub cover 0.025 - 0.032 0.16 3



Table 2.4 (Continued)
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GRASSHOPPER I

Stand scale (pitfall)
Total no. of models run: 42
No. of models within AIC A 4: 8
Sample size: 237

Estimate Weight Number of final

Variable range sums models with this variable

Tree basal area (m2/ha) -0.034 - (-0.027) 0.40 7

Down wood decay 3 (m3fha) 0.987 - 0.993 0.28 6

Down wood decay 2 (m3fha) 1.009-1.018 0.11 2

% shrub cover -0.026 - (-0.012) 0.09 2

% herb cover -0.015 0.07 1

Down wood decay I (m3/ha) 0.999 0.05 1

ENSATINA J

Microclimate assessment (pitfall)

Total no. of models run: 16
No. of models within AIC A 4: 3
Sample size: 156

Estimate Weight Number of final

Variable range sums models with this variable

Maximum relative humidity (%) 0.021 - 0.025 0.52 2

Rain (mm) 1.742-2.010 0.39 3

Minimum temperature (°C) 0.04 1 0.09 1

HAPLOTREMA k

Microclimate assessment (pitfall)

Total no. of models run: 16
No. of models within AIC /, 4: 6
Sample size: 127

Estimate Weight Number of final

Variable range sums models with this variable
Maximum relative humidity (%) 0.035 - 0.043 0.38 3

Minimum temperature (°C) 0.092 - 0.153 0.27 5

Minimum relative humidity (%) 0.027 - 0.044 0.24 2

Rain (mm) 1.012 - 1.033 0.07 2

Maximum temperature (°C) -0.118 0.05 1
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Figure 2.4. Air temperature at salamander capture point (adjacent habitat) and at the
nearest grid point (remote habitat) obtained during transect surveys. X-axis represents
captured salamanders organized by increasing temperature outside habitat.
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Stand Scale

AMPHIBIANS

Examination of ensatina stand relationships (pitfall data) resulted in 27 models

with <4 (Appendix B-c). Combined dufl7litter depth, positively correlated, and herb

cover, negatively correlated, were the most influential variables explaining ensatina

captures (Table 2.4c).

The best regression model for ensatina captured with transect searches was the

null model (Y = no X variables)(Appendix B-d, Table 2.4d). These regression results

indicated that a model with no explanatory (habitat) variables explained ensatina captures

as effectively as models that included habitat variables. The resulting weight sums,

therefore, were not accurate reflections of ensatina abundance.

GASTROPODS

There were 19 pitfall regression models with , 4 for Haplotrema (Appendix B-

e). Basal area occurred in the majority of models and it surfaced as the most influential

explanatory variable (Table 2.4e). Haplotrema was positively correlated with basal area,

decay class 1 downed wood, and duflYlitter depth.

Transect searches resulted in ten regression models with f, 4; all contained the

coarse particle variable (gravel) (Appendix B-f, Table 2.41). Haplotrema was positively

correlated with % coarse particle, basal area, and decay class 2 downed wood.
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Transect searches for Vespericola produced 12 regression models with A1 4 at

the stand scale (Appendix B-g). Duffllitter depth was present in all best models and it

had the greatest positive influence on Vespericola captures (Table 2.4g). Captures were

negatively correlated with organic matter.

ARTHROPODS

Seven cricket regression models (pitfall data) had A, 4 AIC value of each other

(Appendix B-h). Six of the seven models contained tree basal area, the most significant

explanatory variable (Table 2.4h). Crickets were positively correlated with basal area,

downed wood decay class 1 and 3, and shrub cover. They were negatively correlated

with downed wood decay class 2.

Eight grasshopper regression models (pitfall data) had A1 4 (Appendix B-i).

Tree basal area was the most important explanatory variable (Table 2.4i) occurring in

seven of the eight models. Grasshoppers were negatively correlated with basal areaand

downed wood decay class 3.

Microclimate

The first week of pitfall trapping was characterized by dry, hot days with no

precipitation; no gastropods or amphibians were encountered during this period (Figures

2.5 and 2.6). Three ensatina regression models with A 4 surfaced for weather variables

(Appendix B-j). Daily maximum relative humidity, rainfall, and minimum temperature

were all positively correlated with ensatina captures, although the minimum temperature

was weakly correlated (Table 2.4j).
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Figure 2.5. Total ensatina salamander captures versus mean daily weather conditions
during fall 1999 pitfall trapping on 18 stands in the Umpqua National Forest, Oregon.
Only half of the traps (N 324) were open the first and last three days. Mm minimum,
Max = maximum, RH relative humidity.
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Figure 2.6. Jotal Haplotrema snail captures versus mean daily weather conditions during
fall 1999 pitfall trapping on 18 stands in the Umpqua National Forest, Oregon. Only half
of the traps (N= 324) were open the first and last three days. Mm minimum, Max
maximum, RH = relative humidity.
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Haplotrema captures peaked on 6 November. Haplotrema pitfall captures

analyzed with microclimatic data resulted in six regression models with ., 4 (Appendix

B-k). Daily maximum and minimum relative humidity, and minimum temperature were

the most influential explanatory variables; all had positive effects (Table 2.4k).

DISCUSSION

Three distinct silvicultural stand conditions located in the southern Oregon

Cascades were analyzed for their animal habitat relationships. In many respects, the

three treatments (clearcuts, commercial thins, and uncut stands) represented a continuum

of stand conditions, with clearcut and uncut stands stationed at opposite ends of the

spectrum. Because of the structural and biological differences created by the three

silvicultural treatments studied, it is not surprising that small ground-dwelling animals

were impacted differently by the stand conditions encountered. Six general capture

patterns that appeared, relative to stand treatment, are discussed in the following

paragraphs.

Trend 1: Negative Relationship with Increasing Harvest Intensity.

Total amphibian captures (Figure 2.3 a), gastropod species richness, gastropod

diversity, and Vespericola snail captures (Figure 2.3b) all followed this trend. These

results suggest that amphibians and gastropods, as groups, are sensitive to timber

removal, especially clearcutting. These fmdings are consistent with those of other

researchers (Harpole and Haas 1999, Herbeck and Larsen 1999, Petranka et al. 1994,
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Welsh and Lmd 1991, Raphael 1988, Welsh and Lind 1988, Helle and Muona 1985,

Pough et al. 1987, Bury 1983).

Amphibian and gastropod susceptibility to desiccation may limit their presence in

harvested stands due to the more extreme environmental conditions encountered there

than in intact stands. The reduction of canopy cover in thinned and clearcut stands

increased light intensity (Table 2.1), raised ambient temperature, and reduced relative

humidity (Table 2.2) creating a less hospitable environment for amphibians and

gastropods than in intact stands. Thinned stands had intermediate microclimate

conditions compared to clearcut and uncut stands, which may explain why captures were

similarly intermediate.

Downed wood, a common microhabitat structure utilized by both amphibians and

gastropods (Butts and McComb 2000, Caldwell 1993, Corn and Bury 1991), buffers

animals from temperature and humidity fluctuations (Blessing et aL 1999). Well-decayed

wood is especially valuable because it holds more moisture than less-decayed wood

(Maser and Trappe 1984), it provides important refuge for amphibians and gastropods

during hot, dry periods. Well-decayed downed wood (decay class 3), however, was also

negatively impacted by timber harvest (Table 2.1), effectively reducing available

amphibian and gastropod habitat.

Soil duff/litter also provides important habitat for amphibians and gastropods

(Aubry 2000, Corn and Bury 1991, Gilbert and Allwine 1991b, Pough et al. 1987, Mason

1970b, Heatwole 1962). Although significant differences were not found across

treatments, there were depressed duff7litter depths in harvested stands in relation to intact

stands (Table 2.1) and regression analysis showed that Vespericola transect captures were
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strongly correlated with dufl7litter depth (Table 2.4g). A well-developed duff and litter

layer can buffer amphibians and gastropods from weather extremes as well as provide

important food resources. Terrestrial arthropods frequently inhabit duff and litter (Lattin

1993, Parsons et al. 1991) and are important prey for amphibians (Jaeger 1980, Altig and

Brodie 1971), whereas some gastropods, such as Vespericola, consume fungus and dead

and living plant matter (South 1992), which also are constituents of duff and litter (Brady

and Weil 1999).

Vespericola snail transect captures were also correlated with soil organic matter

content; unexpectedly, this relationship was negative (Table 2.4g). Increased soil organic

matter tends to increase the water-holding capacity, infiltration rate, and cation exchange

capacity of soil (Brady and Weil 1999). This last attribute is especially important for

snails because they are generally comprised of large concentrations of calcium, which

they most likely obtain from ingesting fungus (Caidwell 1993, Cromack et al. 1977). It

has been suggested that snail distribution is, in fact, limited by calcium availability

(Gordan 1994). When there is an increase in cation exchange capacity, cations such as

calcium are available to organisms such as fungi, then they in turn make the calcium

available to snails. This reasoning implies that an increase in soil organic matter would

provide a moist, calcium-rich habitat for snails. The results from the regression analysis

indicate that calcium is probably not the driving force behind Vespericola captures but a

closer look at the relationship between soil organic matter, calcium, and snail captures

may assist with explaining these contradictoiy fmdings.



Trend 2: Negative Response to Timber harvest but no Differential Response
Between Thinned and Clearcut Stands.

Amphibian species richness typified this trend; richness was highest in uncut

stands but similar between clearcut and thinned stands (Figure 2.3c). It should be noted

that six of the eight amphibian species analyzed as a part of species richness were

aquatic-breeders. Northwestern salamander and banana slug captures also appeared to

follow this response pattern (Table 2.3), although a small sample size of banana slugs

prevented statistical analysis.

Similar to the first trend, the second pattern suggests that some species of

amphibians and gastropods, although sensitive to timber harvest, do not experience

mitigating effects from thinning. These results indicate that some species may be

particularly sensitive to disturbance and the resulting environmental changes. Although

thinned stands had intermediate conditions to clearcuts and thins; canopy cover, relative

shade, tree species diversity, and live and dead tree basal area were all significantly

reduced in thinned stands (Table 2.1). Thinned stand conditions were hotter and drier, on

average, than uncut stands (Table 2.2) and although not significantly different, well-

decayed downed wood volume and soil duff'litter depths were lower in thinned stands,

In a study carried out in southwestern Washington, Grialou et al. (1999) found that

western red-backed salamanders, a common terrestrial salamander in the Pacific

Northwest, was also adversely affected by both clearcutting and thinning. Even though

thinning does not affect stand conditions as dramatically as clearcutting, stand conditions

in both thinned and clearcut stands may lie above some threshold that is compatible with

certain amphibians and gastropods.
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The northwestern salamander, a common aquatic-breeding amphibian, appeared

more sensitive to timber harvest than other salamanders; 19 of the 20 northwestern

salamanders were captured in uncut stands. Animal sampling in this study was

conducted in late-fall, past the typical time that northwestern salamanders breed

(Nussbaum et al. 1983); therefore, stands with northwestern salamander captures may

indicate overwintering, nonbreeding habitat. Studies conducted during similar times in

the Pacific Northwest also had northwestern salamander captures most frequently in old,

intact forests (Aubry and Hall 1999, Bury et al. 1991). The abundant well-decayed

downed wood, moderate microclimatic conditions, and well-developed duff'litter in

uncut stands may provide suitable habitat for overwintering northwestern salamanders.

Similar to northwestern salamanders, of the 15 specimens captured only one

banana slug was encountered in a harvested stand. Banana slugs may be limited to intact

forest stands because of microclimatic conditions and food supply. Banana slugs are

particularly sensitive to heat (Gordan 1994) and the hotter conditions in harvested stands

may detract from their suitability (Table 2.2). In addition, one of the main food sources

for slugs, mushroom fruiting bodies, may be limited in harvested stands. Colgan et al.

(1999) found that both light and heavy thinning decreased the standing crop biomass of

hypogeous fungal sporocarps in Douglas-fir forests.

Trend 3: Negative Response to Clearcutting but not to CommerciaL Thinning.

Total gastropod (Figure 2.3d) and cricket (Figure 2.3e) captures typified this

response. These animals were highest in uncut and thinned stands and lowest in

clearcuts. Ensatina (Figure 2.3f) and Haplotrema (Figure 2.3g) captures also followed
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this pattern, although captures were not significantly different between uncut and clearcut

stands. Mean ensatina captures were highest in uncut stands but because of high capture

variability in uncut stands (captures ranged from one to 31), a statistically significant

difference was not evident between uncut and clearcut stands (Table 2.3).

Ensatina is ubiquitous in the Pacific Northwest (Butts and McComb 2000, Aubry

and Hall 1991, Gilbert and Aliwine 1991b, Welsh and Lind 1991) and was the most

commonly captured salamander in this study. Although ensatina salamanders are totally

terrestrial, they have high ecological tolerances relative to other salamanders (Stebbins

1954) and are considered a generalist species (Lynch 1985). Despite these ecological

tolerances, ensatina was not captured frequently in clearcut stands. Ensatina captures

were correlated with high canopy cover, deep duff/litter depths, and low herb coverage

(Table 2.4a, 2.4c), conditions that were not present in clearcut stands (Table 2.1).

Ensatina pitfall captures did not correlate with downed wood, but similar to other

studies, transect searches showed a positive relationship with downed wood (Aubry et al.

1988, Bury and Corn 1988, Corn and Bury 1991, Gilbert and Aliwine 1991b). In this

study, 17 of the 18 ensatinas captured during transect searches were found in, or under,

downed wood. The temperature conditions adjacent to salamander habitat had a

narrower range than remote habitat, exemplifying the buffering ability of downed wood

(Figure 2.4, Blessing et al. 1999). Although clearcut stands had similar downed wood

volumes to the other stands studied, downed wood was smaller in clearcut stands than

either thinned or uncut stands. Large downed wood provides better buffering capacity

than small wood, therefore, the reduced amounts of large downed wood in clearcuts

reduces available ensatina habitat.
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Ensatina captures were strongly related to daily rainfall and maximum relative

humidity (Table 2.4j). Ensatinas were not captured before the first significant rain of the

fall trapping season and they were consistently captured following periods of rain,, high

humidity, and cool temperatures (Figure 2.5). Ensatinas, however, were not captured

when air temperature dropped below 2°C. Olson (1999) noted similar relationships

between ensatina captures and rainfall. Ensatina is a lungless salamander and gas

exchange occurs across the skin, therefore, a moist environment is necessary to maintain

full respiration faculties (Feder 1983, Heatwole 1962). When conditions are right,

salamanders can remain surface active, enabling them foraging and mating opportunities

(Jaeger 1980).

Like amphibians, gastropods are extremely sensitive to dehydration; molluscan

tissues and organs are very permeable and have a high water content (up to 91.6%)

(South 1992, Machin 1975). During times of low relative humidity and extreme

temperatures, both snails and slugs become inactive; mucus production, used for

locomotion and necessary for skin protection, increases the amount of water lost by an

organism (South 1992, Macbin 1975). The microclimatic conditions found in clearcut

stands may be too extreme to support gastropods.

Haplotrema was the most prominent gastropod captured (Table 2.3). It was most

commonly found in areas with thick canopy and shrub cover, high downed wood

volumes, well-developed dufl7litter layers, and gravely soils (Table 2.4b,e, and f).

Analogous to salamanders, these habitat associates may be important for protecting snails

from the extreme adverse microclimatic conditions in clearcuts relative to other forest

conditions.
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Tree and shrub canopies intercept sunlight falling down on the forest floor and

help keep the ground cool and moist (Griffiths and Swanson in press, Chen et al. 1995).

Leaves and twigs from trees and shrubs, particularly deciduous ones, also provide

important forest floor organic matter, and they may buffer snails from temperature and

moisture fluctuations. In addition, other gastropods that are important prey for

Haplofrema, such as Vespericola snail, are commonly found in the duff/litter layer (Table

2.4g). Downed wood provides a variety of habitat functions for snails, and numerous

land snails are associated with dead wood (Caldwell 1993). As downed wood decays, it

retains moisture (Franklin et al. 1987) and can protect Haplotrema snails from

dehydration. Decayed wood also provides inoculation sites for fungus that are consumed

by other gastropods that, in turn, are prey for Haplotrema.

Gravely soil may also play a role in moderating environmental conditions and

providing protection from predators. The interstitial space between gravel particles can

provide Haplotrema with a labyrinth of tunnels to evade predators in and travel through.

In addition, gravel may maintain a cool, moist environment without becoming water

logged. This is an important attribute because gastropods are susceptible to

overhydration (Machin 1975).

Microclimatic data from this study support the notion that gastropods are most

active when conditions are cool and moist (Figure 2.6). Haplotrema captures were most

prevalent during periods of rain, high humidity levels, and cool temperatures (Table 2.4k)

and lowest during the beginning of fall trapping session when conditions were hot and

dry (Figure 2.6).
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Crickets were the most abundantly captured arthropod group, and they were also

found least frequently in clearcuts (Figure 2.3e). Crickets are ground dwelling insects

that burrow into the forest floor or under cover objects; they lay their eggs in the ground

or on plant tissue (Swan and Papp 1972). Regression analysis showed that crickets were

positively correlated with live tree basal area and volume of hard downed wood (Table

2.4h). Because hard downed wood was abundant in clearcut stands (Table 2.1),

presumably, crickets did not favor the open forest conditions found in clearcuts. The

stand attributes in thinned and uncut stands such as high basal area, shrub cover, and

well-developed duflllitter (Table 2.1) may provide crickets with quality hiding and

foraging areas and plentiful egg deposition substrates.

Trend 4: Positive Response to Increasing Timber Harvesting

Beetles were the only animal group analyzed that exhibited this trend. Beetles

were captured most frequently in clearcuts and least frequently in uncut stands (Figure

2.3h). These results support Niemela et al. (1993). Beetles are diverse and specialized

insects and like many other arthropod groups, they occur in a variety of forest habitats

and they exhibit a plethora of trophic functions (herbivore, detritivore, fungivore,

predator, scavenger, etc.) (Schowalter et al. 1992, Parsons et aL 1991). Ground beetles

(family Carabididae) are the most common type of beetle captured in pitfall traps, and

their community makeup likely varies across treatments (Niemela et aL 1993). Disturbed

habitats such as clearcuts attract forest generalist carabids that can adapt from forested to

open habitat conditions, whereas intact forest stands harbor forest specialist carabids who



are unable to withstand a transition from old to young forest conditions (Niemela et al.

1993, Parsons et. al. 1991).

Trend 5: Positive Response to Clearcutting but not to Thinning

Grasshoppers were more abundant in clearcut stands than thins and uncut stands

(Figure2.3i). Millipede response also suggested this pattern (Figure 2.3j). Grasshoppers

(family Acrididae) are herbivores that consume above-ground foliage, stems, and flowers

of macrophytic plants (Parsons et al. 1991), thus they frequently are abundant in stands

that contain high amounts of herbaceous cover such as young clearcuts (Table 2.1,

Niemela et al. 1993, Parsons et al. 1991). In this study, grasshoppers were negatively

correlated with live tree basal area and volume of decayed downed wood, conditions

found in the intact stands.

Millipedes (class Diplopoda) are major consumers of dead organic matter (i.e.

leaf litter) in forest systems (Parsons et al. 1991, Crossley 1977), and they often are

associated with litter-rich undisturbed sites (Cornaby 1977). A study in Kentucky,

however, found no correlations between millipede captures and organic and mineral soil

characteristics including duflEYlitter depth, soil carbon, nitrogen, and pH (Kalisz and

Powell 2000). In this study, millipedes surprisingly were most numerous in clearcuts

where duff7litter depth was lowest. The combined results suggest that the principal

limitation to millipedes on thinned and uncut stands was not organic matter or other soil

characteristics but some other habitat feature(s).
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Trend 6: No Differences across the Three Silvicultural Treatments

This trend was seen for amphibian species diversity, ensatina lengths and weights,

reticulated tail-dropper slugs, total arthropods, spiders, and all transect captures,

regardless of species. Although some groups may show no response as a function of

small sample size (e.g. reticulated tail-dropper slugs), others have a biological

explanation.

Seventy-four % of all amphibian captures were ensatina and no other amphibian

constituted more than 10% of the captures (Table 2.3). Thus, the unevenness of the

capture data most likely precluded finding differences in amphibian diversity across

treatments.

Data from this study showed no change in ensatina demographics among

treatments despite depressed ensatina captures in clearcut stands. Stands with larger

mean salamander size may indicate a stand with more competitive individuals with larger

resource allocations ( (Mathis, 1990, Feder 1983, Altig and Brodie 197), whereas a stand

devoid of smaller, younger salamanders may indicate an environment adverse to

reproduction and juvenile survival. Because neither of these conditions existed, it

appears that capture rate does not coincide with demographics and despite the low

number of captures in clearcut stands, these populations may recover to uncut stand

levels.

Both arthropod and spider communities consist of a diverse array of functional

groups that utilize a variety of different habitats (Parsons et al. 1991). Timber harvesting

changes stand structures and conditions and therefore changes arthropod habitat

conditions. Depending on the species of arthropod, these habitat changes may or may not
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be suitable for the animal. Although arthropod abundance did not differ among the three

treatments, most likely the species composition was affected. These results support

Kalisz and Powell (2000) and Greenberg and McGrane (1996), among others.

CONCLUSION

The results of this study substantiate what other researchers have shown: small

forest-dwelling animals are impacted by forest harvest. Of the five individual species and

five collective groups of animals analyzed for differential response among the three

silvicultural conditions examined, only one species, northwestern salamander, was found

less frequently in both clearcuts and thins than in uncut forest. Three additional animals,

ensatinas, Haplotrema snails, and crickets, were found least frequently in clearcut stands,

while beetles, grasshoppers, and millipedes were found most frequently in clearcut

stands. The remaining two animal groups, spiders and millipedes, did not differ across

silvicultural treatments. Total amphibian captures, amphibian species richness, total

gastropod captures, and gastropod species richness and diversity all were depressed in

clearcut stands; none, but amphibian species richness, showed significant differences

between uncut and thinned stands.

These results suggest that amphibians, gastropods, and crickets are highly

sensitive to clearcut harvesting. This phenomenon appears related to the increased

variability in environmental conditions and decreased quality of habitat structures, such

as canopy cover, downed wood, and soil duflllitter created by timber removal.

Commercial thinning may mitigate some of the adverse impacts of clearcutting for many

of the species analyzed.
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It is evident that small-ground dwelling animals respond differently to timber

harvesting. Clearcut harvesting, however, appears to particularly affect wildlife captures.

Thinning may provide an alternative to clearcut harvesting which meets wildlife habitat

and aesthetic objectives as well as economic objectives. Like clearcut harvesting,

thinning is not a suitable harvest method for all forest animals. Managing for a suite of

organisms, therefore, requires that a variety of silviculture applications are used across

the landscape.

INFERENCE AND LIMITATIONS

This was a prospective study, therefore, causal relationships could not be

established. This study was conducted in mature to old Douglas-fir forests in the

southern Oregon Cascades and results are only directly applicable to similar forest types.

However, this study may provide relevant information to other regions with similar

vegetative compositions and forest structures
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CHAPTER 3:

ABUNDANCE AND HABITAT ASSOCIATIONS
OF SMALL MAMMALS IN MANAGED FORESTS IN THE

SOUTHERN OREGON CASCADES

ABSTRACT

Retention timber harvests, such as commercial thinning, are gaining popularity

over clearcuts in the Pacific Northwest, especially on federal lands. Commercial thins

may create stand conditions that are structurally more diverse and aesthetically more

pleasing than clearcuts. Whether commercial thins provide higher quality wildlife

habitat, however, is largely unknown. This study looked at small mammal abundances

and habitat associations under three silvicultural treatments: 5- to 11-yr old clearcuts, 10-

to 16-yr old commercial thins, and 135- to 256-yr old uncut stands. Eighteen stands, six

per treatment, were selected for study in the North Umpqua National Forest. Pitfall traps

(N = 648) were used to document small mammal populations in fall 1999. Small

mammal captures were dominated by Trowbridge shrew (Sorex trowbridgii), vagrant

shrew (S. vagrans), deer mouse (Peromyscus maniculatus), western red-backed vole

(Clethrionomys calfornicus), and Oregon vole (Microtus oregoni). Western red-backed

voles were captured most frequently in uncut stands and least frequently in clearcuts.

Small mammal species richness was significantly higher in uncut than either thinned or

clearcut stands. There were more Trowbridge shrew and overall small mammal captures

in thin and uncut stands than in clearcuts, but no capture difference between thin and

uncut stands. Vagrant shrew captures were highest in clearcuts and lowest in uncut
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stands. No treatment differences were observed for the deer mouse, Oregon vole, or any

reproductive parameter measurements.

Percent canopy cover and basal area were the most important variables explaining

Trowbridge shrew abundance at micro site and stand scales, respectively. Trowbridge

shrew captures also were strongly correlated with maximum % relative humidity. These

results suggest that commercial thins provide better habitat than clearcuts for some small

mammal species, most notably western red-backed voles and Trowbridge shrews.

INTRODUCTION

Pacific Northwest forest management objectives have changed considerably in the

last three decades, especially on federal lands. During the mid- to late-1900's, forests

were primarily managed for timber yield and economic return. To meet these objectives

forests were generally harvested using even-age silvicultural systems with clearcut

regeneration (Tappeiner et al. 1997, McComb et al. 1993, Swanson and Franklin 1992).

Clearcut harvesting, however, can produce forest stands that are structurally

simplified due to the removal of large trees, downed wood, and snags (Hunter 1990,

Spies et al. 1988, Bury 1983). The removal of overstory trees dramatically changes the

understory composition; a predominantly shade-intolerant herbaceous community

replaces shade-tolerant shrubs and herbs (Bailey and Tappeiner 1998). Clearcut

harvesting also has direct consequences on microdimatic environments. In general,

clearcut stands have more extreme air and soil temperature, air humidity, and soil

moisture conditions than unharvested stands (Griffiths and Swanson in press, Chen et al.

1995). In addition, forest aesthetics are affected by clearcutting. Survey data show that
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people find clearcuts less aesthetic than stands with partial to no harvest (Johnson et aL in

press, Ribe 1999).

Because of the biological and political issues that arose in response to widespread

clearcut harvesting, legal documents such as the National Forest Management Act of

1976 (16 U.s. c. 1600 Ct seq.) and the more recent Northwest Forest Plan (USDA and

USD1 1994 and 2001) were implemented. These documents, among others, mandate that

forests be managed for more than wood production and economic return; forests also

need to be managed for biological diversity and sustainability. Several specific

objectives include management for wildlife habitat, fire resistance, aesthetics, recreation,

and old-growth conditions. Because current forest management in the Pacific Northwest

encompasses a multitude of objectives, a variety of silvicultural applications are needed

to achieve them.

Variable green-tree retention harvest is currently used in the Pacific Northwest

(USDA and USD1 1994) as an alternative to clearcutting. The idea of retaining live trees

or other forest structures stems from research fmdings on natural disturbance regimes

(Swanson and Franklin 1992). The presence of surviving biological structures or

'legacies' in naturally disturbed sites distinguishes them from many managed stands.

Maintaining biological structures such as live trees, snags, and downed wood may

enhance wildlife habitat (MeComb et al. 1993, Hayes et al. 1997).

Another silvicultural application that maintains natural legacies on harvested

stands is thinning, both commercial and pre-commercial. Thinning can be considered a

type of green-tree retention harvest, especially if residual trees are safeguarded on the

stand through more than one rotation cycle. Thinnings are used most frequently as an
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intermediate application to increase growing space among residual trees. The increased

growing space helps maintain growth rates and vigor of residual trees and encourages

understory growth (Suzuki 2000, Bailey and Tappeiner 1998). A well-developed

understory in the form of saplings, shrubs, and herbs increases structural and

compositional complexity in a stand and may enhance wildlife habitat (Hayes et al.

1997). Thinned stands may also provide wildlife habitat in the form of large crowns,

large branches, and deep bark fissures. Therefore, in addition to meeting traditional

objects, thinning can be implemented to meet additional management objectives such as

enhancing wildlife habitat and stand aesthetics. An additional benefit of commercial

thinning is generation of an intermediate income (Smith et al. 1997).

Alternate harvesting methods to clearcutting, such as variable retention and

thinning harvests, are employed more readily now, largely because of public concern and

legal mandates. Unfortunately, the relationships between these forms ofharvesting and

wildlife have not been extensively studied. To date, it is unclear whether these harvest

regimes are meeting objectives that address wildlife habitat and stand aesthetics.

The maintenance of species diversity at present or historic levels is often viewed

as an important forest management objective. Studies that document forest conditions

and wildlife relationships, therefore, can help determine whether species diversity levels

are being maintained under current silvicultural systems. In particular, the examination

of forest-floor small mammals can provide insight into impacts of forest management

practices on wildlife communities (Olson et al. 2001). It is important that we evaluate the

effects of forest harvesting on small mammals because they are important components in

forest ecosystems. They are predators of invertebrates, amphibians, plant material, and
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thngi (Gunther 1983, Hooven et aL 1975, Whitaker and Maser 1976) and in turn, are prey

for amphibians, reptiles, birds, and other manimals (Maser 1998). Small mammals have

restricted home ranges (Craig 1995, Talimon 1994, West et al. 1980, Hooven 1973), are

year-round forest residents (Lee 1995), and are sensitive to forest-floor fluctuations

(Carey and Johnson 1995, Talimon and Mills 1994, Gilbert and Aliwine 1991a, Hayes

and Cross 1987).

Forest small mammals inhabit a diverse array of habitats and all forest seral stages

in western Oregon and Washington (Gilbert and Allwine 1991a, West 1991). For

example, Oregon voles (Microtus oregoni) and vagrant shrews (Sorex vagrans)

frequently are found in clearcut stands (Aubry et al. 1997, Corn et al. 1988, Hooven and

Black 1976); whereas, western red-backed voles (Clethrionomys calfornicus) and

Trowbridge shrews (Sorex trowbridgii) are found more frequently in mature to old stands

(Aubry et al. 1997, Rosenberg et al. 1994, Gilbert and Allwine 1991a, Raphael 1988,

Hooven and Black 1976). Habitat generalist species, like the deer mouse (Peromyscus

maniculatus) reside in all forest stand conditions including old, intact forests and young

clearcuts (Aubry et aL 1997, Carey and Johnson 1995, Gilbert and Aliwine 1991a, West

1991, Cornet al. 1988, Raphael 1988, Tevis 1956).

Despite the variety of forest types inhabited by small mammals, in general,

individual small mammal species respond selectively to timber harvest. Studies show

that small mammals taken collectively are found more frequently in old-growth forests

than in young clearcuts or shelterwood systems (Wilson and Carey 2000, Carey and

Johnson 1995, West 1991, Raphael 1988). Old-growth forests are diverse both

structurally and biologically, and large niche differentiation allows a wide variety of
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small mammals to coexist (Hunter 1990). Conversely, clearcut stands are structurally

simple. Young clearcuts, especially, are classically devoid of large downed wood, snags,

deep organic soil layers, and large live trees (Butts and McComb 2000, Swanson and

Franklin 1992). Although in many respects clearcut harvesting emulates intense, natural

disturbances (Hunter 1990), clearcutting has distinct effects on vegetation and soil which

differentiates clearcut stands from young, naturally disturbed forests (Rosenberg et al.

1994, Corn et al. 1988). Naturally disturbed forests often maintain the structural

components that are deficient in clearcut stands (Perry and Amaranthus 1997, Rosenberg

et al. 1994) and , therefore, can support animals not typically found in clearcut stands

(Cornet al. 1988).

Alternatives to clearcut harvesting may provide more habitat opportunities for

specific small mammal species and for small mammals collectively. For example,

silvicultural systems that retain live trees (e.g. seed-tree cuts with 3 to 100 trees/ha)

provide more structural diversity than traditional clearcut stands where all trees are

removed and they have been found to support higher small mammal species richness

(Sullivan et al. 2000). In addition, there is evidence that shelterwood and commercial

thin harvests may maintain or even enhance pre-harvest small mammal habitat. In

interior British Columbia, Von Trebra et al. (1998) found an immediate increase in

southern red-backed vole (Clethrionomys gapperi) captures following two shelterwood

harvests (30 and 50% basal area removal) conducted on 107- to 126-yr old second growth

stands. Suzuki (2000) did not observe a change in small mammal captures immediately

following two intensities of commercial thinning in the Oregon Coast Range, however,
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overall small mammal abundance was higher in stands that had been thinned 7- to 24-yrs

prior to the study than unthinned stands.

The preceding studies suggest that silvicultural systems that retain trees overtime

provide increased small mammal habitat over clearcut stands. However, red-backed

voles were captured infrequently in a seed-tree harvest (Sullivan Ct al. 2000) and were

absent in stands after live-tree volume was reduced by 98% (Medin 1986). These results

suggest that leaving small amounts of residual trees on harvested stands is insufficient to

provide suitable habitat for some small mammal species associated with structurally

diverse older forests.

It is evident that the response of small mammals to forest management practices

varies depending on species and management prescription. The following prospective

study was developed to help clarify relationships between forest-floor small mammals

and timber management practices in the Pacific Northwest. The first study objectives

was to quantify and compare small mammal abundance, species diversity, species

richness, and body condition among uncut, commercially thinned, and clearcut stands.

The second objective was to evaluate habitat affiliations for common species at microsite

and stand scales, and to examine relationships between captures and microclimatic

trends.

This project also was designed to provide supplemental information to the

Demonstration of Ecosystem Management Options (DEMO) study. The DEMO study is

investigating the ecological, physical, and social effects of retaining live trees in harvest

units aged 70 years and above (Aubry et al. 1999). The DEMO project consists of 6

blocks distributed in western Oregon and Washington. Study sites in this project are
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within 1.5 to 14.5 km from the Watson Falls DEMO block and are in the same vegetation

type. The DEMO project consists of six silvicultural treatments per block ranging from

15% to 100% live tree basal area retentions configured in two different patterns:

dispersed or aggregated. An additional 16.5 live trees/ha were converted into snags

(Aubry et al. 1999).

One research aspect of DEMO is to evaluate pre- and post-harvest effects of

retention harvests on small terrestrial wildlife, but as the time of the current study, only

immediate post harvest data were being collected. Because the commercial thinned

stands in this project axe comparable to the 40% basal area dispersed retention stands in

DEMO only 10- to 16- yrs older, results from this project may provide valuable insight

into the potential development and maturation of small mammal habitat relationships and

stand attributes in DEMO stands over the next couple of decades.

METHODS

Study Area

The study was conducted in the western part of the Diamond Lake Ranger District

of the Umpqua National Forest, Oregon (Douglas County, 43°15'N latitude, 122°30'W

longitude) (Figure 3.1). Stand exam infonnation and on-site inspection were used to

select six study blocks for prospective examination of each of three silvicultural

treatments: clearcut, commercial thin, and uncut. Stands ranged in size from 5.7 to 53.8

ha (Appendix A); all stands within a block were separated from each other by less than

two km. whereas blocks were separated by 2.5 to 24 km. Thinned stands contained



Figure 3.1. Locations of six study blocks (represented by numbered circles), each
comprised of clearcut, commercial thin, and uncut silvicultural treatments in the Umpqua
National Forest, southern Oregon Cascades.
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dominant trees> 50-cm dbh (diameter at breast height), and clearcuts were dominated by

regeneration under 1.5-rn tall. Uncut stands ranged from 135- to 256-yrs of age, with no

signs of past harvest, roads, or other anthropogenic disturbances. Clearcut and thin

stands ranged from 93- to 256-yrs old at harvest. Clearcut and thinned stands were

harvested 7- to 1 1-yrs and 10- to 16-yrs prior to data collection, respectively. Elevations

for all 18 stands range from 790 to 1220 m, slopes are between 0 and 50%, and all aspect

directions (N, S, E, W) are equally represented (Appendix A).

Study stands are located within the Mixed-Conifer vegetation zone (Franklin and

Dyrness 1988) and the Southwest Oregon Mixed Conifer-Hardwood Forest wildlife-

habitat type (Chappell et aL 2001). However, this area also contains some characteristics

of the Westside Lowland Conifer-Hardwood Forest and Montane Mixed-Conifer Forest

habitat types (Chappell et al. 2001). Stand overstories are dominated by Douglas-fir, but

they also contain sugar pine (Pinus lambertiana), ponderosa pine (P. ponderosa),

incense-cedar (Calocedrus decurrens), and white fir (Abies concolor) (Chappell et al.

2001, Franklin and Dyrness 1988). Understory vegetation includes: manzanita

(Arctostaphylos spp), Oregon grape (Berberis spp.), salal (Gaultheria shallon),pacific

rhododendron (Rhododendron macrophyllum), beaked hazel (Coiylus cornuta), vine

maple (Acer circinatum), trailing blackberry (Rubus ursinus), ceonothus (Ceonothus

spp.), and bracken fern (Pteridium aquilinum) (Chappell et al. 2001, Franklin and

Dyrness 1988). The soils are varied and diverse due to a complex geological history and

topography (Franklin and Dyrness 1988).

Weather in this region is characterized by cold, wet winters and hot, dry summers.

The average temperature in January is 2.1°C and in July it is 20.0°C. Average annual



precipitation is 10.06 cm, most of which falls between November and March (data

obtained from National Oceanic and Atmospheric Administration 1953-1993,

http://www.wrh.noaa.govfMedfordlclimo/tokavgjfma.html).

Habitat Sampling

A 6 X 6 point grid with 1 0-m spacing between gridpoints was randomly placed in

the interior of each stand (Figure 3.2). All grids were oriented up-slope and were ? 20 m

from the stand edge, roads, and surface water. All data were collected in or around these

grids.

Microsite Conditions

OVERSTORY

Overstory measurements were recorded at each gridpoint across the study area

during summer 1999 (Figure 3.2). Percent canopy cover was estimated with a spherical

densiometer in the four cardinal directions and averaged. Trees> 5 cm dbh, average live-

tree diameter, and tree basal area were estimated per ha from trees selected with a wedge

prism (Avery and Burkhart 1994, Bruce 1961). A prism with basal area factor (BAF) of

20 (English) was used for clearcut and thinned stands and a BAF of 40 (English) was

used for uncut stands.

Solar radiation was measured from 10 stacked sheets of light sensitive diazo paper

(Friend 1961) placed at each grid point for 24 hours over three consecutive days. Stands

were sampled during periods of no rain and relatively clear skies from 28 June to 1 July,
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Figure 3.2. Schematic of sampling grid and data collection locations on each stand.

Solid circles represent sampling gridpoints.
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near the summer equinox to approximate maximum possible solar radiation. Mean

relative percent of maximum measured light was estimated from the number of bleached

pages, including partially bleached ones, following development in ammonia vapor using

the formula:

ioo.(u;s)

where, u represents the maximum number of bleached papers from packets placed in

areas of highest radiation exposure (i.e. clearcuts), and s is the number of bleached papers

from a sample point. The largest number of bleached pages within clearcuts was nine;

consequently nine was used for the u value.

UNDERSTORY

Two perpendicular 6-rn line transects centered on each gridpoint, oriented

upsiope, and located 1 rn above the ground were used to estimate cover of tall shrub (> 1-

m tall) and understory tree (< 5.0-cm dbh) layers (Figure 3.2). Total % cover was

determined from the summed length of the vegetation overlapping the 12 m of transect

and placed in six percent categories: 0-10, 11-25, 26-50, 51-75, 76-90, 91-100.

Dominant species were noted. Measurements were taken summer 1999.

Percent cover of herbs (plants < 1-rn tall) was visually estimated in 3-rn radius

circular plots (0.0028 ha) and assigned to one of the six percent categories noted above.

Dominant species were recorded. Herbs were sampled fall 1999 prior to die back.
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DEAD WOOD

The same BAF prisms used to select live trees for sampling also were used to

sample snags. Dead trees 2:0.5 m in height and> 5-cm dbh were classified as snags and

those < 0.5 m were classified as stumps. Snag measurements included diameter, height

class (0.5-1.5, 1.5-5.0, 5.0-15.0, >15-rn tall), decay class (1 bark intact, wood sound; 2

= bark sloughing off, wood decornposing; 3 bark mostly absent, wood rotten), and

when possible, species. The three decay-class system is a simplification of the five

decay-class system developed for downed wood by Franklin et al. (1981). Diameter was

measured on stumps located within the 0.0028-ha herb plots; species of stumps was not

recorded.

The two perpendicular line transects used for understory estimates also were used

to sample downed wood (Figure 3.2). Downed wood 5-cm diameter at the point of

intersection with a transect was measured for diameter, length, % cover, and decay

condition (three classes). Volume and % cover estimates were adjusted for slope

(Harmon and Sexton 1996, Brown 1974, Van Wagner 1968). Dead wood was sampled

summer 1999.

FOREST FLOOR

Combined duff and litter was measured to the nearest centimeter in three locations

per plot, each 1-rn diagonal of plot center (Figure 3.2). Litter was defined as freshly cast

plant material, such as needles and leaves, on the forest floor surface and duff consists of

humus and fermentation layers between litter and mineral soil (Brown 1974). DufVlitter

samples were collected fall 1999.



Stand Conditions

OVERSTORY, UNDERSTORY AND DEAD WOOD

All overstory measurements (% canopy cover, live-tree diameter, tree basal area,

and solar radiation), understory measurements (shrub and herb % cover, dominant herb

and shrub species), snag measurements (diameter, height, and decay condition) and

downed wood (diameter, length, % cover, and decay condition) were averaged across the

36 gridpoints per stand to determine stand habitat conditions.

FOREST FLOOR AND SOIL

Duff'litter measurements were averaged across the 36 gridpoints per stand to

calculate stand level conditions. Additionally, soil cores were taken to determine bulk

density, soil organic matter, and soil texture at the stand scale. Two adjacent core

samples (190 cm2 each) were taken 25-cm upsiope from plot center (Figure 3.2) at each

of one randomly selected gridpoint in each of the six grid columns per stand (N = 12 core

samples per stand). One of the two gridpoint soil core samples was used to determine

soil bulk density. Bulk density is defmed as the mass of a unit volume of dry soil and it

frequently serves as a surrogate for soil compaction (Brady and Weil 1999). Bulk density

was determined by dividing the mass of the soil sample dried for 24 hours in an oven at

65.6° C by volume (Blake and Hartge 1986). Each of the remaining paired samples was

analyzed for organic matter content by loss-on-ignition at 550°C for 4 to 6 hours (Lim

and Jackson 1982), and particle size composition (soil texture) using the pipet method
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(Gee and Bauder 1986). Soil samples were collected fall 1999 and analyzed winter and

spring 2000.

GEOPHYSICAL FEA TURES

Slope was measured with a clinometer at each gridpoint per stand and averaged to

quantify overall stand slope. Aspect was determined for each grid column, averaged, and

converted to a heat load index using the following formula (Beers et al. 1966):

cos(O- 45)

2

where 0 equals aspect in degrees east of north. This formula rescales aspect to a 0 to 1

scale, where northeast (0) is the coolest slope and southwest (1) is the warmest slope.

Stand elevations were taken from topographic maps.

MicroclimRtic Variables

Six weatherproof data collectors (Onset HOBO®) were distributed among the

three treatments in blocks 2 and 5 (Figure 3.1). Block 5 contained the highest elevation

stands (high block), whereas block 2 contained the lowest (low block). Data collectors

were placed 15 cm above ground just outside the grid where they recorded temperature

and relative humidity continuously at 15-minute intervals from spring through fall 1999.

One rain gauge was placed in an open area within each of the 18 stands to record

precipitation. Spring and summer 1999 rain data were collected bimonthly Rain data

were collected once daily during the 30-day trapping session in fall 1999.
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Animal Sampling

Pitfall Traps

A single pitfall trap was placed within 2 m of each of the 36 grid points per stand

(N = 648) adjacent to a natural drift fence, such as a downed log, if available (Figure 3.2).

Traps were constructed of two #10 tin cans stacked and duct taped together to create a

cylinder with a solid bottom (Corn and Bury 1990). Holes were made in the base to limit

trap flooding. Cans were buried flush with the ground, and a bottomless cone-shaped

plastic tub was placed on the rim of each pitfall to impede escape by animals after capture

(Corn and Bury 1990). Natural materials (e.g., wood, moss) were added to each pitfall to

shelter captured animals.

Pitfall traps were open for the same 28-consecutive days for all three stands

within a block and checked once daily. Blocks 1, 2, and 3 were open from 23 October to

19 November; blocks 4, 5, and 6 were open from 20 October to 16 November. Live

captured small mammals were sexed and identified to species when possible, weighed,

measured (tail and total length), and released. Deceased individuals were bagged,

labeled, and transported on ice to the laboratory for examination. Voucher specimens

were sent to the following institutions: California State University, Sacramento;

University of Alaska, Fairbanks; North Carolina State University, Raleigh; and Texas

Technological University, Lubbock. Taxonomic classification followed Verts and

Carraway (1998). Necropsies were performed on all deceased animals to determine sex,

reproductive status, weight, and length. The following specific information was collected

for females: presence of evident nipples, number of uterine scars, and size and number of
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embryos; and for males: testes position (abdominal or surficial), testes width and length,

seminal vesicle length, and presence of epididymal tubules. Testis volume (mm3) was

calculated from the following formula for a prolate spheroid:

4 length (width 2

3 2 k2

Females were considered in reproductive condition if they had visible nipples, or a

minimum of one uterine scar or embryo. Males were considered reproductive if they had

surficial testes or visible epididymal tubules.

Species Diversity and Richness

Species richness was taken as the number of small mammal species found in each

stand. Species diversity was calculated using the exponential form of the Shannon-

Weiner function, N1 (Krebs 1999):

N1 = e'

where, e = 2.71828 (base of natural log), '= Shannon-Wiener function calculated with

base e log, and N1 = number of equally common species that would produce the same

diversity as H'.

Statistical Analysis

Treatment Differences

Two analytical approaches were used to test for differences in mean captures

across the three silvicultural treatments: randomized complete block analysis of variance
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(ANOVA) and least square means multiple comparisons (PROC MIXED, LSMEANS)

(SAS Institute 1999). Treatment differences for mean number of captures were assessed

for small mammal species with 18 captures. Reproductive conditions, body length, and

weight were analyzed for insectivores, rodents, Trowbridge shrews, and vagrant shrews.

Bonferroni adjusted p-values were used for all treatment comparisons. For all ANOVAs,

variables were examined for constant variance, independence, and normality by

examining normality and residual plots (PROC UNIIVARIATE; SAS Institute 1999).

Both logarithmic, ln(Y+1) or ln(Y), and square root transformations of variables were

utilized when necessary to meet these assumptions.

Because of the inherent variability associated with natural conditions, the alpha

level of significance was set at 0.1. This level of significance reduces the probability of

committing a Type II error, failure to reject the null hypothesis when it is false.

Habitat Associations

Trowbridge shrew, the most abundantly captured mammal, was analyzed for

habitat associations. Multiple linear regressions were run on forest habitat data from

microsite and stand scales, and microclimate measurements (PROC GENMOD; SAS

Institute 1999). Akaike's Information Criterion (AIC) model selection technique was

used to identify important models modeling Trowbridge shrew and forest habitat

characteristics (Burnham and Anderson 1998). Akaike's Information Criterion is an

extension of the likelihood theory and is based on the relative distance measured between

some unknown truth and the approximating model.
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Explanatory variables used in the micro site regression analysis (N 648

gridpoints) included: tree basal area; % shrub, herb, and canopy covers; volumes of

downed wood in decay classes 1, 2, and 3; duff7litter depth; and aspect. Because of the

large total number of potential explanatory variables taken at the stand scale (N 14)

relative to the number of stands (N = 18 stands), variable reduction occurred through

preliminary analysis of variable categories. Explanatory variables initially were analyzed

in four groups (vegetation, downed wood, forest floor and soil, and geophysical features)

using multiple linear regression. Variables with the highest MC 'weight sums' from

each of the group analyses (see below) were retained, then analyzed in combination. This

process resulted in a unique set of explanatory variables used in the fmal analysis

(Appendix B). The complete list of fmal variables includes mean stand values for: tree

basal area; % shrub and herb covers; volumes of downed wood in decay classes 1, 2, 3;

soil bulk density; and duff/lifter depth. Daily minimum and maximum relative humidity,

minimum and maximum temperature, and precipitation were the explanatory variables

used in the microclimate assessment (N 30 days).

The Akaike's Information Criterion was used to select the 'best model' set (see

below) for each response variable (Burnham and Anderson 1998). At the stand scale and

for the microclimatic assessment, a second-order bias adjustment term 'c' was included

when calculating AIC values (AICc) to compensate for small sample size. Candidate

models were determined by generating all possible subset models, but limiting the

number of model parameters to: four at the microsite scale, three at the stand scale, and

five for the microclimate analysis. Model parameters were limited to restrict the number

of candidate models; ideally, the number of models considered should be smaller than the



122

sample size to avoid over-fitting the data (Burnham and Anderson 1998). The ratio of

number of candidate models to sample size was 291:648 at the microsite scale, 129:18 at

the stand scale, and 16:30 for the microclimate assessment. Because of the high number

of models to sample size at the stand scale, this analysis is considered exploratory.

Highly correlated explanatory variables (r2> 0.7) were excluded from the same model to

avoid multicollinearity and subsequent loss of precision (Ramsey and Schafer 1987). All

candidate models were run and AIC values were calculated (PROC GENMOD, SAS

Institute 1999). From this information, the distance between the AIC value (s,) of the

candidate model and the model having the lowest AIC value was computed:

= AIC, -mm AIC

where, mm AJC is the smallest AIC value.

Then the normalized Akaike weight (w1) for each candidate model was calculated:

W = R(2)
where, r is any one model in R set of models, and e = 2.7 1828 (base of natural log).

The 'best model' subset, models that approximate these data, included all models

with L <2 (micro site scale) and Aj <4 (stand scale and microclimate assessment). The

larger , 4 value reflects the need to adjust (widen the acceptable parameters) for the

small sample size relative to number of candidate models at the stand scale and in the

microclimate assessment (Bumham and Anderson 1998).

To estimate the importance of a specific variable to an animal species or group,

Akaike weights of all candidate models that included that variable were summed; these

values are here defined as weight sums. When necessary, weight sums were standardized



to account for the unequal occurrence of variables in different numbers of models using

the following formula:

Adjusted weight sum = (total no. of models/no. of models with variable)*
(1/no. of variables)* w

where, W = Akaike weight.

Without standardization, a variable present in 10 candidate models may have a higher

'weight sum' than a variable present in fewer candidate models, regardless of its actual

influence. For ease in interpretation, weight sums for variables in each 'best models'

subset were then adjusted to equal a total of 1 by dividing individual weight sums by the

sum of all weight sums.

Assumptions of normality, constant variance, and independence were assessed

from scatter plots, standardized residual plots, and Chi-square goodness-of-fit tests. To

meet assumptions, micro site regressions were run with a Poisson distribution and an

overdispersion parameter (Bumham and Anderson 1998); all downed wood volume

parameters were log transformed. Stand scale and microclimate regressions were run

assuming a normal distribution; precipitation and all response variables were log

transformed.

RESULTS

Stand Characteristics

Most live tree and snag characteristics were highest in uncut stands, lowest in

clearcuts, and intermediate in commercially thinned stands (Table 3.1). There was higher

herb cover in clearcuts than in uncut stands but no difference in shrub cover among
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Table 3.1. Means and standard errors (SE) of stand characteristics under three silvicultural treatments in mixed-conifer forest in
SW Oregon. P -values are the results from Least Squares Means analyses with Bonferroni adjustment. N six stands per
silvicultural treatment. Significant differences were assumed if P 0.1 (shown in bold font). Variables are explained in text.

Stand Characteristics

Clearcut (CC) Thin (TH) Uncut (UC) P-values

Mean SE Mean SE Mean SE CC vs. TH CC vs. UC TH vs. UC
GEOPHYSICAL:
Slope (%) 24.6 6.080 22.3 5.343 26.6 4.937 1.000 1.000 1.000
Aspect (0 to 1) 0.5 0.143 0.6 0.165 0.5 0.122 1.000 1.000 1.000
Elevation (m) 1021.1 36.703 1016.0 44.286 1071.9 48.140 1.000 0.424 0.330
LIVE TREES (>5 cm dbh):

Basal area (m2/ha)1 0.1 0.051 31.1 1.748 61.7 4.696 <0.001 <0.001 <0.00 1

Trees (#fha) 26.6 14.732 192.0 44.546 595.9 98.579 0.271 <0.001 0.003
Dbh (cm) 0.1 0.067 75.6 7.174 81.6 4.641 <0.001 <0.001 1.000
Quadratic mean diameter (cm) 0.1 0.066 61.6 5.756 56.4 3.225 <0.001 <0.001 1.000
Stand density index 1.4 0.653 184.7 12.569 390.7 32.467 <0.001 <0.001 <0.001
Relative density 0.0 0.001 0.3 0.021 0.7 0.054 <0.001 <0.001 <0.00 1

Relative shade (%) 12.7 0.719 26.7 2.268 35.3 1.209 <0.001 <0.001 0.008
Canopy (%) 1.0 0.570 67.3 2.613 88.5 1.026 <0.00 1 <0.001 <0.00 1

Species diversity (1 ID)12 0.0 0.000 1.3 0.102 2.3 0.232 <0.00 1 <0.001 0.001
UNDERSTORY:
Shrub (%) 10.1 0.643 20.8 6.471 16.9 5.030 0.253 0.750 1.000
Herb (%) 70.4 3.169 59.3 5.497 50.8 6.599 0.347 0.038 0.655



Table 3.1. (Continued)

Stand Characteristics

Clearcut (CC) Thin (TH) Uncut (UC) P-values

Mean SE Mean SE Mean SE CC vs. TH CC vs. UC TH vs. UC
SNAGS:

Basal area (m2/ha)1 0.8 0.385 3.3 0.740 9.4 2.310 0.040 <0.001 0.043
Trees (#/ha) 21.2 12.486 54.0 19.974 157.3 40.126 1.000 0.011 0.051
Decay class (1-3) 1.8 0.479 1.6 0.102 2.4 0.172 1.000 1.000 1.000

Snag volume (m3/ha)1 1.2 1.104 21.7 10.818 73.6 55.104 0.117 0.012 0.607
STUMPS:

Basal area (m2/ha) 103.4 6.352 57.6 12.609 8.3 3.828 0.010 <0.00 1 0.006
2Trees (#Iha) 404.5 71.687 288.2 30.409 32.8 7.888 0.841 <0.001 <0.00 1

DOWNED WOOD:

Total volume (m3/ha) 153.5 41.504 178.0 34.007 189.4 27.491 1.000 1.000 1.000

Decay 1 (m3/ha) 32.7 18.126 74.2 22.492 40.6 20.284 0.543 1.000 0.8 14

Decay 2 (m3lha) 71.7 17.273 35.7 8.113 27.9 6.061 0.157 0.069 1.000

Decay 3 (m3fha) 49.0 16.390 68.1 24.111 120.8 25.584 1.000 0.085 0.269
Decay class (1-3) 2.1 0.099 2.1 0.099 2.2 0.094 1.000 1.000 1.000
Diameter (cm) 11.7 0.640 14.6 1.387 16.1 1.086 0.070 0.007 0.573
Length (m) 252.0 38.592 611.6 125.611 816.3 88.161 0.058 0.004 0.433
Cover (%) 0.1 0.019 0.1 0.009 0.1 0.009 1.000 0.959 1.000



Table 3.1. (Continued)

'natural log transformed for analysis

2ripral of the Simpson's index (Krebs 1999)

Clearcut (CC) Thin (TH) Uncut (UC) P-values

Stand Characteristics Mean SE Mean SE Mean SE CC vs. TI! CC vs. UC TI! vs. UC
SOIL AND FOREST FLOOR:
Organic matter (%) 24.8 2.529 22.4 1.269 20.5 0.800 0.710 0.144 1.000
Coarse grain (%) 32.9 1.909 29.7 5.328 31.3 4.449 1.000 1.000 1.000
Mediurngrain(%) 51.9 3.342 50.5 3.183 49.5 2.508 1.000 1.000 1.000
Fine grain(%) 48.1 3.350 49.5 3.186 50.5 2.506 1.000 1.000 1.000

Compaction (g/cm3) 0.8 0.079 0.8 0.052 0.8 0.057 1.000 1.000 1.000
Duffandlitterdepth(cm) 4.6 1.187 5.2 0.812 7.4 0.988 1.000 0.182 0.377
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treatments. Mean downed wood diameter, length, and volume of decay class 3 logs were

higher in uncut stands than clearcut stands but there were no detectable differences in any

of the forest floor or soil characteristics across treatments (Table 3.1).

During the period 20 May to 20 November 1999, clearcut stands experienced the

most extreme and variable microclimatic conditions; uncut stands experienced the least

(Table 3.2). Measured rainfall during the 30-day trapping session from 20 October to 19

November was not significantly different between treatments (F2,475 = 0.12, p 0.884).

Treatment Differences

A total of 456 small mammals of 12 species were captured during pitfall trapping

(Table 3.3). Captures (Table 3.3) and species diversity (Figure 3.31) were lowest in

clearcuts. Species richness was highest in uncut stands (Figure 3.3b). Trowbridge shrew

was the species most commonly encountered followed by vagrant shrew, deer mouse,

western red-backed vole, and Oregon vole. Trowbridge shrews were least frequent while

vagrant shrews were most frequent in clearcuts (Figure 3.3c and e). Western red-backed

vole captures declined with increased harvest intensity; none were captured in clearcut

stands (Figure 3.3a). Deer mouse (Figure 3.3h) and Oregon vole captures were similar

across treatments. More female small mammals were captured in uncut and thinned

stands than in clearcut stands, although there were no detectable treatment differences for

mean weight, body length, or other reproductive characteristics measured (Table 3.3,

Figure 3.3d).



Table 3.2. Daily means (N = 184) and standard errors (SE) ofweather data recorded with HOBO data collectors 20 May to 20

November 1999 from low (790 m) and high (1220 m) elevation stands from each of the three silvicultural treatments (clearcut, thin,

uncut) within blocks 2 and 5, respectively. Weather variable meansassociated with different superscript letters within a row are

significantly different at P < 0.1.

Weather variables
High Low

Clearcut Clearcut
Clearcut

Mean
High
Thin

Low
Thin

Thin
Mean

High
Uncut

Low
Uncut

Uncut
Mean

MeanTemp(°C) 13.8 16.1 14.9a 13.4 14.6 14.O' 12.4 14.0

(SE) (0.40) (0.37) (0.39) (0.38) (0.34) (0.36) (0.37) (0.33) (0.35)

Mm. Temp (°C) 3.8 5.0
44a 7.6 75 75b 8.4 8.0 8.21

(SE) (0.27) (0.27) (0.27) (0.30) (0.27) (0.29) (0.33) (0.27) (0.30)

Max. Temp (°C) 26.7 33.2 29.9a 21.4 27.3 24.3" 16.9 22.5 19.7c

(SE) (0.71) (0.72) (0.72) (0.55) (0.62 (0.59) (0.46) (0.54) (0.50)

Meanrelativehuniidity(%) 70.6 65.6 68.la 69.7 67.6 68.7a 68.9 72.3 70.6a

(SE) (1.41) (1.28) (1.35) (1.52) (1.45) (1.49) (1.72) (1.33) (1.53)

Mm. relative humidity (%) 36.7 24.2 30.5' 42.3 32.0 372" 49.6 45.8
477C

(SE) (1.94) (1.55) (1.74) (1.98) (1.94) (1.96) (2.08) (2.04) (2.06)

Max. relative humidity (%) 95.6 96.0 95.8a 89.0 90.9 90l 84.0 90.4 87.21

(SE) (0.84) (0.92) (0.88) (1.19) (1.02) (1.11) (1.46) (0.85) (1.15)



Table 3.3. Abundance and reproductive condition of small mammals captured under three silvicultural treatments (clearcut,
thin, uncut) in SW Oregon mixed-conifer forest. Mean values (+ SE) represent the number of individuals captured in 36 pitfall
traps per stand (10-rn spaced square grid) over 28 consecutive days (1008 trap nights) averaged across six stands per treatment
(n = sample size). Within row means with different superscript letters are different, P
for differences due to small sample sizes.

0.1. Means without letters were not tested

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE n Mean SE n Mean SE n
TOTAL1

Species richness (no. of species)

Diversity (N)2

Male/female'

No. females

No. males
INSECTIVORES

Weight (g)1

Bodylength(mm)

Testes volume (mm3)
TROWBRIDGE SHREW

(Sorex trowbridgii)

Male/female
No. females

17.8a

37a

2.8a

1.9a

6.2a
93a

43a
593a

75a

6.8a

l.8a

2.6

2.88

0.33

0.31

0.54

1.45

1.89

0.26

1.06

2.56

1.62

0.88
1.21

107

18

18

18

37

56

74

75

41

42

18

13

288b

3.7k'

2.1"

1.8k'
113b

13.7a

4.2a

58.6a

3.0k'

21.7"

1.5k'

0.9

1.68

0.33

0.13

0.79

1.89

0.99

0.13

0.56

0.55

1.45

0.51
1.39

173

18

18

18

68

82

139

143

71

129

18

55

29.3"

4.8"
25ab

l.3a
112b

145a

45a

594a

2.8a

21.2"
1.sa

7.83

4.45

0.48

0.28

0.19

0.98

2.50

0.09

0.81

0.67

2.94

0.31

1.08

176

18

18

18

67

87

136

139

73

127

18

46

456

n/a

n/a

n/a

172

225

n/a

n/a

n/a

298

260
114

100.0

65.4



Table 3.3 (Continued)

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE n Mean SE n Mean SE n
No. males 4.4 0.60 21 10.3 0.92 62 10.3 1.58 63 146

No. reproductive females3 0.4 0.24 2 0.8 0.31 5 1.0 0.52 6 13

No. reproductive males4 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0 0

Weight(g)1 4.2a 0.15 36 4.2a 0.08 118 43a 0.04 120 n/a

Body length (mm) 58.3a 0.96 37 58.8a 0.64 121 58.5a 0.72 123 n/a
Testes volume (mm3) 1.5a 0.26 21 3.Oa 0.66 62 2.3a 0.52 63 n/a

VAGRANT SHREW5

(Sorexvagrans) 5.8a 1.47 35
27ab

0.80 16
07b

0.33 4 55 12.1

Male/female 2.3a 1.21 18 o.3a 0.33 18 1.Oa 0.00 18

No. females 2.5 0.85 15 1.0 0.55 5 0.3 0.33 1 21
No. males 2.8 0.95 17 0.8 0.49 4 0.3 0.33 1 22
No. reproductive females 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0 0

No. reproductive males 0.8 0.65 5 '0.0 0.00 0 0.0 0.00 0 5

Weight(g)1 39a 0.22 35 3.8k' 0.12 16
39a 0.35 4 n/a

Bodylength(mm) 575a 1.31 35 52.8a 1.29 16 58.5a 2.02 4 n/a

Testes volume (mm3) 13.2a 8.00 17 1.5a 0.00 4 2.0 0.00 1 n/a
PACIFIC SHREW

(SorexpacfIcus) 0.2 0.17 1 0.5 0.50 3 1.5 0.81 9 13 2.9



Table 3.3 (Continued)

Variables

Clearcut Thin Uncut
Total

Captures
Percent

CapturesMean SE n Mean SE n Mean SE n
SHREW-MOLE

(Neurotrichusgibbsii) 0.3 0.33 2 0.3 0.33 2 0.3 0.33 2 6 1.3
FOG SHREW

(Sorexsonomae) 0.0 0.00 0 0.2 0.17 1 0.0 0.00 0 1 0.2
UNIDENTIFIED SHREWSPP 0.2 0.17 1 0.2 0.17 1 0.2 0.17 1 3 0.7

RODENTS

Weight (g)1 22.6a 7.09 26 17.4a 1.76 20 18.4a 1.97 32 n/a

Body length (mm) 87.4a 9.63 26 87.Oa 2.66 20 88.2a 3.35 33 n/a

Seminal vesicle length (mm) 3.la 0.61 9 8.4a 2.41 9 6.8a 1.35 12 n/a

Testesvolume(mm3) 21.6a 10.30 11 131.8a 54.09 10 119.la 28.55 13 n/a

DEER MOUSE5

(Peromyscusmaniculatus) 2.Oa 1.44 12 1.Oa 0.63 6 1.7a 0.65 7 25 5.5

No. females 0.7 0.33 2 0.7 0.67 2 1.7 1.20 5 9

No. males 2.0 1.53 6 0.7 0.33 2 0.3 0.33 1 9

No. reproductive females 0.3 0.33 1 0.0 0.00 0 0.7 0.33 2 3

No. reproductive males 0.0 0.00 0 0.3 0.33 1 0.0 0.00 0 1

Weight(g) 9.8 0.33 12 18.0 3.55 5 13.1 1.38 7 n/a
Body length (mm) 62.2 1.18 12 74.4 8.60 5 65.8 7.51 7 n/a

Testesvolume(mm3) 102.8 72.20 4 251.3 171.25 2 45.0 0.00 1 n/a



Table 3.3 (Continued)

Variables

Clearcut Thin Uncut
Total Percent

Captures CapturesMean SE n Mean SE n Mean SE n

WESTERN RED-BA CKED VOLE5

(Clethrionomys calfornicus) 0.oa 0.00 0 15ab 0.96 9
25b 0.56 15 24 5.3

No. females 0.0 0.00 0 1.7 1.20 5 0.8 0.31 5 10

No. males 0.0 0.00 0 1.3 0.67 4 1.7 0.42 10 14

No. reproductive females 0.0 0.00 0 0.3 0.33 1 0.2 0.17 1 2
No. reproductive males 0.0 0.00 0 0.3 0.33 1 1.0 0.26 6 7
Weight (g) 0.0 0.00 0 17.4 4.90 9 18.2 1.93 15 n/a
Body length (mm) 0.0 0.00 0 87.0 7.00 9 92.6 4.27 15 n/a

Testes volume (mm3) 0.0 0.00 0 257.4 251.15 4 274.8 47.23 10 n/a

OREGON VOLE5

(Microtusoregoni) 1.3a 0.71 8 0.8a 0.65 5 0.8 0.31 5 18 3.9
No. females 1.7 0.67 5 0.5 0.50 1 1.0 0.00 4 10

No. males 1.0 0.58 3 2.0 1.00 4 0.3 0.25 1 8

No. reproductive females 0.7 0.33 2 0.5 0.50 1 0.3 0.25 1 4
No. reproductive males 0.7 0.67 2 2.0 1.00 4 0.0 0.00 0 6
Weight (g) 13.7 0.30 8 19.5 0.50 5 14.0 0.94 5 n/a
Body length (mm) 82.1 0.60 8 96.5 1.50 5 84.0 3.81 5 n/a
Testes volume (mm3) 36.0 26.00 3 195.2 67.15 4 80.0 0.00 1 n/a

PACIFIC JUMPING MOUSE
('Zapus trinotatus) 0.0 0.00 0 0.0 0.00 0 0.2 0.17 1 1 0.2



Table 3.3 (Continued)

3number of reproductive females are those with embryos, embryo scars or visible nipples
' number of reproductive males are those with externally positioned testes or visible epididymal tubules.

5square root transformed for analysis

Variables

Clearcut Thin Uncut
Percent

CapturesMean SE n Mean SE n Mean SE n
Total

Captures
MAZ4MA POCKET GOPHER

(Thomomysmazama) 0.5 0.34 3 0.0 0.00 0 0.2 0.17 1 4 0.9

WHITE-FOOTED VOLE
(Phenacomys albipes) 0.3 0.33 2 0.0 0.00 0 0.0 0.00 0 2 0.4

UNIDENTIFIED VOLE SPP. 0.2 0.17 1 0.2 0.17 1 0.7 0.49 4 6 1.3

1natural log transformed for analysis

2Shannon diversity index (Krebs 1999)
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Figure 3.3. Means (and standard errors) of small mammal captures from 18 stands in SW
Oregon mixed-conifer forest represented in three silvicultural treatments: clearcut,
commercial thin, and uncut stands. P-values are results from two-way ANOVA analysis.
Treatment means were compared using least square means multiple comparisons;
different letters represent a difference in means, p < 0.1. Trend lines are explained in the
Discussion section.
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Habitat associations

Of 291 regression models run at the microsite scale to evaluate relationships

between Trowbridge shrew captures and habitat characteristics, four models had 1, 2

AIC as explained in the methods section (Appendix B-i). Shrew captures were

correlated most strongly with increased canopy cover, and canopy cover occurred in all

four acceptable models (Table 3.4a). Shrew captures were also positively correlated with

downed wood decay classes 1 and 3, and herb cover.

Of the 93 models run for Trowbridge shrew at the stand scale, 12 models had 1,

4 AIC (Appendix B-rn). Tree basal area occurred in all 12 models and was the strongest

explanatory variable followed by soil bulk density (Table 3.4b).

Four of 16 models run to assess microdimatic relationships had t, 4 AIC

(Appendix B-n). The three variables represented (daily maximum relative humidity,

rainfall, and minimurn temperature) were positively correlated with shrew captures, but

maximum relative humidity was by the strongest determinant weight sums (Table 3.4c).

Peak shrew captures coincided with both peak rainfall and maximum relative humidity

(Figure 3.4).



Variable
Tree basal area (m2/ha)
Soil bulk density (g/cm3)

% herb cover
Down wood decay 1 (m3fha)
Down wood decay 2 (m3fha)
Duflhlitter (cm)

% shrub cover
Down wood decay 3 (m3tha)

Estimate
range

0.0 17 - 0.024

1.306 - 1.991

-0.0 11

1.003

1.005 - 1.006
0.04 1 - 0.06 1

0.007 - 0.017

0.999

Weight
sums
0.44
0.14

0.08
0.08
0.08
0.07
0.06

0.05

Number of final
models with this variable

12

5

1

2

2

2

2

Estimate
Variable range
Maximum relative humidity (%) 0.037 - 0.045

1.153 1.158Rain -(mm)

Minimum Temperature (°C)

Weight
sums
0.73

0.15

Number of final
models with this variable

4

2
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Table 3.4. Multiple linear regression results for Trowbridge shrew captures in relation to
habitat characteristics. Variables, range of parameter estimates, and weight sums for
variables occurring in the 'best models' subset based on the Akaike's Information
Criterion (Burnham and Anderson 1998) are presented for microsite and stand scales, and
microclimatic assessment.

Micro-site scale a

Total no. of models run: 291
No. of models within AIC L1 2: 4
Sample size: 298

Estimate Weight Number of final
Variable range sums models with this variable

% Canopy cover 0.013 - 0.018 0.44 4

Down wood decay 1(m3/ha) 1.017 - 1.08 0.18 4

Down wood decay 3(m3/ha) 1.070 - 1.08 0.16 3

% Herb cover 0.005 0.14 2

% Shrub cover -0.006 0.08 1

0.040 - 0.042 0.12 2

Stand scale b

Total no. of models run: 93
No. of models within AJC L, 4: 12
Sample size: 298

Microclimate assessment C

Total no. of models run: 16
No. of models within AIC L, 4: 4
Sample size: 298



Figure 3.4. Total Trowbridge shrew captures versus mean daily weather conditions
during fall 1999 pitfall trapping on 18 stands in the Umpqua National Forest, Oregon.
Only half of the traps (N 324) were open the first and last three days. Mm =
minimum, Max maximum, RH = relative humidity.
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DISCUSSION

Small mammal habitat relationships were evaluated in three silvicultural

treatments located in the southern Oregon Cascades: clearcuts, commercial thins, and

uncut stands. The three silvicultural treatments represented a dine of stand conditions

with clearcut and uncut stands at opposite sides of the spectrum. The different

management prescriptions altered the structural and biological conditions of stands in

unique ways. It is, therefore, not surprising that small mammals responded differentially

to the three treatments. Six major response trends observed are discussed below.

Trend 1: Negative Relationship with Increasing Harvest Intensity

Western red-backed voles typified this trend. They were found most often in

uncut stands and least often in clearcuts (none captured) (Figure 3.3 a). The decrease of

red-backed vole captures in harvested stands may reflect several changes in stand

structure resulting from harvest. First, red-backed voles are strongly associated with

downed wood, especially large (Doyle 1987, Hayes and Cross 1987) and well-decayed

wood (Tallmon and Mills 1994, Gilbert and Aliwine 1991a, Doyle 1987). In this study,

there was an obvious trend for decreasing well-decayed (decay class 3) downed wood

volume with increase in harvest intensity (Table 3.1). Well-decayed downed wood

provides ideal inoculation sites for mycorrhizal fungi (Schowalter et al. 1992), an

essential food item for these voles (Hayes et aL 1986, Ure and Maser 1982). Red-backed

voles are sensitive to dehydration (Getz 1961) and decayed wood, with its high water

holding capacity (Franklin et al. 1981), may function as a refuge during dry periods.
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Downed wood also provides protection from predators and serves as runways for

negotiating through the forest floor (Craig 1995, Barry and Francq 1980).

Second, the uncut stands in this study were consistently moister and had less

variable microclimatic conditions then harvested stands (Table 3.2). Both laboratory

(Getz 1961) and field analyses (Maguire 1999, Vickery and Rivest 1992) suggest that

red-backed voles are sensitive to dry environments. Uncut forests, therefore, likely offer

voles longer periods of suitable weather conditions for activities related to foraging,

mating, nest building etc.; this should benefit species persistence over time.

Third, there is evidence that timber harvesting can significantly reduce the

quantity of below-ground fungus production (Colgan et al. 1999, Clarkson and Mills

1994), which adversely affects fungal food availability for voles. Red-backed voles not

only consume mycorrhizal fungi but they disperse their spores as well. Therefore, a

decrease in red-backed vole abundance could impede re-establishment of mycorrhizal

fungi in cut stands. Because mycorrhizal fungi play a key role in plant growth and

vitality (Fogel and Trappe 1979) red-backed voles play an important role in forest

ecosystem functions.

Trend 2: Negative Response to Timber Harvest but no Differential Response
Between Thinned and Clearcut Stands

Small mammal species richness typified this trend. Species richness was highest

in uncut stands but reduced in both thin and clearcut stands (Figure 3.3b). According to

Hunter (1990) and others, habitat differentiation, especially vertical structure, allows

many species to coexist in a given area. Components that create vertical heterogeneity in

forest stands, such as live tree and snag abundance, were reduced in both clearcut and
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thinned stands (Table 3.1). Likewise, vegetative composition in the form of trees species

diversity index and dominant shrub and herb species was reduced or changed in clearcut

and thinned stands (Appendix A).

These structural and compositional changes can directly impact the presence or

absence of small mammal species. For instance, production of food sources such as

mast, fungus, and invertebrate populations may be affected by tree removal. Mast

production may be more diverse, consistent, and abundant in stands having a diversity of

tree species, as seen in uncut stands (Table 3.1). Fungus, invertebrate populations, and

other small mammal food resources, are also sensitive to tree removal (Duguay 2000,

Colgan et al. 1999, Greenberg and McGrane 1996, Helle and Muona 1985, Ure and

Maser 1982). A decline or change in food production could affect the abundance of

suitable prey available to small mammals, and therefore, affect small mammal species

representation in a given stand.

Trend 3: Negative Response to Clearcutting but not to Commercial Thinning

Trowbridge shrew and total small mammal captures (Figure 3.3c) typified this

response. Trowbridge shrews comprised 65% of all mammals captured, therefore, they

clearly influenced the trend of small mammals as a group. Hooven and Black (1976),

Tevis (1956), and Aubry et al. (1997) also captured fewer Trowbridge shrews in clearcut

stands than in less intensively managed stands and Suzuki (2000) found no immediate

effects on Trowbridge shrew when 35- to 45-yr old stands in the Oregon Coast Range

were thinned The number of female captures, male captures, Trowbridge shrew and

rodent testes volumes (Figure 3.3d), and rodent seminal vesicle length also followed this
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trend (Table 3.3). Trowbridge shrew captures were the driving force behind the number

of male and female captures. Microclimatic conditions, prey availability, and downed

wood size in thinned and uncut stands may explain this trend.

Laboratory analyses have shown some shrew species have large water

requirements and may not be able to withstand dry conditions (Chew 1951). Thinned and

uncut stands had consistently cooler and moister conditions than clearcut stands (Table

3.2) and, therefore, may be too hot and dry to support Trowbridge shrews.

This study (Table 3.4, Figure 3.4) and others show that shrews are more active

during periods of high humidity (Pankakoski 1979, Getz 1961) and rainfall (Doucet and

Bider 1974). By remaining active during rainy, humid periods, Trowbridge shrews may

exploit an abundant prey source while simultaneously meeting hydric constraints.

Gastropods (snails and slugs), a common prey item (Whitaker and Maser 1976), are

sensitive to dehydration, and they also are most active when conditions are cool and

moist (South 1992, Machin 1975). Incidentally, gastropods and another prey, crickets,

followed the same capture pattern as Trowbridge shrews (Figure 2.3d and e). The decline

of these important prey in clearcut stands may, therefore, affect Trowbridge shrew

abundance.

Unlike some (Butts and McComb 2000, Carey and Johnson 1995, Lee 1995,

Terry 1981), this study did not find positive correlations between Trowbridge shrew

captures and downed wood. Diameter and length of downed wood, however, followed

the same trend as Trowbridge shrew captures (Table 3.4). This suggests that large

downed wood may be an important habitat attribute for Trowbridge shrew.
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Trowbridge shrew captures also may be driven by soil conditions. Captures were

positively correlated with bulk density (Table 3.4), a common measure of soil

compaction. Bulk density, however, was positively correlated with % clay and silt (fme

particles) and negatively correlated to % sand. Therefore, it is possible that Trowbridge

shrews are responding positively to soils with a high silt or clay composition rather than

to bulk density. Soil texture plays a large role in determining soil properties, for

example, soils dominated by sand drain easily and are prone to drought while soils

dominated by silt and clay are able to retain more water (Brady and Weil 1999).

Trowbridge shrews are soil burrowers (Terry 1981) and it is likely that soil texture

influences where shrews construct their tunnels. Tunnels constructed in silt and clay

could be stronger and moister than ones created in sand.

The two trends witnessed for reproductive characteristics, testes volume and

seminal vesicle lengths, suggest that at the time of the study more Trowbridge shrews and

rodents were reproductively active in uncut and thinned stands than clearcut stands. This

suggests that uncut and thinned stands may provide more suitable conditions for these

animals than clearcut stands. Because data were collected during a short temporal

window and not across seasons, it is difficult to draw reliable conclusions from this

information.

Trend 4: Positive Response to Increasing Timber Harvest

This response was typified by vagrant shrews, where captures were highest in

clearcuts and lowest in uncut stands (Figure 3.3e). Other studies have documented that

vagrant shrews commonly inhabit young, grassy stands resulting from timber harvesting
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or natural disturbances (West 1991, Morrison and Anthony 1989, Cornet al. 1988, Teny

198 1, Hooven 1973). Vagrant shrews appear able to withstand the dry, hot conditions of

clearcuts (Table 3.2, and 3.3). Unlike Trowbridge shrews, who burrow in the soil,

vagrant shrews travel between the interface of forest floor vegetation and soil (Terry

198 1). Because herb cover is the primary source of protection for vagrant shrews,

vagrant shrews may be responding positively to increased herbaceous cover in the

clearcut stands (Carey and Johnson 1995, Table 3.1). They also may be responding to the

abundant beetle (Coleoptera) population found in clearcut stands (Figure 2.3h). Beetle

adults and larvae are one the most important prey item for vagrant shrews, constituting

more than 15% of their diet (Whitaker and Maser 1976). Downed wood may also act as

an important habitat component for vagrant shrews. Craig (1995) found that vagrant

shrews used downed wood as travel routes and cover. In this study, the volume of

moderately decayed (decay class 2) downed wood shows the same trend as vagrant shrew

captures (Table 3.1).

Trend 5: Positive Response to Clearcutting and Negative Response to Thinning

Small mammal diversity (Figure 3.31) and the vagrant shrew male/female capture

ratio (Figure 3.3 g) followed this trend. Small mammal diversity may be depressed in

thinned stands because these stands posses neither the complex canopy structures

indicative of mature forests nor the herbaceous meadow-like conditions characteristic of

clearcut stands. Mature forest habitat characteristics, such as live tree basal area, canopy

cover, snag abundance and basal area, and duffllitter depth (McComb et al. 1993) were

reduced in thinned stands compared to uncut stands (Table 3.1). Open forest habitat
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characteristics, such as herb cover and relative solar radiation (inverse of relative shade),

were reduced in thinned stands compared to clearcut stands (Table3.1). Like all

silvicultural treatments, thinning is an anthropogenic disturbance. Many animals are able

to persist in harvested stands presumably because the stands contain habitat features

common to naturally disturbed stands. Thinned stands may not contain such habitat

features and, therefore, forest animals may not be adapted to fully exploit the conditions

found in thinned stands.

Male vagrant shrews were captured more than twice as frequently as females in

clearcut stands, the silvicultural treatment where vagrant shrews were captured most

frequently. This may be a home range size phenomenon rather than a discrepancy

between male and female captures. Male small mammals generally have larger home

ranges than females (Tallmon and Mills 1994, Hooven 1973) and the greater traveling

distance experienced by males make them more likely to encounter a trap, inflating male

capture numbers.

Trend 6: No Differences among the Three Silvicultural treatments

This pattern was typified by deer mice (Figure 3.3h) and Oregon voles. These

results confirm that deer mice are habitat generalists and not seriously impacted by

timber harvest (Sullivan Ct al. 2000, Von Trebra et al. 1998, Aubry et al. 1997, Medin

1986). Deer mice are opportunistic feeders and their diet is a reflection of their

environment. For example, mice inhabiting clearcuts consume resources available in

open habitat such as insects and herbaceous vegetation (Tevis 1956), while mice in

forested habitat primarily consume conifer seeds (Hooven and Black 1976, Tevis 1956).



On the other hand, low captures of Oregon voles precluded determining treatment

differences for this species.

Most reproductive parameters such as Trowbridge shrew male/female ratio,

Trowbridge shrew testes volume, insectivore testes volume, and all weight and length

measurements did not show relationships with the three silvicultural treatments. This is

not surprising because reproductive activity was largely fmished at the time of the study

(Verts and Carraway 1998, Lee 1995, Hooven et al. 1975, Hooven 1973). This is

supported by the low percentage (12%) of animals captured that showed signs of

reproductive activity (e.g., embryos, embryo scars, epididymal tubules).

CONCLUSION

The results of this study show that ground-dwelling small mammal species

respond differentially to forest harvest. Five species of small mammals along with an

array of reproductive characteristics and body conditions were analyzed for treatment

differences. Total small mammal captures were highest in thinned and uncut stands and

lowest in clearcut stands. Of the five species of small mammals analyzed, two species

were found less frequently in clearcuts than uncut stands (western red-backed vole and

Trowbridge shrew) and one species (vagrant shrew) was found most frequently in

clearcuts. Two additional species showed no treatment differences (deer mouse and

Oregon vole). No species had reduced captures in thinned stands, although small

mammal diversity was lower in thins than in clearcuts. Small mammal species richness

was higher in uncut stands than in both thinned and clearcut stands.

145



146

These results suggest that both Trowbridge shrews and western red-backed voles

are sensitive to clearcut conditions. Both of these species are affiliated with mature to old

forest stand structures (e.g., high canopy cover and abundant decayed downed wood).

Species that were either not effected or were positively effected by harvesting (i.e. deer

mice and vagrant shrews) appear to favor early seral conditions, have higher ecological

tolerances, or are capable of adapting to changed environments. These results suggest

that thinned stands provide valuable habitat for the five species analyzed and better

habitat for Trowbridge shrew and western red-backed vole than clearcut stands.

Thinning, therefore, may provide a viable timber supply while maintaining wildlife

habitat. However, as suggested by the low species richness and diversity indices,

thinning may not benefit some of the other, more rare captures (Table 3.1, Figure 3.3b

and f). Because small mammal response to forest management appears to be species

specffic it is likely that a diverse array of silvicultural systems are necessary tomaintain

viable populations across the landscape.

INFERENCE AND LIMITATIONS

This was a prospective study, therefore, causal relationships could not be

established. This study was conducted in mature to old Douglas-fir forests in the

southern Oregon Cascades and results are only directly applicable to similar forest types.

However, this study may provide relevant information to other regions with similar

vegetative compositions and forest structures.
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CHAPTER 4:

THE COMPARATIVE EFFECTIVENESS OF THREE TECHNIQUES
FOR SALAMANDER AND GASTROPOD LAND SURVEYS

ABSTRACT

This study compared three terrestrial salamander and gastropod trapping

techniques: pitfall traps, ground searches, and cover boards. The study was conducted on

18 stands with three different management histories in the Umpqua National Forest,

southern Oregon Cascades. A total of 648 pitfall traps were open for 28 consecutive days

in fall 1999. Two hundred twelve amphibians (eight species) and 202 gastropods (six

species) were captured. Also in fall 1999, ground searches over 3600 m2 resulted in the

detection of 19 amphibians (two species) and 130 gastropods (six species) were captured.

Cover boards, in groups of two, were placed in each stand and checked four times in fall

1999 and once in spring 2000 after snow melt. Cover boards attracted no amphibians and

only two gastropods (one species). Pitfall traps were more efficient at capturing

amphibians than ground searches (0.41 captures per person-hour versus 0.25 captures per

person-hour) but less efficient at capturing gastropods than ground searches (0.39

captures per person-hour versus 1.73 captures per person-hour). Cover boards as used

were ineffective at capturing either amphibians or gastropods. These results are heavily

influenced by the climatic conditions of the southern Oregon Cascades.

INTRODUCTION

In the Pacific Northwest, three methods commonly are used to sample terrestrial

salamanders: pitfall trapping, ground searches, and cover boards. There are many pitfall
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trap variations, but generally, a pitfall consists of a deep depression in the ground that

entraps animals that fall into it and restricts their escape. Often drift fences are added to

channel animals into the trap (e.g. Campbell and Christman 1982) and a small board may

be propped above the opening to maintain a favorable environment within the pit, i.e.

high humidity and cool temperatures (e.g. Corn and Bury 1990).

Pitfall traps have been used to estimate the seasonal activity, reproductive status,

and abundance of particular species (e.g. Corn and Bury 1990, Campbell and Christman

1982). There is evidence, however, that salamander abundance estimates derived from

pitfall surveys are biased (Heyer et al. 1994, Corn and Bury 1991). Sub-surface activity,

arboreal junkets (see Nussbaum et al. 1983), and sedentary behavior will decrease the

probability of capture. Consequently, trappability differs widely among species (Corn

and Bury 1990, Bury and Corn 1987, Campbell and Christman 1982) resulting in a

possible misrepresentation of the species assemblage in the sampled area.

Ground searches entail the active pursuit of salamanders on the forest floor within

a defmed area (area-constrained search) or over a defmed time period (time-constrained

search) or a combination of both (time- and area-constrained search) (Heyer et al. 1994).

Searches occur during the night or day and vary in intensity. "Low intensity" searches

target surface-active salamanders with little disruption of the forest floor. "Intensive"

searches, conversely, involve the intentional manipulation of forest floor litter and

associated structures to uncover concealed amphibians.

Ground searches provide information on presence/absence and microhabitat use

and are commonly used for inventory and target species detections (Olson et aL 1999,

Corn and Bury 1990). Ground searches, however, are inappropriate techniques for
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measuring abundance due to possible search bias (Corn and Bury 1990). Areas with little

forest floor complexity can be examined more thoroughly than areas with abundant

downed wood and vegetation cover. Salamanders may be difficult to detect in the

structurally complex environments that, in fact, may provide more suitable habitat (Corn

and Bury 1990). In addition, the ability to detect salamanders differs among investigators

and results in inconsistent data collection.

Cover boards can effectively capture salamanders in some areas (Monti et al.

2000, Harpole and Haas 1999, Davis 1998, DeGraff and Yamasaki 1992). Cover boards

consist of wooden boards, of various dimensions, that are placed on the forest floor to

simulate natural downed wood, a desirable habitat feature for many salamander species.

Because cover boards can be checked repeatedly without disturbing the forest floor, they

have been proposed for long-term monitoring projects (Heyer et al. 1994).

Gastropods are not as extensively surveyed as salamanders in the Pacific

Northwest. In 1994, the Northwest Forest Plan Survey and Management Standards and

Guidelines (USDA and USD1 1994) listed 43 snails and slugs as species of concern. A

unique search procedure was developed for gastropod detection (USDA and USD1 1997).

In this technique, a 10-rn wide strip is strategically located in a sample area. Within this

strip, brief searches are made of solitary gastropod habitat structures, such as downed

wood or leaf lifter, while intensive searches are conducted across the entire area

containing clusters of potential habitat. This survey method was designed to assess the

presence or absence of target species, but not to estimate abundance or evaluate habitat

use. A second survey technique involving soil cores, however, does estimate population

and habitat use (Mason 1970b). Soil is extracted and placed into hot water; gastropods
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killed in the process subsequently sink to the bottom and are extracted from the container.

Unfortunately, this method results in mortalities, is time intensive, and is biased towards

small, litter-dwelling gastropods excluding individuals inhabiting dead wood or

vegetation. As a result of the deficiencies associated with current gastropod survey

techniques, the need exists to evaluate alternative methodologies for their efficiency and

effectiveness.

Gastropods often occupy habitats utilized by terrestrial salamanders and

consequently, snails and slugs frequently are encountered while surveying for

salamanders. Therefore, the objective of this study was to compare the efficacy of pitfall

traps, timed- and area-constrained searches, and cover boards for capturing both

salamanders and gastropods in forest environments.

STUDY AREA AND METHODS

This study was conducted in the Umpqua National Forest, Oregon (Douglas

County, 43°15'N latitude, 122°30'W longitude) in the Mixed-Conifer Zone (Franklin and

Dyrness 1988) (Figure 4.1). Stands in three different management regimes (clearcuts,

commercial thins, and intact uncut stands> 135- yrs old) were selected in each of six

blocks for a total of 18 stands (Table 4.1, Appendix A). Clearcut and thin stands were

harvested 7- to 11 -yrs and 10- to I 6-yrs prior to data collection, respectively. Clearcut

and thin stands ranged from 93- to 256-yrs old at harvest. Elevations ranged from 790 to

1200 m and slopes were between 0 and 60 %. The forest overstory was dominated by

Douglas-fir (Pseudotsuga menziesii), but also contained sugar pine (Pinus lambertiana),



Figure 4.1. Locations of six study blocks (represented by numbered circles) each
comprised of clearcut, commercial thin, and uncut silvicultural treatments in the Umpqua
National Forest, southern Oregon Cascades.
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Table 4.1. Stand characteristics of three silvicultural treatments in mixed-conifer forest
in the Umpqua National Forest. N = six stands per silvicultural treatment.
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Stand Characteristics Ciearcut Thin Uncut

Age at harvest (yrs.) 96-256 93-229 N/A

Age since harvest/disturbance (yrs.) 5-11 10-16 135-256

Mean stand size (ha) 32.3 42.3 47.7

Mean elevation (m) 1021.1 1016.0 1071.9

Mean slope (%) 24.6 22.3 26.6

Mean aspect (0 to 1) 0.5 0.6 0.5

LIyE TREES (>5cm dbh):
Meanbasalarea(m2/ha) 0.1 31.1 61.7

Mean number of trees (#/ha) 26.6 192.0 595.9

Mean dbh(cm) 0.1 75.6 81.6

Relative density 0.0 0.3 0.7

Canopy(%) 1.0 67.3 88.5

UNDERSTORY:
Mean shrub cover (%) 10.1 20.8 16.9

Mean herb cover (%) 70.4 59.3 50.8

SNAGS:

Mean bisal area (m2fha) 0.8 3.3 9.4

Meannumberoftrees(#/ha) 21.2 54.0 157.3

Meandecay class (1-3) 1.8 1.6 2.4

Mean snag volume (m3fha) 1.2 21.7 73.6

DOWNED WOOD:

Mean total volume (m3/ha) 153.5 178.0 189.4

Mean decay 1 (m3/ha) 32.7 74.2 40.6

Mean decay 2 (m3/ha) 71.7 35.7 27.9

Mean decay 3 (m3/ha) 49.0 68.1 120.8

Meandecay class (1-3) 2.1 2.1 2.2

Mean diameter (cm) 11.7 14.6 16.1

Meanlength(m) 252.0 611.6 816.3

Mean cover (%) 0.1 0.1 0.1

FOREST FLOOR:
Mean duff and litter depth (cm) 4.6 5.2 7.4
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ponderosa pine (P. ponderosa), incense-cedar (Calocedrus decurrens), and white fir

(Abies concolor) (Chappell et al. 2001, Franklin and Dyrness 1988). Understory

vegetation contained rnanzanita (Arctostaphylos spp), Oregon grape (Berberis spp.), salal

(Gaultheria shallon), pacific rhododendron (Rhododendron macrophyllum), beaked hazel

(Corylus cornuta), vine maple (Acer circinatum), trailing blackberry (Rubus ursinus),

ceonothus (Ceonothus spp.), and bracken fern (Pieridium aquilinum).

Pitfall traps were arrayed in a 6 X 6 grid with 10-rn spacing between gridpoints;

grids were randomly located in the interior of each stand (Figure 4.2). All grids were

oriented up-slope and were at least 20 m from roads, other stands, and water. Traps were

constructed of two # 10 cans joined together with duct tape creating a cylinder with a

solid bottom and open top. The joined cans were then placed in the ground with the top

rim flush with the forest floor (Corn and Bury 1990). A plastic collar, or inverted funnel,

made from a 1 -pound margarine tub with the bottom removed was placed on the trap

opening to restrict animal escapes. Natural materials (e.g. wood, moss) were added to

each pitfall to shelter captured animals, and punctured holes were added to the bottom to

drain rainfall and surface runoff. Traps were placed within 2 m of each grid point (Figure

4.2) adjacent to a natural drift fence, such as a downed log. Pitfall trapping occurred

from 20 October to 19 November 1999. Blocks 1, 2, and 3 were open from 23 October to

19 November and blocks 4, 5, and 6 were open from 20 October to 16 November. Pitfall

traps were functional for 28 consecutive days on each stand and checked daily. Captured

salamanders were identified to species, weighed, measured (total length and snout-vent

lengths), and sexed when possible; gastropods were identified at least to the genus level.

All captures were released between trapping stations near a suitable cover object.



Figure 4.2. Schematic of sample grid and data collection locations on each stand. Solid
circles represent sampling gridpoints where pitfall traps were installed, dotted lines are
strip transect search locations, and 'CB' designates cover board locations.
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Timed- and area-constrained ground searches of intermediate intensity were

performed during daylight hours on seven, 50 X 1 m strip transects positioned vertically

across the animal sampling grid points during spring and fall 1999 (Figure 4.2).

Salamanders, snails, and slugs were located by hand searching through bark piles,

downed wood, litter, and other forest floor objects within each transect (Corn and Bury

1990). "Moving rules" were applied (Olson 1999) such that no single object was

searched for more than five minutes and the total search time was 30 person-minutes per

transect. Spring sampling was cut short due to unusually hot and dry conditions and only

350 m2 of ground was searched (seven transects). While fall sampling was more

productive than spring, only four of the seven planned transects per stand were surveyed

due to freezing temperatures and snow (3600 m2; 72 transects total). Salamander and

gastropod data recorded were as described under pitfall sampling. All animals were

released in the vicinity if their capture.

Cover boards measuring 1 X 100 X 100 cm were placed in two stacks of two

boards, adjacent to the pitfall grid (four boards per stand). The boards were reclaimed

Masonite pegboard bonded with nontoxic blood meal glue. Small pieces of wood (-45

cm-long X 2 cm-diameter) were placed underneath and between the stacked boards to

create entry gaps for animals. Cover boards were placed by 23 October 1999 and were

checked once weekly during the pitfall trapping session for a total of four fall samples.

Cover boards remained in place on the stands until they were re-checked on 24 May

2000, after snow melt.
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RESULTS AND DISCUSSION

Winter 1998-1999 was characterized by an unusually heavy and late snowfall.

Consequently, spring ground searches did not begin until 20 May when stands became

snow-free. Searches lasted only one week and many search days were curtailed,

however, because weather conditions became dry and hot. By late morning on a typical

day, ambient relative humidity fell below the 45-65% minimum associated with above-

ground salamander activity (Figure 4.3, Olson 1999) and soil conditions were often dry

beneath litter layer, downed wood, or rock. As a result, spring ground searches consisted

of only 3.5 hours of search time (350 m2 searched) and revealed only one salamander.

Fall 1999 ground searches were more productive than spring searches, but

weather remained a complicating factor. Consistent fall rains did not commence until 26

October, but by 17 November minimum temperatures were dropping below 4.0°C,

conditions considered too cold for sampling terrestrial salamanders (Olson 1999) (Figure

4.4). Four ground search transects per stand were conducted during fall 1999. The

remaining three were not completed due to limited cool, moist days necessary for

sampling. Despite heavy rains in late October, it took over one week for the ground to

become moist in the top few centimeters of the forest floor and underneath common

habitat structures (i.e., downed wood). Ground searches had no installation time, but it

took 103 hours to search the 72 transects (35 m2/person-hour).

Ground searches were more effective than pitfall traps at capturing gastropods,

especially snails. On average, one snail was found per 39 minutes of search time (1.5



Figure 4.3. Clearcut stand temperature (° C) and percent relative humidity on 27 May
1999. This figure represents weather conditions on a typical day during the spring
ground search session. By 1100 hours relative humidity fell below 65%, creating above-
ground conditions inhospitable for salamanders (Littleford et al. 1947) and gastropods
(Machin 1975).
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Figure 4.4. Mean daily temperature (°C) and percent relative humidity from 21 May to 19 November 1999 averaged across
the 18 study stands in Umpqua National Forest, Oregon.
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snails/person-hour; 0.03 snails/rn2) (Table 4.2, 4.3). Only one slug was captured every

5.3 hours (0.2 slugs/person-hour; 0.03 slugs/rn2). The low number of slug encounters

may be explained in three ways. First, slugs may not be abundant in these forest systems.

Second, they may not be easily detectable. Finally, because they lack shells, they are

susceptible to desiccation (South 1992) and may reside deeper in the soil colunm and,

therefore, may be undetected by these ground surveys.

In this study, ground searches were not as effective for detecting salamanders as

they were for gastropods. Salamanders were captured at a rate of one per four search

hours (0.3 salamanders/person-hour; 0.00 5 salamanders/rn2) (Table 4.2, 4.3). Only two

species of salamanders were represented in ground searches compared to five species

captured in pitfall traps (Table 4.3). In addition, frogs were not detected in ground

searches, but they were captured in pitfalls. In comparison, using timed-constrained

searches, Bury and Corn (1988) captured 1.7 salamanders and 0.8 salamanders per

person-hour in Oregon and Washington Cascades, respectively and Welsh (1987)

captured 5.0 salamanders per person-hour in northwestern California and southwestern

Oregon. Capture rates of both gastropods and salamanders may have increased in this

study if searches were conducted at night when conditions were generally cooler and

moister. Personnel risk increases and animals are harder to detect, however, during night

searches (Heyer et aL 1994).

During the 28-day sampling period, pitfall traps captured 202 salamanders

representing five species and 202 gastropods representing six species (Table 4.2). It took

approximately 10 person-hours to install each pitfall grid and approximately 12 person-

hours to check the 648 traps daily. It is estimated that if drift fences were set up,



Table 4.2. Number of individuals and species captured using three capture techniques:
pitfall traps, ground searches, and cover boards.

'terrestrial breeder

pond breeder

8stream breeder
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Species Pitfall Transect Cover board Totai
PITFALL TRAPS
AMPHIBIANS

Total 212 19 0 231

SALAMANDERS
Ensatinat

(Ensatina eschscholtziz) 156 18 0 174

Northwestern sa1amander
(Ambystoma gracile) 20 0 0 20

Rough-skinned newt'
(Taricha granulosa) 16 0 0 16

Clouded salamandert
(Aneidesferreus) 9 1 0 10

Pacific giant salamanders
(Dicamptodon tenebrosus) 1 0 0 1

FROGS
Pacific treefrog"

(Pseudacris regilla) 7 0 0 7

Cascades frog"
(Rana cascadae) 2 0 0 2

Tailed frog5
(Ascaphustruei) 1 0 0 1

GASTROPODS
Total 202 130 2 334

SNAILS
Haplotrema spp. 127 70 0 197

Vespericola spp. 33 41 2 76
Ancotrema spp. 1 1 0 2

SLUGS
Reticulated tail dropper

(Prophysaon andersoni) 23 9 0 32

Banana slug
(Ariolimax columbianus) 15 0 0 15

Blue-gray tail dropper
(Prophysaon coeruleum) 3 5 0 8

Pacific sideband
(MonadeniajIdelisfidelis) 0 4 0 4



Table 4.3. Number of captured animals using three different trapping techniques compared with the approximate person-
hours needed to set up and perform the different methods as conducted following the protocols of this study.

No. of
captures

No. of
s . ecies

Set up Monitoring and
(hours) maintenance (hours)

Total
erson-hours

Captures per
erson-hour

Species per
erson-hour

PITFALL TRAPS
Amphibians 212 8 180 336 516 0.4 11 0.016

Salamanders 202 5 180 336 516 0.391 0.010
Frogs 10 3 180 336 516 0.019 0.006

Gastropods 202 6 180 336 516 0.391 0.012
Snails 161 3 180 336 516 0.3 12 0.006
Slugs 41 3 180 336 516 0.079 0.006

GROUND SEARCHES
Amphibians 19 2 0 75 75 0.253 0.027

Salamanders 19 2 0 75 75 0.253 0.027
Frogs 0 0 0 75 75 0.000 0.000

Gastropods 130 6 0 75 75 1.733 0.080
Snails 116 4 0 75 75 1.547 0.053
Slugs 14 2 0 75 75 0.187 0.027

COVER BOARDS
Amphibians 0 0 6 30 36 0.000 0.000
Gastropods 2 1 6 30 36 0.056 0.028

Snails 2 1 6 30 36 0.056 0.028
Slugs 0 0 6 30 36 0.000 0.000
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opposed to using naturally occurring logs, the installation time would have doubled (Corn

and Bury 1990). Pitfall traps were effective at catching both salamanders and snails; they

were captured at a rate of one animal per 2.5 and 3.2 person-hours, respectively (0.39 and

0.31 animals per person-hour, respectively) (Table 4.3). These results are considerably

lower than those found by Welsh (1987) who captured 3.2 salamanders per person-hour.

Pitfall captures are often expressed as number of captures per trap-night. In this study,

there were 18,144 trap-nights (648 pitfall traps X 28 days) resulting in a trap effort of

0.01 salamanders per trap-night. These results are comparable to studies in Oregon and

Washington Cascades (Corn and Bury 1991) and Oregon Coast Range (Bury and Corn

1988); these studies had trap efforts of 0.01 and 0.03, respectively. Because installation

time plays a large factor in determining capture rate, pitfall traps become more efficient

the longer they are in use. Pond and stream breeding amphibians as well as slugs were

only incidentally captured by pitfall traps (Table 4.3).

Species representation was similar for pitfall traps and ground searches; only two

species were not captured by both methods (Table 4.3). The Pacific sideband snail

(Monadeniafidelisfidelis) was not captured with pitfall traps, whereas the banana slug

(Ariolimax columbianus) was not encountered during ground searches. Because there are

some gastropods, such as the Crater Lake tightcoil snail (Pristoloma arcticum crateris),

that measure less than three mmin diameter and may be overlooked when covering such

a large sample area (72m2) in 30 minutes. Ground searches might have encountered

more animals given more effort.

Cover boards were largely ineffective in capturing either salamanders or

gastropods (Table 4.1, 4.2). They most likely failed because they did not retain moisture
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under the conditions of this study. Other studies, however, have successfully used cover

boards to detect salamanders. In southwest Virginia, Harpole and Haas (1999) found

poplar cover boards measuring 5 X 30 X 60 cm sampled ten times, during a five month

period, revealed an average of 0.17 salamanders per board in unharvested stands. These

boards, however, were unable to retain moisture for extended amount of time and,

therefore, could only be sampled during rainy periods (Harpole and Hans 1999). Studies

in Maine (Monti et al. 2000), Vancouver Island, British Columbia (Davis 1997), New

Hampshire (DeGraaf and Yamasaki 1992) also were successful at surveying salamanders

using cover boards of various configurations and dimensions. In this study, cover boards

might be made more effective if the following conditions are met: 1) allow cover boards

to season, or decay, prior to monitoring; 2) check boards only during or immediately

following suitable weather conditions (i.e. rainfall); 3) use materials that retain moisture

for longer periods of time; and 4) bury the boards in the litter layer to help maintain

moisture levels. In addition, placing cover boards flush with the ground, without sticks

beneath the bottom board, may help boards from drying out. The extreme weather

conditions in the Umpqua National forest may also make cover boards an ineffective

method for sampling gastropods and amphibians in that particular forest. Winters are

colder and snowier and summers are hotter and drier than in other west slope

northwestern forest systems (Franklin and Dyrness 1988).

CONCLUSION

Because both salamanders and gastropods are sensitive to temperature and

moisture extremes, sampling was restricted to spring and fall when weather wasexpected
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to be most suitable. As noted in spring 1999, suitable sampling weather can be of short

duration even during the best of seasons. One benefit of ground searches over pitfall

traps is that searches can be performed without preparation, and therefore can take

advantage of optimal weather conditions. However, in this study, ground searches were

time consumptive and often unsuccessful. Pitfall traps captured animals when ground

searches did not, presumably because pitfalls captured animals during the night when

weather conditions were optimal (Figure 4.2). Traps may provide a cool, moist

environment hospitable to these animals, which may encourage individuals capable of

escape to remain in the trap during the day. Therefore, despite the extensive setup time,

pitfall traps were more efficient at capturing salamanders than ground searches. Ground

searches, however, were more effective at detecting gastropods than salamanders.

Pitfall traps were equally effective at capturing salamanders and gastropods. One

benefit of pitfall traps is that a large geographic area can be sampled simultaneously.

Given the same number of personnel, only a limited number of ground searches can be

conducted in a day when weather conditions are comparable between sites. Captures are

often associated with weather conditions. Therefore, comparisons of captures between

sites that were surveyed on different days may be more of a reflection of weather

conditions than stand conditions. In addition, pitfall traps capture arthropods and small

mammals, increasing the capture effort (Table 23, 3.3). When small manmial mortality

is a concern, a ladder device that allows small mammals to escape can be installed in the

pitfalls (Aubry and Stringer 2000). Due to the small mammal mortality associated with

pitfalls, these traps are recommended as a research method and not for inventory and

monitoring (Olson et al. 1997).



In summary, of the three methods employed, pitfall trapping was the most

effective method for capturing salamanders based on total individuals and number of

species captured. Ground searches were most effective for capturing total number of

gastropods, although ground searching and pitfall trapping both captured the same

number of gastropod species. Cover boards were largely ineffective for capturing either

salamanders or gastropods under the relatively dry conditions of this study in SW

Oregon.
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CHAPTER 5:

CONCLUSIONS

Forest floor animals are significant biological components in forest ecosystems of

the Pacific Northwest. They are seed and spore dispersers, prey, predators, and soil

mixers and aerators. Anthropogenic disturbances such as timber harvesting can impact

these animal populations through direct or indirect means and can effect the ecological

integrity of overall forest systems.

Some silviculture regimes such as commercial thinning may be effectively used to

provide quality wildlife habitat while simultaneously providing a sustainable timber

supply. Commercial thinning, a potential alternative to clearcut harvesting, is a

widespread method for timber removal in the Pacific Northwest. Commercial thinning

and wildlife relationships, however, have not been extensively studied. To provide

additional knowledge about thinning and wildlife, this study examined the relationships

between forest floor wildlife and three different silviculture treatments: traditional

clearcut, commercial thin, and uncut, mature forest stands.

Eighteen stands, six of each treatment, were selected in the Umpqua National

Forest, in the southern Oregon Cascades. Pitfall traps were used to capture small

mammals, amphibians, gastropods, and arthropods during fall 1999 and ground searches

and cover boards were used to capture additional amphibians and gastropods fall 1999

and spring 2000. Treatment differences and habitat associations were determined for the

most abundantly captured animals, and the three trapping techniques used to capture
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amphibians and gastropods (pitfhil traps, timed, area-constrained ground searches, and

cover boards) were compared.

Of the 10 species and five groups of animals examined, four animals were found

less frequently in clearcuts than uncut stands (western red-backed vole, Trowbridge

shrew, northwestern salamander, and cricket) and four animals were found least

frequently in clearcuts (Trowbridge shrew, ensatina, Haplotrema snail, and cricket).

Three animals were captured more frequently in clearcuts than uncut stands (vagrant

shrew, beetle, and grasshopper) and only millipedes were captured most frequently in

clearcuts. Only one species, northwestern salamander, was captured most frequently in

uncut stands. Total small mammal, amphibian, and gastropod captures occurred less in

clearcuts relative to uncut stands, as were amphibian, gastropod, and small mammal

species richness and gastropod diversity.

To better understand the relationship between forest-dwelling species and forest

management practices, habitat relationship analyses were conducted for six different

animals: Trowbridge shrews, ensatina salamanders, Haplotrema and Vespericola snails,

crickets, and grasshoppers. Canopy cover and basal area were the most frequent habitat

variables; they were positively correlated with Trowbridge shrew, ensatina, Haplotrema,

and cricket captures. This suggests a linkage with trees and that these animals are

potentially sensitive to tree removal. Other important habitat variables for these species

were volume of downed wood (Haplotrema and crickets), shrub cover (Haplotrema), and

dufi7litter depth (ensatinas and Vespericola). Microcliniatic variables, particularly rain

and maximum relative humidity, also were consistently important in explaining animal
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abundance. Grasshopper was the only animal analyzed for habitat relationships that was

correlated with open stand conditions.

The trapping comparison study indicated that pitfall traps were equally effective

at capturing both gastropods and salamanders while ground searches were more effective

at detecting gastropods than salamanders. Cover boards, however, were ineffective at

capturing either salamanders or gastropods. These fmdings were probably influenced by

the weather conditions in this region. The hot, dry summers and cold, snowy winters

created large spans of time when surface conditions were unsuitable for most

salamanders and gastropods. Sampling was, therefore, restricted to short intervals of

time during periods of opportune weather.

The results from this study show that clearcut harvests in the southern Oregon

Cascades are not favoring the majority of animals examined, especially gastropods and

amphibians. This is most likely related to the increased variability in environmental

conditions and decreased quality of habitat structures induced by timber removal, such as

canopy cover, downed wood, and soil duff/litter. Commercially thinned stands appear to

provide more thvorable conditions for animals studied than clearcut stands. This is most

likely due to the higher canopy cover and more moderate microclimatic conditions in

thinned stands than in clearcuts. However, the variety of animal abundance patterns in

response to clearcut and thinning harvests suggests that one type of timber harvest does

not accommodate all animal species. Managing for a suite of organisms requires a

diverse array of silviculture systems carried out at the landscape scale.
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APPENDIX A. Stand information for the 18 study sites in the Umpqua National Forest, Oregon. Block numbers
correspond to Figure 2.1.

Block

Treat-
meat

Date of Age before Slope

Hectares Acres Harvest harvests (%)
Aspect
(01)b

Elevation

(m)

Tree/

ha

Tree basal

area (m2/ha)

Mean tree
diam (cm)

Dq

(cm) SDr' R1)e

1 Clearcut 10.5 26.0 06/30/91 190 18.89 0.46 975 24.51 0.25 0.33 0.32 2.79 0.00
1 Thin 53.8 133.0 11/30/86 n/a 36.56 0.95 1097 112.15 36.46 94.11 74.37 196.75 0.33
1 Uncut 10.5 26.0 n/a 247 41.58 0.95 1036 445.23 71.90 83.30 60.52 422.65 0.70
2 Clearcut 10.5 26.0 10/31/92 256 33.67 1.00 914 0.00 0.00 0.00 0.00 0.00 0.00
2 Thin 13.4 33.0 06/30/89 n/a 35.25 0.98 792 401.00 31.62 45.57 34.43 228.84 0.38
2 Uncut 15.8 39.0 n/a 256 13.75 0.50 884 878.57 72.16 103.17 56.36 476.97 0.79
3 Clearcut 8.5 21.0 09/30/91 191 11.08 0.09 975 90.18 0.25 0.33 0.33 3.60 0.01
3 Thin 7.7 19.0 08/31/83 n/a 3.33 0.15 945 206.67 34.55 87.26 69.95 198.84 0.33

3 Uncut 38.4 95.0 n/a 191 20.17 0.15 1006 319.25 50.99 77.75 63.17 304.78 0.51
4 Clearcut 24.3 60.0 07/31/88 n/a 10.47 0.15 1006 45.09 0.13 0.17 0.17 1.80 0.00

4 Thin 5.7 14.0 09/30/86 n/a 13.89 0.37 1097 178.06 25.11 70.36 62.59 145.11 0.24

4 Uncut 30.4 75.0 n/a 135 23.33 0.63 1158 379.22 50.99 79.63 64.41 304.02 0.51

5 Clearcut 11.7 29.0 01/31/94 n/a 49.33 0.63 1158 0.00 0.00 0.00 0.00 0.00 0.00
5 Thin 8.9 22.0 08/31/86 93 27.67 0.16 1128 109.29 27.28 86.06 66.19 155.09 0.26
5 Uncut 8.1 20.0 n/a 216 41.81 0.29 1219 770.36 51.76 71.82 45.85 359.51 0.60
6 Clearcut 13.0 32.0 12/30/93 96 24.39 0.73 1097 0.00 0.00 0.00 0.00 0.00 0.00

6 Thin 13.4 33.0 06/30189 229 17.17 0.91 975 144.86 31.74 70.41 62.29 183.36 0.31

6 Uncut 12.5 31.0 n/a 172 18.97 0.76 1158 782.99 72.67 73.63 47.81 476.10 0.79



APPENDIX A. (Continued)

Block

Treat-
ment

Diversity

(1fD)

Dominant

Herbs

Dominant

Shrubs

Harvest
method

1 Clearcut 0.00 Rubus ursinus Rhododendron macrophyllum Single Span Skyline
1 Thin 1.78 Berberis sp. Ceonothus sp. Single Span Skyline
1 Uncut 2.40 Berberis sp. Acer circinatum n/a
2 Clearcut 0.00 Pteridium aquiinum Ceonothus sp. Single Span Skyline
2 Thin 1.31 Berberis sp. Ceonothus sp. Single Span Skyline
2 Uncut 2.65 Berberis sp. R. macrophyllum n/a
3 Clearcut 0.00 R. ursinus, Gaultheria shallon , grass Pseudotsuga menziesii Tractor
3 Thin 1.13 Berberis sp., G. shallon R. macrophyllum, P. menziesii Tractor
3 Uncut 1.67 Berberis sp. Abies concolor, A. circinatum n/a
4 Clearcut 0.00 moss Rhamnus sp. Tractor
4 Thin 1.07 G. shallon R. macrophyllum Tractor
4 Uncut 3.11 G. shallon R. macrophyllum n/a
5 Clearcut 0,00 K ursinus Rubus ursinus, Ceonothus sp. Single Span Skyline
5 Thin 1.34 Berberis sp. R. macrophyllum Single Span Skyline
5 Uncut 2.38 Berberis sp. R. macrophyllum n/a
6 Clearcut 0.00 R. ursinus Arbutus menziesii. Rhamnus sp. Single Span Skyline
6 Thin 1.29 R. ursinus, P. aquilinum Crataegus sp. Tractor
6 Uncut 1.65 Berberis sp. R. macrophyllum n/a



APPENDIX A. (Continued)

Treat- Slash Town-

Block ment treatment ship Range Section

ataken from the oldest age class of trees on stand. Information obtained via stand exams.

bheat load index [1 -cos(theta-45)/2
cquadratic mean diameter

dtd density index
erelative density = SDI/SDImax, (SDhnax = 600)

1reciprocal of Simpson's Diversity Index (Krebs 1999)

1 Clearcut Broadcast burn-manual 27S 2E 11

1 Thin Signs of burning 27S 2E 2
1 Uncut n/a 27S 2E 10

2 Clearcut Broadcast burn-manual 26S 3E 32
2 Thin Signs of burning 26S 3E 31

2 Uncut n/a 26S 3E 31

3 Clearcut Broadcast burn-manual 27S 3E 9

3 Thin No burning 27S 3E 10

3 Uncut n/a 27S 3E 9

4 Clearcut tractor pile/manual broadcast burn 26S 3E 22
4 Thin Unburnt slash piles 26S 3E 23

4 Uncut n/a 26S 3E 23

5 Clearcut Broadcast burn-manual 26S 4E 6

5 Thin Some burning 26S 4E 6

5 Uncut n/a 26S 4E 8

6 Clearcut Broadcast burn-manual 26S 4E 2

6 Thin Some burning, slash piles 26S 4E 10

6 Uncut n/a 26S 4E 3
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APPENDIX B. The 'best models' for all multiple linear regressions run using Akaike's
Information Criterion model selection technique. Best models were those which had A
AIC <2 (stand scales and microclimate assessment) and A AIC 4 (microsite scale). K

number of parameters in model including intercept and overdispersion parameters; A
AIC = AIC1 - minimum AIC. Overdispersion parameter (Q) was added at the microsite
scale and the small sample size penalty term 'c' was used at the stand scale and
microclimate assessment. Relative likelihood = e'(0.5*A ATC); Akaike weights =
relative likelihood/sum relative likelihood. Variables italicized, bolded, or underlined are
correlated (r2 > 0.7) with each other and were not allowed to enter the same model.

A

ENSATINA
Scale: microsite
Method of capture: Pitfall
Number of models: 291
Maximum number of parameters per model: 4
Variables considered*: tree basal area, % shrub cover, % herb cover, % shade, % canopy, In
volume decay 1 downed wood, In volume decay 2 downed wood, In volume decay 3 downed
wood, dufillitter, slope

Models**

herb can ldecl slope
ba herb Ideci slope
herb can ldecl
herb can slope
ba herb slope
ba herb ldecl
ba herb ldec3 slope
herb can ldec3 slope

Loglikelihood Sigma2 K QAIC

Relative Akaike

De1taQAIC likelihoods weights
-356.3611 1.638 6.00 447.011 0.000 1.000 0.06335
-356.8108 1.638 6.00 447.560 0.549 0.760 0.048 15

-358.5968 1.638 5.00 447.740 0.729 0.695 0.044
-358.7785 1.638 5.00 447.962 0.95 1 0.622 0.03938
-358.8351 1.638 5.00 448.031 1.020 0.600 0.03804
-358.9924 1.638 5.00 448.223 1.2 12 0.546 0.03456
-357.7826 1.638 6.00 448.746 1.735 0.420 0.02661

-357.9618 1.638 6.00 448.965 1.954 0.376 0.02385



APPENDIX B. (Continued)

B

HAPLOTREMA
Scale: Microsite
Method of capture: Pitfall
Number of models run: 291
Maximum number of parameters per model: 4
Variables considered*: tree basal area, % shrub cover, % herb cover, % shade, % canopy hi

volume decay I downed wood, In volume decay 2 downed wood, ln volume decay 3 downed

wood, duff7litter, slope
Relative Akaike

Models**

shrub can dl slope
bashrubdlslope
shrub herb can slope
shrubherbcandl
shrub herb can ldec2
shrub can ldec2 slope

203

Loglikelihood sigma2 K QMC De1taQAIC Likelihood weights

-303.4364 1.188 6 522.793 0.000 1.000 0.14568

-304.08l6 1.188 6 523.879 1.086 0.581 0.08464

-304.0916 1.188 6 523.896 1.103 0.576 0.08393

-304.1610 1.188 6 524.012 1.220 0.543 0.07917

-304.3038 1.188 6 524.253 1.460 0.482 0.0702

-304.4890 1.188 6 524.565 1.772 0.412 0.06007



APPENDIX B. (Continued)

C

ENSATINA
Scale: Stand
Method of capture: Pitfall
Number of models run: 129
Maximum number of parameters per model: 3
Variables considered*: tree basal area, % shrub cover, % herb cover, In volume decay 3 downed
wood, organic matter, coarse particle, fine particle, bulk density, duft7litter

Models**

herb dl
dl
dl bd
herb
herb dl bd
ba dl
herb dec3
herb om
badlbd
baherbdl
ba herb
herb dl om
dl coarse
dl fine
dlbd fine
shrubherbdl
dl om
herbdlfine
dec3 dl
herb dl coarse
herb dec3 dl
herb coarse
shrub dl
herbbd
shrubdlbd
herb dec3 om
shrub herb

204

Loglikelihood K
Relative

AICc DeltaAICc Likelihood
Akaike
weights

-19.0353 4 49.15 0.000 1.000 0.086
-20.7227 3 49.16 0.012 0.994 0.086
-19.4469 3 49.72 0.575 0.750 0.065
-21.0044 4 49.97 0.823 0.663 0.057
-18.1446 4 50.97 1.827 0.401 0.035
-19.9489 5 51.29 2.142 0.343 0.030
-20.2096 4 51.50 2.349 0.309 0.027
-20.3392 4 51.76 2.608 0.271 0.023

-18.7836 4 52.16 3.014 0.222 0.019
-18.8349 4 52.31 3.164 0.206 0.018
-20.5424 4 52.32 3.170 0.205 0.018
-18.8647 4 52.40 3.248 0.197 0.017

-20.6175 4 52.41 3.264 0.196 0.017
-20.6205 4 52.50 3.357 0.187 0.016
-18.9463 4 52.51 3.362 0.186 0.016
-18.9749 5 52.57 3.420 0.181 0.016
-20.6595 3 52.61 3.459 0.177 0.015
-18.9783 4 52.65 3.504 0.173 0.015
-20.6672 5 52.67 3.522 0.172 0.015
-18.9942 5 52.73 3.582 0.167 0.014

-19.0020 5 52.89 3.745 0.154 0.013

-20.7138 5 52.95 3.802 0.149 0.013

-20.7164 5 52.96 3.809 0.149 0.013
-20.7876 4 52.97 3.820 0.148 0.013

-19.1366 5 52.99 3.841 0.147 0.013

-19.2469 5 53.00 3.856 0.145 0.013
-20.9455 4 53.09 3.938 0.140 0.012



APPENDIX B. (Continued)

D

ENSATINA
Scale: Stand
Method of capture: Transect
Number of models run: 42
Maximum number of parameters per model: 3
Variables considered*: tree basal area, % shrub cover, % herb cover, volume decay 1 downed
wood, volume decay 2 downed wood, volume decay 3 downed wood

205

Relative Akaike
Models** Loglikelihood K AICc DeltaAlCc likelihood weights
Null -15.1343 2 35.07 0.000 1.000 0.140
decl -14.0209 3 35.76 0.688 0.709 0.100
dec2 -14.0525 3 35.82 0.751 0.687 0.096
ba -14.4030 3 36.52 1.452 0.484 0.068
dccl dec2 -12.8505 4 36.78 1.709 0.425 0.060
ba dccl -12.9375 4 36.95 1.883 0.390 0.055

dec3 -14.7144 3 37.14 2.075 0.354 0.050
shrub -15.0468 3 37.81 2.739 0.254 0.036
herb -15.1031 3 37.92 2.852 0.240 0.034
dec2 dec3 -13.5771 4 38.23 3.163 0.206 0.029
dccl dec3 -13.7013 4 38.48 3.411 0.182 0.026
shrub dec2 -13.8241 4 38.73 3.657 0.161 0.023

baherb -13.8844 4 38.85 3.777 0.151 0.021

herb dec2 -13.8873 4 38.85 3.783 0.151 0.021

badec2 -13.9184 4 38.91 3.845 0.146 0.021

shrub dccl -13.9898 4 39.06 3.988 0.136 0.019



APPENDIX B. (Continued)

E

HAPLOTREMA
Scale: Stand
Method of capture: Pitfall
Number of models: 93
Maximum number of parameters per model: 3
Variables considered*: tree basal area, % shrub cover, % herb cover, volume decay 1 downed
wood, volume decay 2 downed wood, volume decay 3 downed wood, bulk density, dufillitter

Models**

badeci
ha dccl dec2
ba
dccl dl
ba dccl dl
dl
badl
dccl
ba shrub
ba dec2
be herb decl
ba dccl dec3
ha shrub dccl
bashrubdec2
dccl dec3
ba dccl bd
badec3dl
ha herb dl
dec3dl

206

Loglikelihood K
Relative

AICc DeltaAlCc Likelihood
Akaike
weights

-21.8547 4 54.79 0.000 1.000 0.106
-20.8589 3 55.97 1.18 1 0.554 0.059
-24.1265 3 56.16 1.375 0.503 0.053
-22.6925 4 56.46 1.676 0.433 0.046
-21.0173 4 56.71 1.923 0.382 0.040
-24.2234 3 56.71 1.925 0.382 0.040
-22.8161 5 56.72 1.931 0.381 0.040
-24.4986 5 57.03 2.248 0.325 0.034
-23.08 16 4 57.24 2.454 0.293 0.03 1

-23 .0893 4 57.26 2.469 0.291 0.031

-2 1.4748 4 57.81 3.023 0.22 1 0.023
-21.5855 5 57.95 3.163 0.206 0.022
-21.6152 2 58.08 3.289 0.193 0.020
-21.6226 5 58.17 3.385 0.184 0.019
-23.3664 5 58.23 3.444 0.179 0.019
-21.7585 5 58.25 3.459 0.177 0.019
-21.9118 5 58.52 3.731 0.155 0.016
-22.0522 4 58.67 3.88 1 0.144 0.015

-23.7951 3 58.75 3.959 0.138 0.015



APPENDIX B. (Continued)

F

HAPLOTREMA
Scale: Stand
Method of capture: Transect
Number of models run: 130
Maximum number of parameters per model: 3
Variables considered*: tree basal area, % herb cover, volume decay 1 downed wood, volume
decay 2 downed wood, organic matter, coarse particle,fine particle , bulk density, dufl7litter

G

VESPERICOLA
Scale: Stand
Method of capture: Transect
Number of models run: 130
Maximum number of parameters per model: 3
Variables considered*: tree basal area, % shrub cover, % herb cover, volume decay 3 downed
wood, organic matter, coarse particle,fine particle, bulk density, duffhlitter

Models**

dl om
dl
dec3 dl om
dl fine
shrub dl om
dl om fine
herb diom
dlbd
dl om bd
bad!
dl om coarse
badlom
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Loglikelihood K
Relative

AICc DeltaAICc Likelihood
Akaike
weights

-8.5808 4 28.24 0.000 1.000 0.191

-10.7877 3 29.29 1.051 0.591 0.113

-7.3448 5 29.69 1.451 0.484 0.092
-9.5754 4 30.23 1.989 0.370 0.071

-7.7948 5 30.59 2.35 1 0.309 0.059
-7.9 185 5 30.84 2.599 0.273 0.052
-8.1945 5 31.39 3.150 0.207 0.039
-10.2636 4 31.60 3.366 0.186 0.035
-8.4525 5 31.90 3.666 0.160 0.031

-10.4153 4 31.91 3.669 0.160 0.030
-8.4673 5 31.93 3.696 0.158 0.030
-8.5737 5 32.15 3.909 0.142 0.027

Relative Akaike
Models** Loglikelihood K AICc DeltaAICc Likelihood weights
ba dec2 coarse -6.0523 5 27.10 0.000 1.000 0.178
coarse -9.8478 3 27.41 0.305 0.858 0.153

bacoarse -8.4752 4 28.03 0.923 0.630 0.112
deci coarse -9.5331 4 30.14 3.039 0.219 0.039
dec2 coarse -9.5723 4 30.22 3.117 0.2 10 0.037
herb coarse -9.5821 4 30.24 3.137 0.208 0.037

coarse dl -9.6856 4 30.45 3.344 0.188 0.033
coarse om -9.6978 4 30.47 3.368 0.186 0.033

coarse fine -9.7560 4 30.59 3.484 0.175 0.031

coarsebd -9.7565 4 30.59 3.485 0.175 0.031



APPENDIX B. (Continued)

H

CRICKET
Scale: Stand
Method of capture: Pitfall
Number of models run: 42
Maximum number of parameters per model: 3

6 variables considered*: tree basal area, % shrub cover, % herb cover, volume decay 1

downed wood, volume decay 2 downed wood, volume decay 3 downed wood.

Models**
deci dec2 dec3
ba shrub
ba dccl
ba shrub dccl
badeci dec3
ba shrub dec2
ba

I

GRASSHOPPER
Scale: Stand
Method of capture: Pitfall
Number of models run: 42
Maximum number of parameters per model: 3
Variables considered*: tree basal area, % shrub cover, % herb cover, volume decay 1
downed wood, volume decay 2 downed wood, volume decay 3 downed wood.

Models**

badec3
ba
ba dec2 dec3
ba shrub
dec2 dec3
baherbdec3
ba shrub dec3
ba dccl dec3

208

Loglikelihood K
Relative

AICC DeltaAlCc Likelihood
Akaike
weights

-21.0685 4 53.21 0.000 1.000 0.257
-23.3145 3 54.34 1.129 0.569 0.146
-20.2508 5 55.50 2.288 0.3 19 0.082
-22.2774 4 55.63 2.418 0.299 0.077
-22.3539 4 55.78 2.571 0.277 0.071
-20.5438 5 56.09 2.874 0.238 0.061
-20.8584 5 56.72 3.503 0.174 0.045
-2 1.0463 5 57.09 3.879 0.144 0.037

Loglikelihood K
Relative

AICC DeltaAICc likelihoods
Akaike
weights

-12.4579 5 39.92 0.000 1.000 0.299
-14.7800 4 40.64 0.721 0.697 0.209
-15.9047 4 42.89 2.971 0.226 0.068
-13.945 1 5 42.89 2.974 0.226 0.068
-13.9832 5 42.97 3.051 0.218 0.065
-14.2017 5 43.40 3.488 0.175 0.052
-18.0478 3 43.81 3.894 0.143 0.043



APPENDIX B. (Continued)

J

ENSATINA
Scale: Microclimate Assessment
Method of capture: Pitfall
Number of models run: 16
Maximum number of parameters per model: 3
Variables considered: mar. temperature, miii temperature, max. relative humidity,
mm. relative humidity, In rain

HAPLOTREMA
Scale: Microclimate Assessment
Method of capture: Pitfall
Number of models run: 16
Maximum number of parameters per model: 3
Variables considered: mat temperature, mm. temperature, max. relative humiditv
mm. relative humidity, In rain

Models**

mnt mxrh
mnt mnrh
mxrh
mat mxrh Irain
mnt mnrh irain
mntmxt

209

Loglikelihood K
Relative

AICc DeltaAICc Likelihoods
Akaike
Weights

-23.3288 4 56.26 0.000 1.000 0.369
-23.5706 4 56.74 0.484 0.785 0.264

-25.7519 3 58.43 2.169 0.338 0.114
-23.2779 5 59.06 2.798 0.247 0.083
-23.5642 5 59.63 3.371 0.185 0.062
-25.2090 4 60.02 3.760 0.153 0.051

Relative Akaike
Models** Loglikelihood K AICC DeltaAICc likelihood weights
mxrh lrain -28.7775 4 67.15 0.000 1.000 0.507
mat mxrh lrain -28.4239 5 69.35 2.193 0.334 0.170
Irain -31.4957 3 69.91 2.760 0.252 0.128

K



APPENDIX B. (Continued)

L

TROWBRIDGE SHREW
Scale: microsite
Method of capture: Pitfall
Number of models run: 291
Maximum number of parameters per model: 4
Variables considered*: tree basal area, % shrub cover, % herb cover, % shade, % canopy, In
volume decay 11 downed wood, In volume decay 2 downed wood, 1mm volume decay 3 downed
wood, duft7litter, slope

Models**

herb can ideci ldec3
shrub can Idecl ldec3
can ldecl ldec3
herb can Ideci

M

TROWBRIDGE SHREW
Scale: Stand
Method of capture: Pitfall
Number of models run: 93
Maximum number of parameters per model: 3
Variables considered*: tree basal area, % shrub cover, % herb cover, volume decay 1 downed
wood, volume decay 2 downed wood, volume decay 3 downed wood, bulk density, dufl7litter

Models**

ba
ba bd
ba dec2
badeci
ba herb
ba dl
ba shrub
ba shrub bd
ba dec3
badeci bd
ba dl bd
ha dec2 bd
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Logilkelihood K
Relative

AICc DeltaAICc likelihoods
Akaike
weights

-16.0160 3 39.75 0.000 1.000 0.186
-14.8870 4 40.85 1.105 0.576 0.107
-15.3578 4 41.79 2.046 0.359 0.067
-15.3877 4 41.85 2.106 0.349 0.065
-15.4931 4 42.06 2.317 0.314 0.059
-15.7680 4 42.61 2.867 0.239 0.044
-15.8432 4 42.76 3.017 0.221 0.041

-13.8922 5 42.78 3.038 0.219 0.041
-15.9877 4 43.05 3.306 0.191 0.036
-14.0983 5 43.20 3.450 0.178 0.033
-14.2844 5 43.57 3.823 0.148 0.028
-14.3670 5 43.73 3.988 0.136 0.025

Loglikelihood Sigma2 K QAIC

Relative Akaike

DeltaQAIC Likelihoods Weights
-493.8638 1.69 6.00 596.454 0.000 1.000 0.13614

-494.9686 1.69 6.00 597.762 1.307 0.520 0.0708
-496.9354 1.69 5.00 598.089 1.635 0.442 0.06011

-497.1624 1.69 5.00 598.358 1.904 0.386 0.05255



APPENDIX B. (Continued)

N

TROWBRIDGE SHREW
Scale: Microclimate Assessment
Method of capture: Pitfall
Number of models: 16
Maximum number of parameters per model: 3
Variables considered: max. temperature, mm temperature, max. relative humiditv

mm. relative humidity, in rain

Relative Akaike
Models** Loglikelihood K AICc DeltaAlCc Likelihood Weights
mxrh -26.2140 3 59.35 0.000 1.000 0.398
mxrh lrain -25.3205 4 60.24 0.890 0.641 0.255
mntmxrh -25.7655 4 61.13 1.780 0.411 0.164
mnt mxrh lrain -24.8994 5 62.30 2.948 0.229 0.091

*Varjables considered for regressions at the stand scale. Variables were first run in four
separate groups (vegetation, down wood, soil, and geophysical). The variables with the largest
weight sums were then re-run together to obtain final regression results.

VEGETATION

Tree basal area (m2/ha)
Shrub cover (%)
Herb cover (%)

DOWN WOOD

Decay 1 down wood (m3fha)

Decay 2 down wood (m3/ha)

Decay 3 down wood (m3/ha)

SOIL
Organic matter (%)
Coarse particle (%)
Fine particles (%)
Bulk density (g/m3)
Duff and litter (cm)

GEOPHYSICAL
Slope (%)
Aspect (0-1)
Elevation (m)

211
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**Key to variables in models:

Code Explanation

ba Tree basal area (m2lha)

can Canopy cover (%)

shade % relative shade

herb % herb cover

shrub % shrub cover

ideci Natural log transformed downed wood decay 1 (m3/ha)

ldec2 Natural log transformed downed wood decay 2 (m3/ha)

ldec3 Natural log transformed downed wood decay 3 (m3/ha)

coarse Soil coarse particle (%)

fine Fine soil particle (%)

om Soil organic matter (%)

lxi Soil bulk density (g/cm3)

dl Combined duff and litter depth (cm)

slope % slope

mxt Maximumlemperature (°C)

mnt Minimum Temperature (°C)
mxrh Max relative humidity (%)
mnrh Minimum relative humidity (%)
Irain Natural log transformed rain (mm)
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