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One of the goals of ecosystem management is to integrate management ofmany

pecies and processes across a range of temporal and spatial scales. I investigated the

relationship between small mammals and amphibians at 3 spatial scales. My objective

was to identjf, habitat associations of forest floor vertebrates at the microhabitat, patch,

and landscape scales. I located trap stations (n = 1032) in 30 250- to 300-ha landscapes

containing 27 patch types. I assessed habitat associations between 14 species of small

mammals and 9 species of amphibians in the central Oregon Coast Range.

I evaluated associations between patch types and vertebrate distribution by

comparing capture rates to trapping effort. In of the 3 mature forest patch types, I

captured 8 of 9 amphibians and 10 of 14 small mammals more than expected. Because

my research was designed to evaluate mature forest composition and pattern at the

landscape scale, I used the 5 amphibian species positively associated with mature forest

patches for my landscape analyses. Capture rates of all 5 species were positively

associated with % mature forest on the landscape. Two of the amphibian species were

also positively associated with total core area of all patch types. At the microhabitat



scale, I investigated the relationship between 6 habitat variables (conifer basal area,

hardwood basal area, distance to water, volumes of coarse woody debris, litter depth, and

distance to edge) and capture rates of small mammals and amphibians. Captures rates

for 4 of 9 amphibian species and 5 of 14 small mammal species were positively

associated with increasing levels of conifer or hardwood basal area or both.

I found species specific responses to habitat features at multiple scales.

Interestingly, I found a relationship between the presence of large diameter trees and

capture rates at the microhabitat, patch, and landscape scales. Additionally, total core

area was an important landscape feature for 2 amphibian species. Maintaining mature

forest patch types and large patches of all patch types may be important for small

mammals and amphibians in western Oregon. Ecosystem managers should be cognizant

of the relationships I found across spatial scales when evaluating land management

alternatives.



Habitat Associations of Small Mammals and Amphibians in

The Central Oregon Coast Range

by

Karl I Martin

A DISSERTATION

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Doctor of Philosophy

Completed August 6, 1998
Commencement June 1999



ACKNOWLEDGEMENTS

The scale and intensity of this research project required a team effort from many

dedicated individuals, I am indebted to Ray Rainbolt, Steve Andrews, and Brian Werner

who provided inspirational leadership and countless hours of hard physical labor.

Without their help and support, successful completion of this research project would

have been a distant dream. I am also thankful for the other parts of the team that helped

install pitfall traps and collect field data including: Kevin English, Tim Baumgarte, Stacy

Smith, Matt Elliot, Mehmet Kupeli, Carol Chambers, Dave Vesely, Tiffany Church, Matt

Koenig, Frank Deboze, and Chris Willard. Jonathan Brooks and Robyn Vega provided

valuable assistance with the GIS aspects the project.

I would also like to thank several of my fellow graduate students including John

Loegering, Mike Pope, Bob Steidi, Matt Hunter, Pat Jodice, Nobuya Suzuki, Dave

Vesely, Carolyn Marn, and Eric Peiran who provided valuable insight and comradery.

Tom Spies, Susan Stafford, Eric Forsman, Steve Garman, Carol Chambers, John

Tappeiner, Mike Collopy, Eric Hansen, Erik Fritzell, and Joan Hagar provided support

along the way. Kevin McGarigal provided an experimental design and selected study

sites that were integral for success. 1 especially thank my sister Ruth and my brother Bob

and his family who cheered me up, fed me some great meals, provided comic relief, and

helped me out along the way. My parents and other brothers and sisters provided support

and taught by example as I was maturing as a scientist. Scott Lutz provided spirited

conversations, dwelling into theory and ideas which helped me better perceive nature

from multiple perspectives. Most of all I thank Bill McComb who provided insight,



guidance, comradery, and several months of hard physical labor after I broke my leg in

the field (the football field). Last, but not least I thank my wonderful wife Karen who

cheered me up, helped me out, provided great editorial comments, and pushed me on

through the good times and tough times of this project.



TABLE OF CONTENTS

Paae

GENERAL INTRODUCTION 1

LITERATURE CII ED 8

SMALL MAMMAL AND AMPHIBIAN HABITAT ASSOCIATIONS
AT PATCH AND LANDSCAPE SCALES IN THE CENTRAL
OREGON COAST RANGE 12

ABSTRACT 12

INTRODUCTION 14

STUDY AREA 16

METHODS 18

Study Design 18

Patch Delineations 19

Landscape Delineations 21
Small Mammal and Amphibian Trapping 21
Landscape Analyses 23
Statistical Analyses 24

RESULTS 26

Amphibians 26
Small Mammals 30

DISCUSSION 35

Study Design. 35
Amphibians 36
Patch Associations 36
Landscape Associations 39
Small Mammals 40
Patch Associations 40

MANAGEMENT IMPLICATIONS 41

ACKNOWLEDGEMENTS 42



TABLE OF CONTENTS (Continued)

Paae
ASSOCIATIONS BETWEEN SMALL MAMMAL AND AMPHIBIAN
ABUNDANCES AND MICROHABITAT FEATURES iN THE CENTRAL
OREGON COAST RANGE 48

ABSIRACT 48

INTRODUCTION 49

STUDY AREA 52

METHODS 54

Study Design 54

Small Mammal and Amphibian Trapping 54
Microhabitat Sampling 55

Statistical Analyses 56

RESULTS 57

Microhabitat Variables 57
Small Mammals 59
Amphibians 61

DISCUSSION 63

MANAGEMENT IMPLICATIONS 69

L11ERATURE CITED 69

SYNTHESIS 75

BIBLIOGRAPHY 80



LIST OF TABLES

Table Page

2.1 Definition of patch types delineated across 30 landscapes in the central
Oregon Coast Range and used in comparisons of small mammal and
amphibian capture rates. Pitfall trapping was conducted for 31 days
in Apr-May, 1995-96 22

2.2 Captures!1000 trap nights of small mammals and amphibians in
30 landscapes in the central Oregon Coast Range. Traps were
open for 31 days in Apr-May, 1995-1996 27

2.3 Observed capture rates of amphibians (# of captures by patch
type I total # of captures) vs. expected capture rates (# traps by
patch type / total # of traps) in 11 patch types in the Central
Oregon Coast Range during Apr-May 1995, 1996, Actual
captures rates are either less than expected (1. greater than
expected (>), or equal to expected (=) capture rates 28

2.4 Associations between capture rates of 5 amphibian species and
landscape level fragmentation indices for all patch types generated
using FRAGSTATS (McGarigal and Marks 1995). Amphibians were
captured in the central Oregon Coast Range during
Apr-May 1995,1996. 31

2.5 Observed capture rates (# of captures by patch type / total # of captures)
of small mammals vs. expected capture rates (# traps by patch type / total
# of traps in all patch types) in the Central Oregon Coast Range during
Apr-May 1995, 1996. Actual captures rates are either less than expected
(<),greater than expected (>), or equal to expected (=) capture rates 33

3.1 Table 3.1. Mean (i') and standard deviation (SD) of microhabitat
variables in 11 different patch types in the central Oregon Coast Range 58

3.2 Table 3.2. Drop in deviance or F-statistics and associated P-values
for associations between small mammal abundances and microhabitat
characteristics at 1,029 trapping stations. Trapping occurred during
Apr-May 1995-96 in the central Oregon Coast Range 60

3.3 Drop in deviance or F-statistics and P-values for associations between
amphibian abundances and microhabitat characteristics at 1,029
trapping stations. Trapping occurred during Apr-May 1995-96 in
the central Oregon Coast Range 62



LIST OF TABLES (Continued)

Table Page

4.1 Habitat features positively associated with capture rates of amphibians
at multiple scales. Amphibians were trapped using pitfall traps in the
central Oregon Coast Range during April-May, 1995-96 76

4.2. Habitat features positively associated with capture rates of small
mammals at multiple scales. Small mammals were trapped using
pitfall traps in the central Oregon Coast Range during April-May,
1995-96 77



LIST OF FIGURES

Figure Page

2.1 Location of Drift Creek, Lobster Creek, and Nestucca River basins
in the central Oregon Coast Range. Small mammals and amphibians
were pitfall trapped in April-May 1995, 1996
(adapted from Brooks 1997) 17

2.2 Schematic representation of study design replicated over the Nestucca
River, Drift, and Lobster Creek basins in the central Oregon Coast
Range. Small mammals and amphibians were trapped during
Apr-May 1995, 1996 (adapted from McGarigal 1993) 20



HABITAT ASSOCIATIONS OF SMALL MAMMALS AND AMPHIBIANS
IN THE CENTRAL OREGON COAST RANGE

CHAPTER 1

GENERAL INTRODUCTION

The number of fragmented landscapes throughout much of the world has

increased as a result of natural events (wind, fire, etc.) and human-induced activities

(logging, road building, agriculture, etc.). The result of increased fragmentation has been

a reduction in total forest area and alterations in the spatial pattern of landscapes. Forests

that once dominated many landscapes have been reduced to forest patches which become

smaller, geometrically more complex, and more isolated over time. These physical

changes in landscapes may alter ecosystem processes at various scales. Microclimate

conditions may become more variable and may adversely affect some organisms in

isolated, small forest patches (Chen and Franklin 1990). Forest and nonforested ecotonal

areas may have variations in vegetation composition and structure because of differences

in herbivory, seed dispersal, microclimate, and disturbance rates (Gratkowski 1956,

Ranney et al. 1981). Effects of natural disturbances (wind, fire, geomorphic processes,

and insects) at the landscape scale may vary because of changes in vegetation,

microclimate, and spatial patterns (Franklin and Forman 1987).

Ecological consequences of forest fragmentation have been studied mostly in the

eastern deciduous forests of North America. These forests have been fragmented

primarily by agricultural practices and sprawling urban development. Several studies

(Whitcomb et al. 1981, Noss 1983, Robbins et al. 1989, Terborgh 1989) have indicated
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that vertebrate populations associated with forest interiors have declined while those

species specialized for forest edges have increased in abundance. Alterations in

vegetation, predation, competition, invertebrate populations, and brood parasitism have

been suggested as possible causes for declines in vertebrate populations in fragmented

landscapes (Strelke and Dickson 1980, Kroodsma 1982, Wilcove 1985, Yahner and Scott

1988).

In the Pacific Northwest, the demand for wood products has resulted in the

fragmentation of vast tracts of land that initiated from stand replacement fire (Impara

1997) or wind events. Large scale fires 110 to 150 years ago and wide scale, intensive

timber management that began in the 1950's have left only a few remaining small

isolated tracts of old-growth forests and scattered old-growth trees in the Oregon Coast

Range (Impara 1997). Old-growth patch types have historically been located in stream

valleys and lower hillsides, where increased moisture gradients reduced fire frequency

and intensity (Impara 1997). Industrial forest lands in the Coast Range are under short

(40-60 years) rotation, even-aged management regimes (Greber et al. 1990). The

remaining federal lands in the Oregon Coast Range were open to commercial logging

prior to the federal listing of the northern spotted owl (Strix occidentalis caurina) and

marbled murrelet (Brachyramphus marmoratus) as threatened (Federal Register 1990,

1992). Intensive timber management on these lands has resulted in a mosaic of young

intensively managed stands with interspersed sawtimber and old-growth stands of

varying sizes and shapes.
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The central Oregon Coast Range is dominated by western hemlock (Tsuga

hetrophylla)IDouglas-flr (Pseudotsuga meniessi) forests and is inhabited by 20 species

of small mammals and 11 species of amphibians. This area is primarily composed of

federal, state, and industrial forest land used for timber production, various forms of

recreation (including fishing, hunting, bicycling, boating, sightseeing, hiking

birdwatching, and camping) and habitat for late seral species under the Northwest Forest

Plan (Marcot and Thomas 1997). The area is now dominated by young stands resulting

from harvest over the last 50 years and, to a lesser extent, mature forests originating after

a large scale fire burned most of the area in the mid-i 800's (Impara 1997). Small

mammals and amphibians are integral components of this forest ecosystem, functioning

as insectivores, herbivores, mycophagists and prey for avian, mammalian, fish, and

amphibian predators. Despite this integral association with the forest ecosystem, little

information is available regarding associations with their habitats, particularly at the

landscape level.

The mechanisms by which forest fragmentation can cause changes in vertebrate

populations are numerous, but poorly understood. Fragmentation of landscapes

dominated by large sawtimber results in both the loss of large sawtimber habitat (area

effect) and the loss of habitat continuity or increased isolation of forest patches

(fragmentation effect; McGangal and McComb 1995). Area effect occurs in 2 ways: 1)

reducing the total area of habitat over the whole landscape and 2) reducing the area or

size of each forest fragment within the landscape (McGarigal 1993). Fragmentation

effect is influenced by several factors including distance between forest fragments,
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connectivity among forest fragments, characteristics of intervening landscapes, and time

since isolation of the forest fragments (Harris 1984).

Fragmentation results in an increased amount of edge, reductions in the interior-

to-edge ratios and decreasing amounts of core area within a landscape (Franklin and

Forman 1987). Edge areas and thus edge effects vary depending on the type of habitats

adjoining each other, the temporal extent, aspect, and topography. Edges can affect

microclimate conditions by increasing wind, and solar penetration into the forests and

reducing humidity levels (Ranney et al. 1981, Zuidema et al. 1996). This can result in

changes in frequency and intensity of both biotic and abiotic disturbances. Examples of

this include animal and insect damage, along with fire and windthrow disturbances at the

forest edge, which may ultimately affect seed production, invertebrate biomass, and

abundance of vertebrates.

Fragmentation may have 3 main impacts on vertebrate populations at both the

micro and macro scales: (1) habitat selection, (2) animal movements, and (3) interactions

among populations (Harris 1984, Saunders et al. 1991). Theoretically 1 or a combination

of these impacts could lead to declines or extinctions of vertebrate populations. With

local declines or extinctions, community structure and diversity will be altered and could

change ecosystem processes (Songer et al. 1997). The ultimate response may be a loss of

biodiversity in the system.

Habitat selection by individual species can be affected at the landscape scale as

the area of suitable habitat is either increased or decreased. Interior-associated species

may decline and edge species may increase as the interior-to-edge ratio of the landscape
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declines. Similarly, as individual fragments become smaller they can become more

suitable for edge associated species, while at the same time these fragments can become

inhabitable for interior-associated species. Fragmentation can result in an increased

juxtaposition of fragments which may result in changes in vertebrate populations.

Animal movements can be either enhanced or disrupted by fragmentation

depending on the species. For example, roads or large clearcuts can act as barriers to

movement of amphibians, while these same roads or edges may enhance travel for

predators such as skunks (Mephitis mephitis) and great-homed owls (Bubo virginianus;

Morrell and Yahner 1994, Pasitschniak and Messier 1996). As suitable habitat fragments

become more isolated, successful dispersal may decrease due to increased distances and

time to travel across unsuitable habitat (Lovejoy et al. 1986, Primack 1993, Songer et al.

1997). The increase in distance and time spent dispersing may increase mortality of

dispersers through predation, starvation, and other environmental hazards such as

dessication for amphibians (Wiens Ct al. 1985, 1993; Wiens 1989).

Loss of forest habitat can affect both interspecific and intraspecific population

interactions by increasing competition for space and resources. As the size of suitable

habitat patches decreases individuals will be 'packed' into the remaining habitat. This

will result in increased competition, which can result in reductions in individual fitness

as well as increased mortality rates. Reductions in fragment size also reduce the area of

interior habitat, which may result in increased predation and competition from edge

associated species.
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In 1989, a study was initiated to quantify the effects of landscape-level forest

fragmentation and large sawtimber (> 53 cm dbh) loss on avian communities in the

Oregon Coast Range (McGarigal 1993, McGarigal and McComb 1995). This was the

first empirical field study to evaluate the effects of fragmentation on a vertebrate species

at a landscape scale. In the past, logistical problems associated with landscape-scale

fragmentation studies on wildlife have directed many scientists toward developing

models based on stand-level information to predict occurrences and/or abundances of

vertebrates in these complex, fragmented landscapes. Zuidema et al. (1996) discussed

the 'fragment' approach to answering forest landscape questions, which is to study small

fragments (i.e. stands) of various sizes and shapes surrounded by different forest types

and extrapolate these results to the landscape scale (i.e. Laurance 1990, Songer et al.

1997). This approach assesses associations between species occurrences and the amount

of edge or core area on the stand scale, however it does not assess the effect of landscape

patterns on the sampled species. It is expected that landscape-level data will provide

substantial contributions to the development of more accurate predictive models and

critical evaluations of current models in use.

Although the study by MeGarigal and McComb (1995) provided data on avian

associations with forest fragmentation, similar studies have not been performed on less

mobile organisms such as small mammals and amphibians. The effects of forest

fragmentation may be more apparent for these less mobile species, because unlike birds

or large mammals their dispersal capabilities are limited. Although, there have been

several investigations on habitat associations of small mammals and amphibians at the
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stand level in western Oregon, my goal was to analyze associations at the landscape

scale. I sampled small mammals and amphibians in 30250- to 300-ha landscapes

comprised of multiple patch types during the Spring of 1995-1996. My first objective

was to test for associations between small mammal and amphibian abundances and

various patch types distributed across landscapes (Chapter 2). Since my landscape

matrix is based on fragmentation and composition of large sawtimber (>53 cm dbh)

patch types, I used this analyses to determine which species were associated with the

large sawtimber patch type. I then divided patch types into 3 new categories based on

selection (< expected, > expected, and no selection). This was necessary to assess the

landscape level effects of fragmentation and composition of suitable habitat for each

species. Assessing landscape fragmentation and composition associations of multiple

patch landscapes without assessing patch selection may lead to confounding effects of

patch associations.

My second objective was to test for associations between the abundances of large

sawtimber associates and composition and pattern of large sawtimber at the landscape

scale (Chapter 2). I used forward stepwise regression to assess associations between

captures of mature forest associates and the composition of mature forest on the

landscapes. The reclassified landscapes which were divided into 3 patch types based on

patch selection were analyzed using FRAGSTATS (MeGarigal and Marks 1995).

Detailed measures of landscape pattern generated by FRAGSTATS were then assessed

for correlations with capture rates. To test associations between captures of mature

forest associates and landscape pattern indices independent of composition I used



forward stepwise regression with the % area of mature forest forced into the model.

These analyses provide specific pattern indices which are important for mature forest

associated species and should be considered in the forest planning process.

Finally, I wanted to assess associations between capture rates of small mammals

and amphibians and coarse woody debris volume, litter depth, deciduous and conifer

basal area, and distance to water and patch edge at the station scale for all species

sampled (Chapter 3). Significant microhabitat associations would be indicative of

important habitat features at the smaller patch or station scale (i.e. microhabitat).

Ultimately, these features could interact, override, or be independent of the landscape

level results. For example if coarse woody debris is the most important feature for a

particular species of amphibian, then patch type, amount of large sawtimber on the

landscape, or the fragmentation level may be an insignificant factor in determining

species abundance or presence within a patch or landscape. Of course landscape

composition and fragmentation levels along with patch types often interact with abiotic

and biotic features in the landscape to affect the microhabitat variables at the station

scale. Therefore, analyzing or managing only I scale may lead to misleading

conclusions.
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CHAPTER 2

SMALL MAMMAL AND AMPHIBIAN HABITAT ASSOCIATIONS AT PATCH
AND LANDSCAPE SCALES IN THE CENTRAL OREGON COAST RANGE

ABSTRACT

Forest management practices and natural disturbances in the Pacific Northwest

have resulted in the widespread conversion of old and mature forest patches to younger

forests. There has also been an increased level of fragmentation (fragmentation effect)

and loss of mature forest (area effect) at the landscape scale. The effect of this

conversion on small mammals and amphibians is not well understood. To address the

affects of forest disturbances I estimated relative abundance of small mammals and

amphibians in 7 forest patch types and tested for selection of patch types. I compared

capture rates in each patch type to the expected capture rates based on sampling effort in

each patch type. After determining which species were mature forest associates at the

patch level, I then used landscape level capture rates of these species to test for

associations with mature forest area and fragmentation effects at the landscape scale.

Trap stations were located in 30 250- to 300-ha landscapes containing 27 patch types.

Sites were located in the Nestucca River, Drift, and Lobster Creek basins in the central

Oregon Coast Range. Red tree voles (Phenacomys longicaudus) and Trowbndge's

shrews (Sorex trowbridgii) selected conifer large sawtimber and mixed large sawtimber

patch types, respectively. California red-backed voles (Clethrionomys californicus)

selected conifer large sawtimber and conifer open pole patch types. Shrew moles



13

(Neuroirichus gibbsii), marsh shrews (Sorex benderii), Pacific shrews (Sorexpacg'Icus),

fog shrews (Sorex sonomae), vagrant shrews (Sorex vagrans), and creeping voles

(Microtus oregoni) selected mixed large sawtimber patch types as well as other patch

types. Deer mice (Peromyscus maniculatus) selected brush, grass-forb, and mixed open

pole patch types. Northwestern salamanders (Ambystoma gracile), Pacific giant

salamanders (Dicamptodon tenebrosus), western red-backed salamanders (Plethodon

vehiculum), southern torrent salamanders (Rhyacotriton variegatus), and tailed frogs

(Ascaphus trucE) selected only conifer large sawtimber and mixed large sawtimber patch

types and were considered mature forest associates. At the landscape scale, abundances

of all mature forest associates were positively correlated with the area of large sawtimber

on the landscape, however these mature forest associates were not associated with the

dichotomous fragmentation classification based on the density of mature forest edge

within each landscape (high or low). However, total core area across patch types was

positively correlated with captures of southern torrent salamanders and Pacific giant

salamanders at the landscape scale. Pacific giant salamanders were negatively associated

with landscape shape indices, and tailed frogs were negatively associated with the

number of core areas of all patch types on a landscape. I conclude that maintaining both

mixed and conifer large sawtimber patch types in landscapes in the central Oregon Coast

Range will influence the distribution of 16 forest floor vertebrate species. Maintaining

mature forest habitat and large core areas of all patch types may be important for Pacific

giant salamanders, tailed frogs, and southern torrent salamanders.



INTRODUCTION

Small mammals and amphibians are integral components of forest ecosystems,

because they are predators, insectivores, and prey for predatoiy birds, reptiles, mammals

and amphibians. Small mammals contribute to forest regeneration by dispersing seeds

and mycorrhizal fungal spores (Ure and Maser 1982, Hayes Ct al. 1986, Mills 1995).

Changes in abundances of small mammals and amphibians as a result of human

alteration of habitat may change ecosystem complexity. This could alter productivity,

sustainability, and biodiversity.

The primary anthropogenic alteration of forested ecosystems in the Pacific

Northwest has been the conversion of old and mature forests to a variety of younger

forested stands (Franklin and Forman 1987). As a result, landscapes in the central

Oregon Coast Range have become increasingly dominated by younger forest patch types

with lesser amounts of old and mature forest patches interspersed with the younger patch

types. Landscapes which were once relatively homogenous in pattern have become

increasingly fragmented over the past 50 years (Harris 1984, Impara 1997).

This conversion of homogenous mature forest landscapes to younger more

fragmented landscapes has been associated with adverse affects on some vertebrate

populations (Forsman et al. 1977, 1984; Brown 1985, Corn and Bury 1991, Thomas et al.

1993, Mills 1995, Gomez and Anthony 1996), however assessment of these alterations on

small mammals and amphibians has been limited, particularly at the landscape scale.

California red-backed voles, red tree voles, Trowbndge's shrews, Pacific giant

14
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salamanders, southern torrent salamanders, tailed frogs, and northwestern salamanders

have higher capture rates in old-growth and mature forests than in other forest types

(Welsh 1990, Gillesberg and Carey 1991, Corn and Bury 1991, Bury et al. 1991, Thomas

et al. 1993, Rosenberg et al. 1994, Mills 1995, Meiselman and Doyle 1996, Welsh and

Lind 1996). In contrast, deer mice, creeping voles, Oregon salamanders (Ensantina

eschscholtzii), and western red-backed salamanders have been captured more frequently

in younger forests (Sullivan and Krebs 1981, Van Horne 1981, Corn and Bury 1991, Bury

et al. 1991, Songer Ct al. 1997). Worldwide declines of amphibians have been associated

with several causal agents including habitat loss (Blaustein and Wake 1990, Fellers and

Drost 1993, Blaustein et al. 1994, Drost and Fellers 1996, Vertucci and Corn 1996, Fisher

and Shaffer 1996).

Patch is defined as an area that has homogenous environmental conditions

(Morrison et al. 1992) or alternatively, an area that differs in appearance from its

surroundings (Forman and Godron 1986). Previous research in the Pacific Northwest has

focused on comparison of animal abundance between 2 or 3 distinct patch types (usually

old-growth or mature forests and one of the younger patch types; Bury 1983, Carey and

Johnson 1995, Meiselman and Doyle 1996). I compared small mammal and amphibian

abundances among 7 or more distinct patch types in an attempt to more accurately assess

associations with a variety of habitat types. My first goal was to determine if the

distribution of small mammals and amphibians differed among patch types in the central

Oregon Coast Range.
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Species may respond differently to similar habitat features at different scales, so

once I determined which species were associated with mature forest patch types my

second goal was to assess associations between capture rates of mature forest patch

associates and the composition and pattern of mature forest on the landscapes sampled.

Composition is the amount of mature forest present on a landscape, while pattern of the

mature forests on the landscape consists of several indices characterizing edge, core

areas, shape, and patches within the landscapes. My objective was to assess associations

between capture rates of mature forest patch associates and the composition of mature

forest at the landscape scale. In addition, I investigated associations between captures of

mature forest patch associates and the pattern of mature forests on the landscape. For

example, species associated with interior mature forest habitat would be associated with

landscapes dominated by mature forest in a contiguous habitat configuration.

STUDY AREA

I sampled landscapes in the Nestucca River, Lobster Creek, and Drift Creek

basins in the central Oregon Coast Range (Fig. 2.1) (McGarigal and McComb 1995). A

stand replacement fire burned the most of the study area in the mid-1800's and the area

was reforested through natural regeneration (Spies and Cline 1988, Impara 1997). Forest

managers have used a staggered distribution of 10- to 20-ha clearcuts over the last 40

years which are interspersed with uncut forest areas of equal or larger size. This has

resulted in highly fragmented landscapes with bimodal age distributions of< 40 years of

age and 120-140 years of age. Mature forests included isolated patches of old-growth



Figure 2.1. Location of Drift Creek, Lobster Creek, and Nestucca River basins in the
central Oregon Coast Range. Small mammals and amphibians were pitfall trapped in
April-May 1995, 1996 (adapted from Brooks 1997).

17
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(multistory canopy, mean diameter breast height (dbh)> 81 cm, > 200 yrs old). Land

ownership is dominated by public agencies including the USDA Forest Service, USD1

Bureau of Land Management, and the Oregon Department of Forestry. A small portion

of the total area sampled was in private ownership, primarily industrial forest land

dominated by younger forest stands (<40 yrs).

Overstory vegetation is dominated by Douglas-fir (Pseudosuga menziesii), with

lesser amounts of western hemlock (Tsuga hetrophylla), Sitka spruce (Picea sitchensis),

western redcedar (Thuja plicata), red alder (A/ntis rubra), and bigleaf maple (Acer

macrophyllum). Understory vegetation is primarily composed of salmonbeny (Rubus

spectabilis), salal (Gaultheria shallon), vine maple (Acer circinatum), sword fern

(Polystichum munitum) , devil's club (Oplopanax horridus), and thimbleberry (Rubus

parvflorus). The central Oregon Coast Range is characterized by cool, dry summers and

mild, wet winters receiving 170-300 cm of annual precipitation. Temperatures in the

central Oregon Coast Range rarely rise above 27° C or drop below 0° C (Franklin and

Dyrness 1973, Brown and Curtis 1985).

METHODS

Study Design

I selected 10 250- to 300-ha landscapes in each of 3 basins (Lobster Creek, Drift

Creek, Nestucca River) located in Benton, Tillamook, Yamhill, and Lincoln counties in

the central Oregon Coast Range (n = 30; Fig. 2.1). Each landscape was traversed by a
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third- or fourth-order stream and was comprised of multiple patch types. Landscapes

were selected based on the % of the landscape in mature forest (mean dbh> 53 cm)

condition (0,20,40, 60, 80 or 100 %) and density of mature forest edges (i.e. high or low

fragmentation level) (Fig. 2.2). These sites were previously used by MeGarigal and

McComb (1995) to assess relationships between avian observations and landscape

patterns.

Within each landscape, line transects were located at 400-rn intervals

perpendicular to each stream with pitfall trapping stations located at 200-rn intervals

along each transect. The first transect was randomly located within each landscape, with

subsequent transects located in reference to the first. This resulted in a 200- x 400-rn

grid pattern with 3 1-38 trapping stations in each landscape. A total of 1,032 trapping

stations were distributed across the 30 landscapes.

Patch Delineations

Vegetation mapping was based on a preexisting classification scheme used for

wildlife habitat classification in western Oregon and Washington (Hall et al. 1985).

Patch types were delineated from aerial photos using a stereoscope and then ground-

truthed for accuracy. Twenty-seven patch types were defined including 5 nonforested

and 22 forested patch types. The nonforested patch types included brush fields, grass-

forb dry hillsides, hardwood shrubby wetlands, herbaceous wetlands and open water.

Determination of forested patch types was based on plant community (conifer,

hardwood, mixed), seral condition (grass/forb, shrub, sapling, pole, small sawtimber,
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Figure 2.2. Schematic representation of study design replicated over the Nestucca River,
Drift, and Lobster Creek basins in the central Oregon Coast Range. Small mammals and
amphibians were trapped during Apr-May 1995, 1996 (adapted from McGarigal 1993).
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large sawtimber), and canopy closure (closed, open) for sapling and pole seral

conditions. Minimum patch size was 0.785 ha and 50 m wide at its narrowest width.

Vertebrate capture rates were compared among the 14 most abundant patch types

(Table 2.1). Using geographical information systems (GIS), stations were classified into

either single or multiple patch types based on the % composition of each patch type

within a 50-rn radius (2 ha) surrounding each station. I eliminated patch types consisting

of< 25% of a station's total patch composition (<0.5 ha) and reclassified the station to

the dominant patch type(s) comprising the 50-rn radius surrounding it (n =251 stations).

Landscape Delineations

Landscapes were delineated from aerial photos of subbasins based on the amount

of mature forest and the density of edge involving mature forest and all other patch types

(i.e. spatial heterogeneity; McGarigal and McComb 1995). Subbasins were used because

watersheds are often used as management units by land management agencies.

Landscape size and study design requirements forced me to use either portions of

subbasins or combinations of more than I adjacent subbasins for 21 of the 30 landscapes

selected.

Small Mammal and Amphibian Trapping

At each trapping station, 1 pitfall trap was established in each cardinal direction

10 m from the grid station center point (4 traps per station) (Bury and Corn 1987,

McComb et al. 1991). Pitfall traps were constructed from 2 #10 cans taped together with



Table 2.1. Definition of patch types delineated across 30 landscapes in the central Oregon Coast Range and used in comparisons of
small mammal and amphibian capture rates. Pitfall trapping was conducted for 31 days in Apr-May, 1995-96.

Conifer, Large Sawtimber

Mixed, Large Sawtimber

Hardwood, Large Sawtimber

Conifer, Closed Pole

Conifer, Open Pole

Mixed, Closed Pole

Mixed, Open Pole

Conifer, Open Sapling

Mixed, Open Sapling

Conifer, Open Sapling/Pole

Mixed, Open Sapling/Pole

Brush and Shrub sites

Brush Fields

Mixed, Grass, Forb

> 70% conifer, > 20% cover,> 53.3cm mean dbh

<70% conifer or hardwood, > 20% cover,> 53.3 cm mean dbh

> 70% hardwood, > 20% cover, > 53.3 cm mean dbh

> 70% conifer, 70-100% crown cover, > 3 m mean ht, 10.2-30.5 cm mean dbh

> 70% conifer, 20-70% crown cover, > 3 m mean ht, 10.2-30.5 cm mean dbh

<70% conifer or hardwood, 70-100% crown cover, > 3 m mean ht, 10.2-30.5 cm mean dbh

<70% conifer or hardwood, 20-70% crown cover, > 3 m mean ht, 10.2-30.5 cm mean dbh

> 70% conifer, 20-70% crown cover, > 3 m mean ht, 2.5-10.2 cm mean dbh

<70% conifer or hardwood, 20-70% crown cover, > 3 m mean ht, 2.5-10.2 cm mean dbh

> 70% conifer, 20-70% crown cover, > 3 m mean ht, 2,5-30.5 cm mean dbh

<70% conifer or hardwood, 20-70% crown cover, > 3 m mean ht, 2.5-30.5 cm mean dbh

<20% in trees, < 3 m mean ht, <2.5 cm mean dbh, > 40% crown cover in shrubs or brush

Areas which will remain in brush until a disturbance alters the site conditions

<20 conifer or hardwood, < 3 m mean ht, <2.5 cm mean dbh, > 40% crown cover any ht

Patch Type Definition
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the top and bottom removed from the top can and the top removed from the bottom can.

A 0.9-kg margarine tub was placed inside the top of the trap to act as a funnel to prevent

small mammals and amphibians from escaping. Two holes approximately 4 mm in

diameter were drilled approximately 7.5 cm from the bottom of each trap to allow

drainage, yet retain water to facilitate amphibian survival. Traps were buried level or

slightly below ground level.

Traps were opened for 31 days in the Drift Creek sites during Apr-May 1995 and

31 days in the Nestucca River and Lobster Creek sites during Apr-May 1996. Traps were

checked every 2 weeks, amphibians were identified to species, measured from vent to

snout and released 10 m outside the trapping area. Dead amphibians and small

mammals were bagged, frozen and subsequently identified in the laboratory. Small

mammals were disseminated to museums at the University of Minnesota, University of

Massachusetts, Oregon State University, and the University of Alaska-Fairbanks.

Landscape Analyses

Using a geographical information system (GIS), previously digitized landscapes

were reclassified from multiple patch types into 3 new patch types based on patch

selection for each species (>, <, or = to expected). All patches in which a species was

captured more frequently than expected based on trapping effort were considered one

patch type and given a weight of 1.0. Similarly, patches where a species was captured

equal to expected based on trapping effort were grouped together and given a weight of

0.5, and patches in which a species was captured less frequently than expected based on
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trapping effort were grouped together and given a relative weight of 0.0. These relative

weights are used to quantifi edge contrasts indices in FRAGSTATS. These reclassified

landscapes were processed through FRAGSTATS to generate 24 indices representing

patch characteristics, edge distances, shape indices, and core indices for each landscape

(McGarigal and Marks 1995).

Statistical Analyses

Selection or avoidance of a patch type was defined based on a comparison of

capture rates of individuals in each patch type to what would be expected at random.

Simultaneous confidence intervals based on multinomial probabilities were used to

facilitate these comparisons (Bailey 1980, Cherry 1996). I used 95% confidence

intervals around the expected use value (# of stations in a particular patch type / # of

stations in all patch types) for each patch type. If a species' actual use (# of captures for

a species in a particular patch type / total # of captures of the same species in all patches)

was > the upper confidence interval then I concluded that the species 'selected' that

patch type. If a species actual use was > the lower confidence interval and < the upper

confidence interval then I could not determine selection or avoidance of that patch type.

If a species actual use was <the lower confidence interval then the species 'avoided' that

particular patch type.

I combined conifer shrub, hardwood shrub, brush fields, and mixed shrub patch

types to form a new patch type called brush-shrub. Patch types covering less than 15

total stations (conifer closed sapling, conifer small sawtimber, grass-forb dry hillsides,
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hardwood closed pole, hardwood closed sapling, hardwood open pole, hardwood open

sapling, hardwood small sawtimber, hardwood-shrubby wetlands, herbaceous wetlands,

mixed closed sampling, mixed small sawtimber and open water) and all stations

composed of 2 or more patch types were eliminated to meet sample size assumptions

(Cherry 1996). This reduced the number of trapping stations in the analyses to 820 and

the number of patch types to 11. Species also were divided into two categories: those

with> 100 total captures (n = 13) and species with 20-100 total captures (n = 10). For

species with> 100 captures I compared patch use among 11 different patch types.

Species with <20 captures (n = 8) were considered rare and not used in these analyses.

To meet the 95% confidence interval requirements (Cherry 1996) for species with

20-100 captures I combined conifer open pole and conifer open sapling into a new patch

type called conifer open sapling/pole. Similarly, I combined mixed open pole and mixed

open sapling to form mixed open sapling/pole. Lastly, I dropped brush-shrub and

hardwood large sawtimber patch types because the expected number of captures was too

low to assess 'selection' accurately (Cherry 1996). After combining and dropping patch

types to meet sample size assumptions I compared patch use among 7 patch types

encompassing 769 stations for species with 20-100 captures.

Linear regression was used to test for associations between composition of mature

forests on the landscape (independent variable) and capture rates for mature forest

associates (dependent variable). Forward stepwise regression was used to assess

correlations between capture rates and the dichotomous fragmentation classification

which was based on mature forest edge density within each landscape.
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Many of the landscape pattern indices generated using FRAGSTATS are highly

correlated, hence I used correlation analyses to reduce the number of variables within

subgroups of pattern statistics generated by FRAGSTATS. These subgroups were

divided by patch, edge, shape, and core indices and a correlation coefficient 0.7

between variables within each subgroup was considered significant. This reduced the

number of pattern indices to 9, with 2-3 indices from each of the subgroups.

Forward stepwise regression procedures were used to assess associations with

fragmentation indices generated from FRAGSTATS independent of composition effects

by first forcing the area of mature forests into the model as an independent variable. To

reduce spurious correlations I used P-values 0.05 and R2 statistics 30 to assess

significant association between pattern indices and capture rates for each species.

RESULTS

Amphibians

I captured 1,369 amphibians of 11 species in 127, 900 trap nights (Table 2.2).

Nine species of amphibians had> 20 captures (Table 2.2,2.3) and met the criteria for

analyses. Seven of the 9 amphibian species analyzed selected mixed and/or conifer large

sawtimber patches. Northwestern salamanders, Pacific giant salamanders, southern

torrent salamanders, tailed frogs, and western red-backed salamanders selected conifer

large sawtimber and mixed large sawtimber patch types (Table 2.3). Dunn's salamanders

(Plethodon dunn!) and red-legged frogs (Rana aurora) selected mixed large sawtimber
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Table 2.2. Captures/1000 trap nights of small mammals and amphibians in 30
landscapes in the central Oregon Coast Range. Traps were open for 31 days in Apr-May,
1995-1996.

A Mammals captured too infrequently for analyses: Long-tailed vole (Micro! us
longicaudus) (11), Townsend's vole (Microtus townsend/i) (6), Ermine (Mustela
erminea) (18), Townsend's mole (Scapanus townsend!!) (4), Brush rabbit
(Sylvilagus bachanani) (12), Townsend's chipmunk (Tam/us townsend/i) (3).

B Amphibians captured too infrequently for analyses: Clouded salamander (A ne/des
ferreus) (6), Pacific tree frog (.Pseudacris regilla) (7).

Species Total captures (n) Captures / 1000 trap nights
MAMMALSA

Calif. red-backed vole (Clethnonomys cdifornicus) 780 6.10

Creeping vole (Microtus oregon!) 82 0.64

Shrew-mole (Neurotrichus gibbs!!) 223 1.74

Deer mouse (Peromyscus maniculatus) 552 4.32

White-footed vole (Phenacomys albipes) 85 0.67

Red tree vole (Phenacomys long! caudus) 42 0.33

Coast mole (Scapanus orarius) 81 0.63

Marsh shrew (Sorex bender!!) 265 2.07

Pacific shrew (S. pacificus) 1,197 9.36

Fog shrew (S. sonomae) 2,051 16.04

Trowbridge's shrew (S. trowbridgii) 10,279 80.37

Vagrant shrew (S. vagrans) 353 2.76

Pocket gopher (Thomomys mazama) 28 0.22

Pacific jumping mouse (Zapus trinotatus) 820 6.41

AMPHIBIANSB

Northwestern salamander (Ambystoma gracile) 26 0.20

Tailed frog (Ascaphus true!) 221 1.73

Pacific giant salamander (Dicamplodon lenebrosus) 46 0.36

Oregon salamander (Ensantina eschscholtzii) 213 1.67

Dunn's salamander (Plethodon dunn!) 51 0.40

Western red-backed salamander (P. vehiculum) 482 3.77

Red-legged frog (Rana aurora) 30 0.24

S. torrent salamander (Rhyacotriton variegatus) 79 0.62

Roughskin newt (Taricha granulosa) 208 1.63



Table 2.3. Observed capture rates of amphibians (# of captures by patch type / total # of captures) vs. expected capture rates (# traps
by patch type / total # of traps) in 11 patch types in the Central Oregon Coast Range during Apr-May 1995, 1996. Actual captures
rates are either less than expected (<), greater than expected (>), or equal to expected (j capture rates.

00

Patch type

Northwestern

Salamander (26)

Tailed Frog

(221)

Pacific Giant

Salamander (46)

Oregon Salamander

(213)

Dunn's Salamander

(51)

Conifer Large Sawtimber (216) > (0.35/0.21) > (0.27/0.21) > (0.28/0.21) = (0.21/0.2 1) <(0.12/0.21)

Mixed Large Sawtimber (180) > (0.23/0.17) > (0.33/0.17) > (0.22/0.17) = (0. 17/0. 17) > (0.31/0.17)

Hardwood Large Sawtimber (24) = (0.03/002) <(0.01/0.02)

Conifer Closed Pole (156) <(0.04/0.15) <(0.10/0.15) <(0.09/0.15) = (0.18/0.15) <(0.06/0.15)

Conifer Open Pole (49) <(0.01/0.05) <(0.02/0.05)

Mixed Closed Pole (54) <(0.00/0.05) = (0.04/0.05) = (0.07/0.05) = (0.05/0.05) = (0.06/0.05)

Mixed Open Pole (31) = (0.04/0.03) > (0.06/0.03)

Conifer Open Sapling (33) <(0.00/0.03) <(0.01/0.03)

Mixed Open Sapling (20) = (0.01/0.02) (0.03/0.02)

Conifer Open Sapling/Pole (83) = (0.08/0.08) <(0.02/0.08) = (0.06/0.08)

Mixed Open Sapling/Pole (51) = (0.04/0.05) <(0.00/0.05) = (0.06/0.05)

Brush-Shrub (19) = (0.0 1/0.02) = (0.02/0.02)

Mixed Grass Forb (38) <(0.00/0.04) <(0.01/0.04) = (0.02/0.04) = (0.02/0.04) <(0.00/0.04)



Table 2.3 continued

Patch type

Western Red-backed

Salamander (482)

Red-legged Frog

(30)

Southern Torrent

Salamander (79)

Roughskin Newt (208)

Conifer Large Sawtimber (216) > (0.28/0.21) = (0.20/0.21) > (0.27/0.21) <(0.16/0.21)

Mixed Large Sawtimber (180) > (0.24/0.17) > (0.37/0.17) > (0.32/0.17) > (0.23/0.17)

Hardwood Large Sawtimber (24) (0.03/0.02) <(0.00/0.02)

Conifer Closed Pole (156) <(0.08/0.15) = (0.13/0.15) = (0.14/0.15) (0.13/0.15)

Conifer Open Pole (49) <(0.02/0.05) <(0.01/0.05)

Mixed Closed Pole (54) (0.05/0.05) <(0.03/0.05) (0.05/0.05) <(0.02/0.05)

Mixed Open Pole (31) (0.02/0.03) > (0.08/0.03)

Conifer Open Sapling (33) <(0.02/0.03) <(0.01/0.03)

Mixed Open Sapling (20) (0.01/0,02) = (0.01/0.02)

Conifer Open SaplingfPole (83) <(0.00/0.08) <(0.00/0.08)

Mixed Open Sapling/Pole (51) <(0.03/0.05) <(0.00/0.05)

Brush-Shrub (19) <(0.01/0.02) (0.02/0.02)

Mixed Grass Forb (38) (0.05/0.04) <(0.0010.04) <(0.01/0.04) <(0.01/0.04)
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patch types (Table 2.3). Oregon salamanders selected mixed open pole and conifer

closed pole patch types and roughskin newts (Taricha granulosa) selected mixed large

sawtimber and mixed open pole patch types (Table 2.3). None of the amphibians

captured showed any malformations as observed in other parts of the United States.

Northwestern salamanders, tailed frogs, Pacific giant salamanders, western red-

backed salamanders, and southern torrent salamanders were all positively correlated with

the amount of mature forests coveting the landscapes (P < 0.03). However, none of these

mature forest patch associates were either positively or negatively correlated to the

dichotomous landscape classification of high or low fragmentation.

Capture rates of southern torrent salamanders and Pacific giant salamanders were

positively associated with the amount of total core area of all patch types within a

landscape (P 0.002, R2 0.59; Table 2.4). Pacific giant salamanders were also

negatively associated with the landscape shape index (F= 8.46, P = 0.008, R2= - 60) and

tailed frogs were negatively associated with number of core areas of all patch types

within a landscape (F = 8.82, P = 0.006, R = - 0.46; Table 2.4). Northwestern

salamanders and western red-backed salamanders were not significantly associated with

any of the pattern indices generated from FRAGSTATS (Table 2.4).

Small Mammals

We captured 16,892 small mammals of 20 species (Table 2.2). Fourteen species

of small mammals had> 20 captures (Table 2.2, 2.5) and met the criteria for analyses.

Red tree voles and California red-backed voles selected conifer large sawtimber patch
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Table 2.4. Associations between capture rates of 5 amphibian species and landscape
level fragmentation indices for all patch types generated using FRAGSTATS (McGarigal
and Marks 1995). Amphibians were captured in the central Oregon Coast Range during
Apr-May 1995,1996.

Species Response Variable F-statistic P-value R-squared

Northwestern Salamander Largest Patch Index <0.001 0.99 0.05

Northwestern Salamander Number of Patches 0.73 0.40 - 0.09

Northwestern Salamander Edge Density 1.66 0.21 -0,19

Northwestern Salamander Contrast Wted. Edge Density 0.65 0.43 -0,21

Northwestern Salamander Landscape Shape Index 3.33 0.08 - 0.04

Northwestern Salamander Mean Shape Index 0.007 0.94 0,09

Northwestern Salamander Area Wted. Mean Shape Index 1.10 0.31 0.11

Northwestern Salamander Total Core Area 2.81 0.11 0.09

Northwestern Salamander Number of Core Areas 0.59 0.45 - 0.05

Tailed Frog Largest Patch Index 1.23 0.28 0.34

Tailed Frog Number of Patches 3.68 0.07 -0.29

Tailed Frog Edge Density 1.18 0.29 - 0.50

Tailed Frog Contrast Wted. Edge Density 1.94 0.18 -0.17

Tailed Frog Landscape Shape Index 0.45 0.51 -0.43

Tailed Frog Mean Shape Index 0.55 0.47 0.28

Tailed Frog Area Wted. Mean Shape Index 0.79 0.38 0.13

Tailed Frog Total Core Area 0.82 0.38 0,44

Tailed Frog Number of Core Areas 8.82 0.006 -0.46

Pacific Giant Salamander Largest Patch Index 0.10 0.76 0.59

Pacific Giant Salamander Number of Patches 1.04 0.32 - 0.50

Pacific Giant Salamander Edge Density 1.88 0.18 - 0.40

Pacific Giant Salamander Contrast Wted. Edge Density 1.90 0.18 -0.14

PacØc Giant Salamamkr Landscape Shape Index 8.46 0.008 -0.60

Pacific Giant Salamander Mean Shape Index 0.96 0.34 0.21

Pacific Giant Salamander Area Wted. Mean Shape Index 0.001 0.97 0,16



Table 2.4. continued
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Species Response Variable F-statistic P-value R-squared

Pacfic Giant Salamander Total Core Area 12,46 0.002 0.59

Pacific Giant Salamander Number of Core Areas 0.52 0.48 - 0.45

Western red-backed Salamander Largest Patch Index 0.50 0.49 - 0.06

Western red-backed Salamander Number of Patches 1.52 0.23 -0.15

Western red-backed Salamander Edge Density 1.08 0.31 -0.05

Western red-backed Salamander Contrast Wted. Edge Density 0.16 0.70 -0.05

Western red-backed Salamander Landscape Shape Index 0.01 0.91 -0.12

Western red-backed Salamander Mean Shape Index 0.15 0.71 0.07

Western red-backed Salamander Area Wted. Mean Shape Index 3.29 0.08 -0.01

Western red-backed Salamander Total Core Area 0.24 0.63 0.02

Western red-backed Salamander Number of Core Areas 0.17 0.69 0.05

Southern Torrent Salamander Largest Patch Index <0.001 0.99 0.65

Southern Torrent Salamander Number of Patches 1.48 0.24 - 0.47

Southern Torrent Salamander Edge Density 0.40 0.53 - 0.52

Southern Torrent Salamander Contrast Wted. Edge Density 0.02 0.88 -0.12

Southern Torrent Salamander Landscape Shape Index 0.009 0.93 - 0.67

Southern Torrent Salamander Mean Shape Index 11.00 0.003 0.06

Southern Torrent Salamander Area Wted. Mean Shape Index 5.51 0.03 0.15

Southern Torrent Salamander Total Core Area 22.46 <0.001 0.69

Southern Torrent Salamander Number of Core Areas 0.62 0.44 - 0.45



Table 2.5. Observed capture rates (# of captures by patch type / total # of captures) of small mammals vs. expected capture rates (#
traps by patch type / total # of traps in all patch types) in the Central Oregon Coast Range during Apr-May 1995, 1996. Actual
captures rates are either less than expected (<), greater than expected (>), or equal to expected (=) capture rates.

Patch type
California red-

backed vole (780)
Shrew-mole

(223)
Deer mouse

(552)
Creeping vole

(82)
White-footed

vole (85)
Red tree vole

(42)
Coast mole (71)

Conifer Large Sawtimber (216) > (0.35/0.2 1) = (0.20/0.2 1) <(0.13/0.21) <(0.05/0.21) <(0.13/0.21) > (0.41/0.21) > (0.26/0.21)

Mixed Large Sawtimber (180) <(0.11/0.17) > (0.23/0.17) <(0.14/0.17) = (0.16/0.17) = (0. 17/0. 17) = (0.17/0,17) <(0.07/0.17)

Hardwood Large Sawtimber (24) <(0.00/0.02) = (0.03/0.02) = (0.02/0.02)

Conifer Closed Pole (156) = (0.15/0.15) <(0.10/0.15) = (0.13/0.15) <(0.03/0.15) <(0.07/0.15) <(0.10/0.15) = (0.12/0.15)

Conifer Open Pole (49) = (0.06/0.05) = (0.04/0.05) = (0.06/0.05)

Mixed Closed Pole (54) <(0.02/0.05) = (0.06/0.05) = (0.05/0.05) = (0.04/0.05) > (0.09/0.05) <(0.00/0.05) > (0.28/0.05)

Mixed Open Pole (31) = (0.03/0.03) = (0.04/0.03) > (0.06/0.03)

Conifer Open Sapling (33) > (0.06/0.03) = (0.03/0.03) = (0.05/0.03)

Mixed Open Sapling (20) (0.03/0.02) > (0.04/0.02) = (0.02/0.02)

Conifer Open Sapling/Pole (83) = (0.07/0.08) = (0.09/0.08) <(0.00/0.08) = (0.10/0.08)

Mixed Open Sapling/Pole (51) = (0.05/0.05) > (0.07/0.05) <(0.00/0.05) <(0.01/0.05)

Brush-Shrub (19) = (0.0 1/0.02) <(0.01/0.02) > (0.04/0.02)

Mixed Grass Fort, (38) <(0.01/0.04) <(0.01/0.04) > (0.07/0.04) > (0.12/0.04) <(0.01/0.04) = (0.02/0.04) = (0.03/0.04)



Table 2,5 continued

Patch type
Marsh Shrew

(265)
Pacific shrew

(1,197)
Fog Shrew

(2,051)
Trowbridge's

shrew (10,279)
Vagrant Shrew

(353)
Pocket Gopher

(28)
Pacific Jumping

Mice (820)

Conifer Large Sawtimber (216) <(0.16/0.21) <(0.12/0.21) = (0.20/0.2 1) = (0.22/0.2 1) <(0.09/0.21) <(0.14/0.21) <(0.05/0.21)

Mixed Large Sawtimber (180) > (0.28/0.17) > (0.22/0.17) > (0.2 1/0.27) > (0.23/0.17) > (0.22/0.17) <(0.11/0.17) > (0.27/0.17)

Hardwood Large Sawtimber (24) > (0.05/0.02) > (0.09/0.02) = (0.02/0.02) = (0.03/0.02) > (0.05/0.02) > (0.05/0.02)

Conifer Closed Pole (156) <(0.08/0.15) <(0.09/0.15) = (0,13/0.15) <(0.11/0.15) <(0.06/0.15) <(0.11/0.15) <(0.04/0.15)

Conifer Open Pole (49) <(0.02/0.05) = (0.04/0.05) > (0.07/0.05) = (0.04/0.05) = (0.04/0.05) <(0.03/0.05)

Mixed Closed Pole (54) = (0.04/0.05) > (0.09/0.05) <(0.03/0.05) = (0.06/0.05) = (0.04/0.05) <(0.00/0.05) <(0.02/0.05)

Mixed Open Pole (31) = (0.03/0.03) = (0.03/0.03) = (0.04/0.03) = (0.03/0.03) = (0.02/0.03) = (0.02/0.03)

Conifer Open Sapling (33) <(0.00/0.03) = (0.04/0.03) (0.03/0.03) = (0.03/0.03) = (0.03/0.03) = (0.02/0.03)

Mixed Open Sapling (20) <(0.00/0.02) <(0.01/0.02) (0.03/0.02) = (0.02/0.02) = (0.02/0.02) = (0.02/0.02)

Conifer Open Sapling/Pole (83) = (0.07/0.08)

Mixed Open Sapling/Pole (51) <(0.00/0.05)

Brush-Shrub (19) = (0.01/0.02) > (0.04/0.02) = (0.03/0.02) = (0.02/0.02) > (0.06/0.02) > (0.03/0.02)

Mixed Grass Forb (38) <(0.02/0.04) = (0.03/0.04) = (0.03/0.04) <(0.01/0.04) > (0.11/0.04) > (0.07/0.04) > (0.09/0.04)
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types; California red-backed voles also selected conifer open sapling patch types (Table

2.5). Trowbndge's shrews selected mixed large sawtimber patch types, however, shrew

moles, marsh shrews, Pacific shrews, fog shrews, vagrant shrews, and creeping voles also

selected mixed large sawtimber patch types along with other patch types (Table 2.5).

Coast moles (Scapanus orarius) selected mixed closed pole patch types. Deer mice

selected mixed grass forb, mixed open pole, and brush-shrub patch types. White-footed

voles (Phenacomys albipes), selected patch types with open canopies and sapling/pole

tree sizes (conifer open sapling/pole, mixed open sapling/pole). Pocket gophers

(Thomomys mazama) selected mixed grass forb and conifer open sapling/pole patch

types.

None of the small mammals sampled preferentially selected the 2 mature forest

patch types (conifer large sawtimber and mixed large sawtimber). Since the study design

was based on a matrix of large sawtimber composition and fragmentation I was

precluded from landscape level analyses for species which were not associated with both

conifer and mixed large sawtimber patch types.

DISCUSSION

Study Design

Since this is a retrospective study, the results are indicative of general trends and

do not represent cause and effect relationships. However, my sample sizes were large

and I sampled multiple stands, patch types, subbasins, and basins. Sampling was



conducted in the spring of the year to avoid estimates of abundances associated with

reproduction and dispersal ofjuveniles during the summer and autumn seasons. Sites

were only sampled during a single spring season and results may differ at various times

of the year or among different years. Overall, I am confident my data represents an

accurate assessment of spring habitat selection by forest floor vertebrates in the central

Oregon Coast Range.

Amphibians

Patch Associations

Several studies conducted in both eastern deciduous forest and western

coniferous forests have found negative correlations between amphibian abundances and

stands that were either recently clearcut or selectively harvested (Brown 1985, Pough et

al. 1987, Corn and Bury 1989, DeGraaf and Yamasaki 1992, Cole et al. 1997). I did not

specifically sample sites that were recently harvested; however, I did sample 2 patch

types lacking overstory cover (brush-shrub, mixed grass forb), which originated from a

variety of sources including recent clearcutting. Brown (1985) classified grass/forb and

shrub as primary habitat for northwestern salamanders and roughskin newts, however,

none of the species I sampled including northwestern salamanders and roughskin newts

selected these 2 patch types. As suggested in other studies (Pough et al. 1987, Welsh

1990, Welsh and Lind 1996), this minimal overstory condition may be related to

microhabitat and microclimatic conditions on the forest floor, to which amphibians are
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particularly sensitive (Feder 1983). The central Oregon Coast Range is cool and moist

most of the year, but experiences hot and dry summers. These hot and dry climatic

conditions may amplify the heating and drying of the forest floor where the overstory has

been removed or significantly reduced (Geiger 1971), making these sites undesirable for

amphibians.

Stage of seral development may influence use of a stand by amphibians (Brown

1985, Welsh 1990, Welsh and Lind 1996). Consistent with Brown (1985), Oregon

salamanders selected only pole patch types while roughskin newts selected pole and large

sawtimber patch types. All other amphibians sampled selected large sawtimber patch

types. This differs from Brown (1985), which classified mature forests as secondaiy

habitat for Oregon salamanders and red-legged frogs. Like the red-spotted newt

(Notophthaimus viridescens) in New York, which were more abundant in selectively

harvested stands than in old-growth stands (Pough et al. 1987), Oregon salamanders may

prefer the patch types with less canopy closure (i.e. open pole). Roughskin newts may be

focusing on other patch features, such as coarse woody debris or standing water.

Southern torrent salamanders, tailed frogs, Dunn's salamanders, northwestern

salamanders, Pacific giant salamanders, and western red-backed salamanders selected

only mature forest patches. Similar results have been observed for southern torrent

salamanders and tailed frogs in northwestern California (Welsh 1990, Welsh and Lind

1996).

Red-legged frogs, roughskin newts and Dunn's salamanders selected only mixed

patch types indicating a distinct association with patch types comprised of both conifer
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and deciduous trees. Northwestern salamanders, tailed frogs, Pacific giant salamanders,

Oregon salamanders, western red-backed salamanders, and southern torrent salamanders

selected patch types dominated by both conifer and mixed patch types. These species

may be habitat generalists once minimum age and overstory requirements are met. Red-

legged frogs selected only mixed large sawtimber patch types, which may be indicative

of a specific preference for mixed older patch types. While pure hardwood patches

comprise a relatively small proportion of the landscapes in western Oregon, none of the

sampled species selected the hardwood large sawtimber patch type. This is inconsistent

with previous studies by McComb et al. (1993) and Cole et al. (1997) which found high

numbers of several amphibians in deciduous stands in western Oregon. One possible

explanation for these inconsistencies may be the time of year sampling occurred. Pure

deciduous stands in western Oregon are generally associated with moist environments

and ripanan habitat. My sampling occurred during the early spring months when rainfall

is high, following several months of high precipitation in the form of snow and rain.

McComb et al. (1993) and Cole et al. (1997) sampled during the hot, dry summer months

and in early autumn when moister deciduous patch types may be acting as a refugeum for

salamanders. These deciduous habitats are probably important for amphibians, but may

be more of a factor during the summer and fall months.

None of the amphibian species sampled selected patch types with < 20%

overstoiy cover (brush fields, brush-shrub, mixed grass forb patch types) which may

indicate an association with overstory cover for all the amphibian species I sampled.
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Overstory cover provides shade for the forest floor resulting in cool, moist microclimatic

conditions which are favorable for amphibians.

Landscape Associations

All 5 species of amphibians which were associated with mature forest patch types

were also associated with the amount of mature forests on the landscape. The amount of

core area, which is the area of any patch type within a 100-rn perimeter of an edge, is an

important landscape pattern for both Pacific giant salamanders and southern torrent

salainanders. These species appear to be responding to both the amount of mature forest

on a landscape and interior habitat of all patch types across a landscape. Consistent with

this, Pacific giant salamanders are negatively associated with landscapes that contain

high landscape shape indexes. In other words, Pacific giant salamanders were captured

at higher rates in landscapes which consisted of increasing amounts of core area,

increasing mature forest composition, and patch shapes which minimize edge-to-area

ratios. Capture rates of tailed frogs were negatively associated with the number of core

areas within a landscape. As a group these amphibians are more abundant in landscapes

with one or a few large circular-shaped patches and landscapes consisting of mature

forest.



Small Mammals

Patch Associations

Consistent with previous studies in the Pacific Northwest (Gillesberg and Carey

1991, Thomas et al. 1993, Meiselman and Doyle 1996) red tree voles, a Categoiy 2

species (candidate for federal listing), selected only conifer large sawtimber patches.

California red-backed voles, a species associated with down woody debris and coniferous

forests (Rosenberg et al. 1994, Tallmon and Mills 1994, Mills 1995) selected conifer

large sawtimber and conifer open sapling patch types. Conifer large sawtimber and

conifer open sapling are patch types on opposite ends of the successional scale. In

contrast with earlier studies of California red-backed voles, these 2 patch types may not

be correlated with the highest levels of down woody debris in the central Oregon Coast

Range (Spies et al. 1988). Both patch types may, however, be above a minimum

threshold of down woody debris volume, making them suitable habitat for California red-

backed voles.

Trowbridge's shrews selected mixed large sawtimber patch types, consistent with

previous research (George 1989, Gomez 1992), though abundances were high in all patch

types (as observed throughout the range of this species; Carey and Johnson 1995). Shrew

moles, vagrant shrews, marsh shrews, Pacific shrews, fog shrews, and creeping voles

selected mixed large sawtimber patch types along with a variety of other patch types

depending on the species. Although these species selected a variety of patch types they

all selected mixed large sawtimber patch types. White-footed vole (a Category 2 species)
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selection of conifer and mixed open sapling/pole habitat could be associated with high

levels ofdeciduous shrub cover in these relatively open stands. This is consistent with

earlier habitat studies in the central Oregon Coast Range (Gomez 1992), but contradict

Brown (1985) and earlier dietary analyses for this species (Voth et al. 1983). Pocket

gophers selected open patch types, which are younger forests associated with increased

shrub cover. This is consistent with results from the western Washington, where food

caches collected from pocket gopher burrows were dominated by thistle (Cirsium spp.)

and Scotch broom (C'yisus scoparius) (Witmer et al. 1996), early successional species

associated with open forest habitats. Deer mice, a disturbance-associated species

(Fairbairn 1978, Van Home 1981, Sullivan and Krebs 1981, Brown 1985, Wolff 1989),

selected early successional patch types (mixed grass-forb, brush-shrub, mixed open pole)

consistent with findings in the Olympic Pennisula of Washington (Songer et al. 1997).

However, deer mice were habitat generalists captured frequently in all habitat types.

Since none of the small mammals sampled selected mature forest patch types exclusively

I did not analyze small mammal capture rates at the landscape scale.

MANAGEMENT IMPLICATIONS

Maintaining both mixed large sawtimber and conifer large sawtimber patch types

in landscapes in the central Oregon Coast Range may contribute to maintaining species

richness in this region. Small mammals and amphibians are relatively immobile species;

therefore, widespread patches representing a variety of habitat types across the region

may be important for sustaining local populations. In addition, maintaining landscape
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configurations with minimal edge per unit area and mature forest composition may

enhance abundances of certain amphibian.

Future research should focus on manipulative studies at the landscape scale,

which could coincide with various management strategies used in timber harvest. These

studies could involve manipulating overstory cover, patch age, coarse woody debris, and

tree composition at the landscape scale to better understand the role these habitat

features play in affecting small mammal and amphibian abundances.
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CHAPTER 3

ASSOCIATIONS BETWEEN SMALL MAMMAL AND AMPHIBIAN
ABUNDANCES AND MICROIIABITAT FEATuRES IN TILE CENTRAL

OREGON COAST RANGE

ABSTRACT

Occurrences of small mammals and amphibians have been associated with a

variety of microhabitat features. I investigated the relationship between 6 microhabitat

variables (conifer basal area, hardwood basal area, distance to water, volumes of coarse

woody debris, litter depth, and distance to edge) and capture rates of small mammals and

amphibians. I located trap stations (n = 1029) in 30 250- to 300-ha landscapes

containing 27 patch types. Landscapes were located in the Nestucca River, Drift, and

Lobster Creek basins in the central Oregon Coast Range.

Overall, associations between captures of small mammals and amphibians and

microhabitat features were species specific. Captures rates for 4 of 9 amphibians and 5

of 14 small mammals were positively associated with increasing levels of conifer or

hardwood basal area or both. Capture rates for 2 of the 14 small mammal species

captured were positively associated with volumes of coarse woody debris, and none of

the amphibian species sampled were positively associated with coarse woody debris.

Maintaining large conifer and hardwood trees may important for several species of small

mammals and amphibians in the central Oregon Coast Range. The associations I found

could be useful for land managers when evaluating land management alternatives.
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INTRODUCTION

Forest managers and the general public want healthy forest ecosystems, but

identifying the components that contribute to a functional ecosystem is difficult.

Microhabitat characteristics are integral components of forest ecosystems that are often

overlooked in favor of macrohabitat features such as stand structure and composition.

Microhabitat features can directly or indirectly affect small mammal and amphibian

abundances by providing shelter from micro- and macro-climatic conditions, shelter from

predators, food, water, and breeding habitat.

Streams and riparian areas provide critical habitat for small mammals and

amphibians in a variety of landscapes (Geier and Best 1980, Cross 1985, Anthony et al.

1987, Doyle 1990, Gomez 1992, McComb et al. 1993, Gomez and Anthony 1996). Steep

slopes in the central Oregon Coast Range result in distinct, linear riparian areas

surrounding the streams. This allowed me to use the distance to water from each

trapping station as relative measure of riparian versus upland habitat selection for each

species. A species associated with riparian habitat should be negatively associated with

the distance to water and, conversely, upland associates would be expected to be

positively associated with the distance to water. Additionally, assessing the average

distances from water to capture locations may be useful for evaluating riparian buffer

width recommendations for riparian associated species.

Coarse woody debris has been associated with occurrence of insects, hypogeous

fungi, bacteria, vegetation, small mammals, and amphibians (Amaranthus et al. 1994,

49



50

Lee 1995, Carey and Johnson 1995, Hagan and Grove 1999). Coarse woody debris is

defined as fallen trees and limbs> 10 cm in diameter and longer than I m on the forest

floor (Harmon and Hua 1991). It can persist for centuries (McFee and Stone 1966,

Triska and Cromack 1980, Spies et al. 1988) making it a potentially long-term habitat

component for a variety of forest vertebrates. Relatively little information has been

collected on associations between terrestrial vertebrates and coarse woody debris in

upland habitats. California red-backed voles (Clethrionomys ca1fornicus) in northern

California and western Oregon have been associated with increasing levels of coarse

woody debris (Hayes and Cross 1987, Tallmon and Mills 1994, Rosenberg et al. 1994).

My goal was to identify associations between coarse woody debris and terrestrial

vertebrates across multiple patch types covering many different forested stands.

The litter layer is the relatively soft rotting organic matter accumulating on the

soil surface. In the central Oregon Coast Range, the litter layer is a deep black color, and

consists of leaves, herbaceous vegetation, and decayed downwood. It is a nutrient-rich

layer high in insect and bacterial activity. Litter layers have been associated with

increased levels of insects, hypogeous fungi, bacteria, vegetation, small mammals, and

amphibians (Pough et al. 1987, DeGraaf and Rudis 1990, Carey and Johnson 1995).

Relatively little information has been collected on associations between terrestrial

vertebrates and litter layer depths. Pough et al. (1987) and DeGraaf and Rudis (1990)

found correlations between litter depth and amphibian abundances in New England. My

goal was to test associations between capture rates of small mammals and amphibians

and litter layer depths across multiple patch types.
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Several studies have assessed both positive and negative effects of forest edge on

small mammals (Yahner 1991, Robinson Ct al. 1992, Mills 1995), however little

information is available on the effects of forest edge on amphibians. Differences in

abiotic factors such as sunlight, wind, and microclimatic conditions along with biotic

factors such as availability of food, predators, prey, and habitat features have been cited

as having potential influences on vertebrate abundances near habitat edges (Wilcove

1987, Morrison et al. 1992). Generally, an edge occurs where 2 habitats that differ in

suitability for a particular species adjoin each other. Edge was defined as the interface

between 2 patch types that are biologically significant. Humans may perceive edges

differently than small mammals and amphibians, thus I used patch selection by each

species (see chapter 2) to identify biologically meaningful edges. I assessed the potential

impact of edges on small mammals and amphibians by assessing associations between

capture rates of a particular species at a trapping station and the distance from the

trapping station to the nearest edge.

In the Pacific Northwest, several species of small mammals and amphibians have

been associated with conifer old-growth or mature forest habitat (Brown 1985, Gomez

1992, Gomez and Anthony 1996), many species also have been associated with young

forests or grass/shrub habitat (Brown 1985, Morrison and Anthony 1989). As conifer

forests progress from grass/shrub to old-growth forest, conifer basal area increases. I

used conifer basal area at individual trapping stations to assess associations between

species abundance and station level conifer cover. For a grass/shrub, hardwood, or young

forest associate, I would expect a negative association between capture rates of selected



52

species and conifer dominance. For a conifer associate I would expect a positive

association between conifer basal area and capture rates.

Hardwood habitat has been associated with several species of small mammals and

amphibians in western Oregon (Brown 1985, McComb et al. 1993). I used correlations

between hardwood basal area and capture rates at the trapping station to determine which

species were either associated with hardwood habitat or associated with grass/shrub,

young forest, or conifer habitat. A species that was negatively associated with both

conifer basal area and hardwood basal area would be considered an early seral associate.

In contrast, a species positively associated with hardwood and conifer basal area would

be considered a late seral conifer and hardwood forest associate.

In western Oregon, most small mammals and amphibians spend the majority of

their lives on the forest floor, which may make them particularly sensitive to alterations

of forest floor habitat features (i.e. microhabitat). My objective was to assess

associations between volumes of coarse woody debris, litter layer depth, conifer basal

area, hardwood basal area, distance to water, and distance to patch edge with small

mammal and amphibian capture rates. I sampled across a variety of landscapes

comprised of many different patch types in an effort to reduce patch or stand level

effects.

STUDY AREA

I sampled sites in the Nestucca River, Lobster Creek, and Drift Creek basins in

the central Oregon Coast Range. A stand replacement fire burned the entire study area in
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the mid-I 800s and the area was reforested through natural regeneration (Spies and Cline

1988). Forest managers have used a staggered distribution of 10- to 20-ha clearcuts over

the last 40 years which are interspersed with uncut forest areas of equal or larger size.

Landscapes which were once relatively homogenous in pattern have become increasingly

fragmented with a bimodal age distribution of< 40 years of age and 120-140 years of age

(Impara 1997). Mature forests contained isolated patches of old-growth (multistory

canopy, mean diameter breast height (dbh)> 81 cm). Land ownership is dominated by

public agencies including the USDA Forest Service, USD1 Bureau of Land Management,

and the Oregon Department of Forestry. A small portion of the total area sampled was in

private ownership, primarily industrial forest land dominated by younger forest stands (<

40 yrs).

Overstory vegetation is dominated by Douglas-fir (Pseudotsuga menziesii), with

lesser amounts of western hemlock (Tsuga hetrophylla), Sitka spruce (Picea sitchensis),

western red cedar (Thujaplicata), red alder (Alnus rubra), and bigleaf maple (Acer

macrophyllum). Understory vegetation is primarily composed of salmonberry (Rubus

spectabilis), salal (Gaultheria shallon), vine maple (Acer circinatum), sword fern

(Polystichum munitum) , devil's club (Oplopanax horridus), and thimblebeny (Rubus

parvflorus). The central Oregon Coast Range is characterized by cool, dry summers and

mild, wet winters receiving 170-300 cm of annual precipitation. Average temperatures

rarely rise above 27° C or drop below 0° C (Franklin and Dyrness 1973, Brown and

Curtis 1985).
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METHODS

Study Design

I selected 10 250- to 300-ha landscapes in each of 3 basins (Lobster Creek, Drift

Creek, Nestucca River) located in Benton, Tillamook, Yamhill, and Lincoln counties in

the central Oregon Coast Range (n = 30). Each landscape was traversed by a third- or

fourth-order stream and was composed of multiple patch types. Landscapes were

selected based on the percent of the landscape in mature forest (mean dbh> 53 cm)

condition (0, 20, 40, 60, 80 or 100 %) and the level (high or low) of mature forest

fragmentation. These sites were previously used by McGarigal and McComb (1995) to

assess relationships between avian abundances and landscape patterns.

Within each landscape, line transects were located at 400-rn intervals

perpendicular to each stream with pitfall trapping stations located at 200-rn intervals

along each transect. The first transect was randomly located within each landscape, with

subsequent transects located in reference to the first. This resulted in a 200 x 400-rn grid

pattern with 3 1-38 trapping stations in each site. A total of 1,029 trapping stations were

distributed across 30 landscapes, covering 27 patch types.

Small Mammal and Amphibian Trapping

At each trapping station, 1 pitfall trap was established in each cardinal direction

10 rn from the grid station center point (4 traps per station) (Bury and Corn 1987,

McComb et al. 1991). Pitfall traps were constructed from 2 #10 cans taped together with
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the top and bottom removed from the top can and the top removed from the bottom can.

A 0.9-kg margarine tub was placed inside the top of the trap to act as a funnel to prevent

small mammals and amphibians from escaping. Two holes approximately 4 mm in

diameter were drilled approximately 8 cm from the bottom of each trap to allow

drainage, yet retain water to facilitate amphibian survival. Traps were buried level or

slightly below ground level.

Traps were opened for 31 days in the Drift Creek sites during Apr-May 1995 and

31 days in the Nestucca River and Lobster Creek sites during Apr-May 1996. Traps were

checked every 2 weeks, amphibians were identified to species, measured from vent to

snout and released 10 m outside the trapping area. Dead amphibians and small

mammals were bagged, frozen and subsequently identified in the laboratory. Small

mammals were disseminated to several museums.

Microhabitat Sampling

Line intercept transects, 20 m in length, were established in each of the four

cardinal directions from the center point of each trapping station. Using calipers,

diameters of all coarse woody debris> 1 m in length and> 10 cm in diameter, and

stumps < 1.5 meters tall and diameters> 10 cm in diameter at the point of intercept were

measured. Species group (conifer, hardwood, or unknown), diameter(s) at the point of

intercept, relative age (more or less than six months old), and decay class were recorded.

Line intercept measurements of coarse woody debris were converted into volumes

(m3/ha; Harmon and Sexton 1996).
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Litter layer depths were measured at 11-rn and 20-rn intervals from the trap

station center point along each line transect. A trowel was used to dig a small hole and a

ruler was used to measure the depth of the dark humus soil layer (litter depth). The 8

litter depth measurements at each station were averaged to create a litter depth index for

each station.

Using GIS, I generated distances from each trapping station to open water and

from each trapping station to an edge between 2 biologically meaningful patches.

Patches were based on patch selection for each species (i.e. >, <, or = to expected; see

chapter 2). Open water was defmed as water that persisted all year, such as streams and

ponds. Since all of my sites were relatively steep water was easily delineated. In an

effort to delineate nparian habitat for species associated with water, I calculated mean

distance from capture sites to water.

Basal areas (m3/ha) were calculated using the diameters of all conifer and

hardwood trees >10 cm in diameter within a 50-rn radius around each trapping station.

Basal area data were previously collected and calculated by K. McGarigal (McGarigal

1993, McGarigal and MeComb 1995).

Statistical Analysis

Independent variables were the volume of coarse woody debris, litter layer depth,

conifer basal area, deciduous basal area, distance to water, and distance to patch edge for

each station. Correlation analysis was used to assess autocorrelation between all possible

pairs of independent variables. To assess microhabitat associations within patch types I
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calculated mean values and standard deviations for each microhabitat variable in each

patch type. Species specific capture rates (captures per 1,000 trap nights) of small

mammals and amphibians per station were dependent variables. Poisson, logistic, or

linear regression techniques were used to assess correlations between capture rates and

the independent variables at the station scale. The analytical method selected varied by

species, depending on the distribution of captures across stations. Species with < 150

captures had a bimodal distribution of capture rates and were analyzed using logistic

regression. Species with> 150 and <2,000 captures had a Poisson distribution of

capture rates and were analyzed using Poisson regression. I captured 8,109 Trowbridge's

shrews (Sorex trowbridgii) which displayed a normal distribution of capture rates.

Therefore, I used linear regression to analyze associations between capture rates of

Trowbridge's shrews and the station level explanatory variables. The individual trapping

station was used as the experimental unit for these analyses.

RESULTS

Microhabitat Variables

Correlation coefficients between the microhabitat variables were low (R2 0.17),

therefore, all 6 microhabitat variables were included in the analyses. Mean values and

standard deviations of the 6 microhabitat variables at individual trapping stations within

each patch type were calculated and revealed a high degree of within patch variability

(Table 3.1). Standard deviations were> 40 % of the mean for all variables sampled.



Table 3.1. Mean () and standard deviation (SD) of microhabitat variables in 11 different patch types in the central Oregon Coast
Range.

Patch Type (n)

Conifer Basal

Area (m2/ha)

Hardwood Basal

Area (m2/ha)

Coarse Woody

Debris (m3/ha * 106)

Distance to Water

(m)

Litter layer

Depth (mm)

Distance to Edge

(m)

SD SD SD SD SD SD

Brush Shrub (19) 0.00 0.00 0.00 0.00 1.96 1.34 121.46 74.61 4.38 3.18 64.90 25.18

ConiferClosedPole(156) 17.71 11.09 0.83 2.65 3.19 2.99 104.74 66.32 6.98 3.93 77.78 53.52

ConiferLargeSawtimber(216) 37.56 21.05 1.22 2.90 2.62 2.39 122.64 86.64 7.49 3.41 79.87 47.50

ConiferOpenPole(49) 5.35 3.97 0.74 4.60 2.84 1.78 98.33 67.05 6.18 3.13 65.52 48.97

ConiferOpenSapling(33) 1.94 3.48 0.12 0.70 2.54 2.11 113.14 77.11 6.51 3.60 60.42 37.62

Hardwood Large Sawtimber (24) 5.50 8.50 23.63 14.72 1.98 1.79 73.57 60.00 8.17 3.43 61.11 30.41

MixedClosedPole(54) 11.80 10.09 4.07 7.16 3.77 3.78 82.73 60.66 8.17 3,30 65.97 41.60

MixedGrassForb(38) 0.71 2.72 0.00 0.00 2.76 2.34 88.90 55.08 4.25 3.63 63.34 37.14

MixedLargeSawtimber(180) 19.41 17.11 13.24 20.59 1.71 1.56 78.58 67.31 7.81 3.41 79.21 60.12

MixedOpenPole(31) 5.81 6.48 1.16 3.33 2.24 1.97 88.82 75.73 4.14 3.37 55.70 37.58

Mixed Open Sapling (20) 1.75 4.20 1.10 2.77 1.95 1.67 112.28 68.85 5.40 4.11 70.97 51.07
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Decay classifications and diameter measurements were assessed for 11,926 pieces of

coarse woody debris intercepting line transects covering 82,400 m of forest floor. Litter

depths were measured at 8,232 points along the line transects. These transects were

distributed evenly among the 1,029 trapping stations.

Small Mammals

I captured 16,892 small mammals of 20 species. Fourteen species were captured

at frequencies high enough to be used in this analysis. Capture rates of California red-

backed voles and marsh shrews (Sorex benderii) were positively associated with coarse

woody debris, however capture rates of vagrant shrews (Sorex vagrans) and Pacific

jumping mice (Zapus trinotatus) were negatively associated with coarse woody debris

(Table 3.2). Pacific shrew capture rates were positively associated with litter depth, but

capture rates of fog shrews (Sorex sonomae) and Pacific jumping mice were negatively

associated with litter layer depth (Table 3.2). As distance to water decreased, capture

rates of deer mice (Peromyscus maniculatus; = 82 m; SD =68 m), white-footed voles

(Phenacomys albipes; x= 73 m; SD =72 m), marsh shrews (= 51 m; SD 59 m), fog

shrews (= 85 m; SD = 72 m), and Pacific jumping mice (= 65 m; SD = 62 m)

increased. Capture rates of deer mice and Pacific jumping mice were both negatively

correlated with the distance to a patch edge. California red-backed vole, red tree vole

(Phenacomys longicaudus), fog shrew, and Trowbridge's shrew capture rates were

associated with increasing conifer basal area, however capture rates of creeping voles

(Microtus oregoni), deer mice, white-footed voles, Pacific shrews (Sorexpaci/Icus),



Table 3.2. Drop in deviance or F-statistics and associated P-values for associations between small mammal abundances and
microhabitat characteristics at 1,029 trapping stations. Trapping occurred during Apr-May 1995-96 in the central Oregon Coast
Range.

A Analyses performed using Poisson regression

B Analyses performed using logistic regression

C Analyses performed using linear regression

D Coarse woody debris (CWD)

C

Species

Conifer Basal

Area

Hardwood

Basal Area

Distance to

water

Volumes of

CWD

Litter layer

depth

Distance to

edge

Calif. red-backed vole (Clethrionomys ca1fornicus)' 53.721<0.001+ 41.88/<0.001- 0.03/0.86 6.31/0.01+ 1.04/0.31 0.03/0.87

Creeping vole (Microtus oregoni)B 20.361<0.001- 0. 49/0 . 48 0.07/0.79 0.48/0.49 8.21/0.004- 0.21/0,65

Shrew-mole (Neurotrichus gibbsii)"' 0.09/0.76 1.67/0.20 0.09/0.76 0.43/0.5 1 1.95/0.16 3.41/0.07

Deer mouse (Peromyscus manicu1a1us)'' 36.18/<0.001- 12.72/<0.001- 12.96/<0.001- 0.88/0.35 2.26/0.13 6.56/0.01-

White-footed vole (Phenacomys alb,pes)B 6.06/0.01- 3.30/0.07 8.62/0.003- 0.41/0. 52 0.28/0.60 1.47/0.23

Red tree vole (Phenacomys longicaudus)B 15.59/<0.001+ 0.07/0. 79 1.90/0.17 1.95/0. 16 4.95/0.03+ 1.55/0.21

Coast mole (Scapanus orarius)B 2.59/0.11 4.16/0.04- 1.75/0.19 0.67/0.4 1 0.16/0.69 2.05/0. 15

Marsh shrew (Sorex be,,derii)& 0.53/0.47 2.05/0.15 Sl.30/<0.001- 4.17/0.04+ 0.11/0.75 0.53/0.47

Pacific shrew (S paccus)' 60.65/<0.001- 0.17/0.68 2.08/0.15 0.04/0.85 16.37/<0.001+ 2.42/0.12

Fog shrew (S. sonomae)' 8.77/0.003-+- 4.15/0.04+ 17.95/<0.001- 0,01/0.91 13.09/<0.001- 1.09/0.30

Trowbridge's shrew (S. trowbridgii)C 27.23/<0.001+ 15.87/<0.001+ 3.09/0.08 0.01/0.91 0.95/0.33 2.54/0.11

Vagrant shrew (S vagrans)" 38.63/<0.001- 5.2 1/0.02- 3.73/0.05+ 7.67/0.006- 2.05/0.15 0.44/0.51

Pocket gopher (Thomomys mazama)' 0.52/0.47 0.65/0.42 1.26/0.26 0.10/0.75 1. 91/0. 17 1.03/0.3 1

Pacific jumping mouse (Zapus frmnolatus)" 5.92/0.02- 28.921<0.001+ 56.10/<0.001- 11.71/<0.001- 21.81/<0.001- 3.71/0.05-
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vagrant shrews, and Pacific jumping mice were negatively correlated to the amount of

conifer basal area at the trapping station. Capture rates of fog shrews, Trowbridge's

shrews, and Pacific jumping mice were associated with increasing amounts of hardwood

basal area, but capture rates of California red-backed voles, deer mice, coast moles

(Scapanus orarius), and vagrant shrews were negatively correlated with hardwood basal

area. Shrew mole (Neurotrichus gibbsii) and pocket gopher (Thomomys ma_-ama)

capture rates were not associated with any of the microhabitat characteristics included in

this analysis (Table 3.2). Long-tailed voles (Microtus longcaudus), Townsend's voles

(Microtus townsendii), ermine (Musela erminea), Townsend's moles (Scapanus

townsendu), brush rabbits (Syivilagus bachamani), and Townsend's chipmunk (Tamius

townsendii) were captured too infrequently to be included in this analysis.

Amphibians

I captured a total of 1,369 amphibians (11 species). Clouded salamanders

(Aneidesferreus) and Pacific tree frogs (Pseudacris regilla) were captured infrequently

and were not used in this analysis. Capture rates of northwestern salamanders

(Ambystoma gracile), Oregon salamanders (Ensantina eschscholtii), Dunn's

salamanders (Plethodon dunni), and western red-backed salamanders (Plethodon

vehiculum) were all negatively associated with the amount of coarse woody debris at a

station (Table 3.3). Capture rates of southern torrent salamanders (Rhyacotriton

variegatus) were positively associated with litter layer depth, but capture rates of

roughskin newts (Taricha granulosa) were negatively associated with litter layer depth.



Table 3.3. Drop in deviance or F-statistics and P-values for associations between amphibian abundances and microhabitat
characteristics at 1,029 trapping stations. Trapping occurred during Apr-May 1995-96 in the central Oregon Coast Range.

A Analyses performed using Poisson regression

Analyses performed using logistic regression

C Analyses performed using linear regression

D Coarse woody debris (CWD)

Species

Conifer Basal

Area

Hardwood

Basal Area

Distance to

Water

Volumes of

CwD'

Litter Layer

Depth

Distance

to Edge

Northwestern salamander (Ambystoma gracile)B 0.01/0.92 0.01/0.92 4.23/0.04+ 978/0.002- 0.19/0.66 0.16/0.69

Tailed frog (Ascaphus fruei)A 13.321<0.001+ 12.47/<0.001+ 6.26/0.01- 0.01/0.94 1.15/0.28 1. 83/0. 18

Pacific giant salamander (Dicamptodon tenebrosus)5 7.48/0.01+ 1,44/0.23 1.29/0.26 0.02/0.89 1.78/0.18 0.08/0.78

Oregon salamander (Ensantina eschscholtzii)A 3 .39/0.07 0.27/0.60 0.86/0.35 4.0 1/0.05- 0.01/0.92 1.30/0.25

Dunn's salamander (Pleihodon dunni)B 0.32/0.57 0.79/0.37 0.15/0.70 6.79/0.009- 0.0 1/0.92 2.42/0.12

Western red-backed salamander (P. vehicuIum)' 19.86/<0.001+ 0.07/0.80 0.36/0.5 5 5.77/0.02- 2. 13/0. 15 0.01/0.97

Red-legged frog (Rana aurora)B 1.09/0.30 0.12/0.73 2.03/0.15 0.03/0.86 2.60/0.11 0.05/0.82

S. torrent salamander (Rhyacotriton variegatus)B 13.04/<0.001+ 2.29/0.13 3.64/0.06 0.03/0.86 3.48/0.06 1.89/0.17

Roughskin newt (Taricha granulosa)A 0.03/0.86 2.95/0.09 11.861<0.001- 0.3 0/0.59 12.57/<0.0tH- 2.17/0.14
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Capture rates of northwestern salamanders were positively associated with the distance

to water. As distance to water decreased, capture rates of tailed frogs (Ascaphus rruei; '

= 86 m; SD = 71 m) and roughskin newts (= 74 m; SD =78 m) increased. None of

the amphibian species sampled were associated with the distance to a patch edge.

Capture rates of tailed frogs, Pacific giant salamanders (Dicamptodon tenebrosus),

western red-backed salamanders, and southern torrent salamanders were associated with

increasing values of conifer basal area. Tailed frogs capture rates were positively

associated with amount of hardwood at a trapping station. Red-legged (Rana aurora)

frogs were not associated with any of the microhabitat characteristics sampled.

DISCUSSION

Ecosystem management is based on the premise of managing systems spatially

and temporally for a variety of species which select a wide spectrum of habitats. To be

consistent with the ecosystem approach I discuss each of the 6 microhabitat features I

sampled and how these features are associated with the species I collected.

Because of the wide variety of seral patch types were sampled (grass/shrub

through old-growth), basal area associations are an indicator of species either associated

with larger, older trees in a late seral stage (positive association) or with early seral

habitat (negative association). Capture rates of deer mice and vagrant shrews were

negatively associated with both hardwood and conifer basal area, indicating they were

associated with early seral stages of forests. My results are consistent with earlier

studies which characterized deer mice as a grass/shrub associated species (Brown 1985,
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Morrison and Anthony 1989) and vagrant shrews as a grass associated species (Morrison

and Anthony 1989). Gomez (1992) also found both of these species negatively

associated with conifer basal area.

We interpreted the positive association between conifer and hardwood basal area

with Trowbridge's shrews, and tailed frogs to mean these species increase in abundance

as trees increase in size. Consistent with my results, McComb et al. (1993) found

Trowbridge's shrews negatively associated with grass/shrub habitat and Brown (1985)

classified their primary habitat as large deciduous and conifer forests. Other researchers

in western Oregon have found tailed frogs associated with large sawtimber patch types

(Gomez 1992, Corn and Bury 1989) and Welsh (1990) reported significantly more

captures of tailed frogs in older forested sites in northwestern California and

southwestern Oregon. My results on tailed frogs may differ with Brown's (1985)

classification of tailed frogs as a forest generalist.

My findings of a positive association between conifer basal area and capture

rates of red tree voles, Pacific giant salamanders, western red-backed salamanders, and

southern torrent salamanders agrees with Brown's (1985) classification for all species

except western red-backed salarnanders. Brown (1985) classified all seral stages of

forest habitat as primary habitat for western red-backed salamanders. Welsh and Lind

(1996) in northwestern California and southwestern Oregon, also found southern torrent

salamanders correlated with late seral conifer forests. My results on red tree voles are

consistent with Corn and Bury (1986) and Gomez (1992) in western Oregon and
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Meiselman and Doyle (1996) in northern California who found captures of red tree

voles associated with late seral conifer forests.

I interpret the negative association with conifer basal area and capture rates of

creeping voles, white-footed voles, and Pacific shrews indicative of these species being

associated with early seral stages of forest succession or deciduous cover. Brown

(1985) also classified shrubs as primary habitat for Pacific shrews, and grass/shrub, and

open sapling pole as primary habitat of creeping voles. In contrast with Brown (1985),

who classified late seral conifer habitat as primary habitat for white-footed voles, I

found capture rates of white footed voles negatively associated with conifer basal area.

Gomez (1992) associated white-footed vole abundance with deciduous riparian habitat.

I interpreted the contrasting relationship between increasing levels of conifer

basal area and decreasing levels of deciduous basal area and captures California red-

backed vole abundances to suggest that California red-backed vole habitat is best

defined by the presence of conifers and the absence of deciduous trees. My findings are

consistent with previous trapping studies in western Oregon (Rosenberg et al. 1994,

Gomez 1992). California red-backed voles feed heavily on hypogeous sporocarps (i.e.

truffles; Maser et al. 1978, Ure and Maser 1982, Mills 1995) and have been captured at

higher rates in areas with high truffle abundance (Clarkson and Mills 1994). Late seral,

conifer forests have been associated with increased levels of truffles (Clarkson and

Mills 1994, Amaranthus et al. 1994), which may be an important factor in explaining

the association between capture rates of California red-backed voles and conifer basal

area.
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In contrast to California red-backed voles, I found capture rates of Pacific

jumping mice were positively associated with hardwood basal area, but negatively

associated with conifer basal area. McComb et al. (1993) and Maser et al. (1981) found

Pacific jumping mice most abundant in grass/shrub and early seral habitat. However,

none of these researchers sampled deciduous habitat.

Consistent with my results on distance to water, Brown (1985) classified deer

mice, white-footed voles, marsh shrews, Pacific jumping mice, tailed frogs, and

roughskin newts as riparian associates. Gomez and Anthony (1996) also found tailed

frogs, and roughskin newts associated with riparian areas, while Gomez (1992) reported

associations between riparian habitat and captures of marsh shrews and white-footed

voles. In the central Oregon Coast Range, McComb et al. (1993) also caught higher

numbers of marsh shrews, Pacific jumping mice, and white-footed voles in riparian

areas than upslope habitat. Similarly, deer mice and Pacific jumping mice have been

associated with riparian habitats in the central Cascade Range of Oregon (Doyle 1990).

Inconsistent with Brown (1985), I found higher vagrant shrew capture rates at the

distance from water increased and would characterize this species as an upland

associate.

Associations between capture rates and distance from a trapping station to an

edge was a weak predictor of species abundance for 21 of the 23 species sampled. This

may be indicative of no edge effect for these species or an association with edges that I

was unable to detect. Abundances of deer mice and Pacific jumping mice were

positively associated with edges. Brown (1985) classified deer mice as an edge
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associated species, however there is a lack of empincal data on the effect of edges on

small mammals.

Researchers have hypothesized about the importance of litter layer depths for

small mammals, particularly shrews which burrow and forage for insects in the litter

layer (Maser and Hooven 1974, Terry 1981). Of the 5 shrew species I sampled, only

capture rates of Pacific shrews were associated with a deep litter layer. In contrast, Fog

shrew capture rates were negatively associated with litter layer depth. Species with life

history traits that are associated with early seral stages may be negatively associated

with litter depth, since I found reduced litter depths in early seral forest types (Table

3.1). Creeping voles, Pacific jumping mice, and roughskin newts were negatively

associated with litter layer depths, which may be consistent since all of these species are

associated with early seral habitat (Brown 1985).

Recently, there has been an interest in assessing associations between levels of

coarse woody debris and small mammal and amphibian abundances in forested

landscapes. Consistent with my findings several researchers (Hayes et at. 1986, Doyle

1987, Hayes and Cross 1987, Rosenberg et al. 1994, Tallmon and Mills 1994) have

documented a close association between California red-backed voles and coarse woody

debris. Brown (1985) classified down woody debris as an important habitat feature for

California red-backed voles and marsh shrews consistent with my observations.

Clarkson and Mills (1994) and Mills (1995) found an association between California

red-backed voles and truffle abundances, which have been correlated with coarse woody

debris (Clarkson and Mills 1994, Amaranthus et at. 1994). Similar to other studies
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(Brown 1985, Morrison and Anthony 1989, Gomez 1992) capture rates of vagrant

shrews were higher at stations with reduced volumes of coarse woody debris. Brown

(1985) classified coarse woody debris as a secondary habitat feature for Pacific jumping

mice, and I found capture rates of Pacific jumping mice negatively associated with

coarse woody debris. Unlike Brown (1985), I found northwestern salamander, Oregon

salamander, and western red-backed salamander capture rates negatively correlated with

volumes of coarse woody debris. A possible explanation for discrepancies between my

data and previous research may be the time of year sampling occurred. I sampled during

the latter part of the rainy season when cool, moist microclimatic conditions may be less

important for terrestrial vertebrates than in late summer when climatic conditions tend

to be hot and dry.

I trapped small mammals and amphibians in a variety of patch types, across 30

different landscapes, covering over 8,000 ha, resulting in relatively large sample sizes.

My results are indicative of species specific responses to a variety of microhabitat

features. Capture rates for 20 of the 23 species sampled were correlated to

microhabitat feature. My results are correlative and do not imply cause and effect

relationships. Furthermore, my scope of inference is limited to the central Oregon Coast

Range and the time of year sampling occurred.

Ecosystem managers in western Oregon need to be aware of the impact

landscape and patch level management objectives may have on microhabitat

characteristics. Species respond to a variety of habitat characteristics at a variety of



scales. The results presented in this paper emphasize the importance of microhabitat

characteristics for less mobile organisms.

MANAGEMENT IMPLICATIONS

Managing forested landscapes for a variety of tree age classes, particularly late

seral stages may be important to maintain species richness in the central Oregon Coast

Range. Habitat patches containing large hardwood trees may be particularly important

for 4 of the 23 species I sampled. Maintaining patches with large conifer trees may be

important for 8 species, including red tree voles, California red-backed voles, and

southern torrent salamanders.

Although I did not specifically sample riparian habitat, 7 of the 23 species I

captured were associated with the distance from a trapping station to water. Assuming

these species are correlated with riparian habitat features, it may be important to provide

special protection to these areas. The average distance from water for the species I

captured ranged from 51- to 86-rn (SD = 59- to 79-rn), which may be useful in

determining buffer widths around streams in the Oregon Coast Range.
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CHAPTER 4

SYNTHESIS

One of the goals of ecosystem management is to integrate management of many

species and processes across a variety of temporal and spatial scales. This idea may be a

useful approach for land managers in the Pacific Northwest where natural disturbances

and management practices have resulted in widespread conversion of old and mature

forests to younger forests. Habitat associations of small mammals and amphibians in

western Oregon are complex and appear to be acting at multiple scales (Table 4.1, 4.2).

Accurately assessing the important component(s) of each scale for each species is the

ultimate goal of assessing important habitat features. Forest ecosystems in western

Oregon are highly dynamic, varying through time and space, making this goal difficult to

obtain. I assessed several habitat features at the station patch, and landscape scales in an

effort to better understand the important components of forested ecosystems in the

central Oregon Coast Range. However, my sampling and conclusions are limited to the

time of year sampling occurred (Spring) and to the particular area sampled (Nestucca

River, Lobster Creek, and Drift Creek basins).

Because my study design was based on the composition and pattern of mature

forest, I only assessed habitat associations for 5 amphibian species at the microhabitat,

patch, and landscape scale. All 5 amphibian species were associated with conifer and

mixed large sawtimber patch types and the composition of large sawtimber patch types at

the landscape scale (Table 4.1). Four of the 5 amphibian species were associated with
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A Only calculated for species associated with conifer and mixed large sawtimber patch
types.

B Core area of all patch types on a landscape.
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Table 4.1. Habitat features positively associated with capture rates of amphibians at
multiple scales. Amphibians were trapped using pitfall traps in the central Oregon Coast
Range during April-May, 1995-96.

Species Microhabitat
Features

Patch Types Landscape
CharacteristicsA

Northwestern salamander
(Ambystoma gracile)

None Conifer Large Sawtimber,
Mixed Large Sawtimber

Mature Forest Area

Tailed frog (Ascaphus
truei)

Conifer and
Hardwood Basal

Conifer Large Sawtimber,
Mixed Large Sawtimber

Mature Forest Area

Area, Water

Pacific giant salamander
(Dicamptodon lenebrosus)

Conifer Basal Area, Conifer Large Sawtimber,
Mixed Large Sawtimber

Mature Forest Area,
Total Core AreaB

Oregon salamander None Mixed Open Pole
(Ensantina eschscho/tzii)

Dunn's salamander None Mixed Large Sawtimber
(Plethodon dunni)

Western red-backed
salamander (P. vehiculum)

Conifer Basal Area Conifer Large Sawtimber,
Mixed Large Sawtimber

Mature Forest Area

Red-legged frog (Rana
aurora)

None Mixed Large Sawtimber

S. torrent salamander
(Rhyacolri ton variegatus)

Conifer Basal Area Conifer Large Sawtimber,
Mixed Large Sawtimber

Mature Forest Area,
Total Core AreaB

Roughskin newt (Taricha
granulosa)

Water Mixed Large Sawtimber,
Mixed Open Pole



Table 4.2. Habitat features positively associated
multiple scales. Small mammals were trapped u
Coast Range during April-May, 1995-96.

Creeping vole (Microtus
oregoni)

Shrew-mole (Neurotrichus
gibbsii)

Deer mouse (Peromyscus
maniculatus)

White-footed vole
(Phenacomys albipes)

Red tree vole (Phenacomys
longicaudus)

None

None

Water, Edge

Water

Conifer Basal Area,
Lifter Depth

with capture rates of small mammals at
sing pitfall traps in the central Oregon

Mixed Grass Forb

Mixed Large Sawtimber, Mixed Open
Sapling

Mixed Grass Forb, Mixed Open Pole,
Brush-Shrub

Mixed Closed Pole, Mixed Open
Sapling/Pole

Conifer Large Sawtimber
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Species Station Level Habitat Patch Level Habitat Associations
Associations

Calif red-backed vole Coarse Woody Debris, Conifer Large Sawtimber, Conifer Open
(Clethrionomys cahjornicus) Conifer Basal Area Sapling

Coast mole (Scapanus None Conifer Large Sawtimber, Mixed Closed
orarius) Pole

Pocket gopher (Thomomys None Mixed Grass Forb
mazama)

Pacific jumping mouse Hardwood Basal Area, Hardwood and Mixed Large Sawtimber,
(Zapus trinotatus) Water, Edge Mixed Grass Forb, Brush-Shrub

Marsh shrew (Sorex Water, Coarse Woody Hardwood and Mixed Large Sawtimber
benderii) Debris

Pacific shrew (S pacicus) Litter Depth Hardwood and Mixed Large Sawtimber,
Mixed Closed Pole, Brush-Shrub

Fog shrew (S. sonomae) Conifer and Hardwood Conifer Open Pole, Mixed Large Sawtimber
Basal Area, Water

Trowbridge' s shrew (S. Conifer and Hardwood Mixed Large Sawtiniber
trowbridgii) Basal Area

Vagrant shrew (S. vagrans) None Hardwood and Mixed Large Sawtimber,
Mixed Grass Forb, Brush-Shrub
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conifer basal area at the station scale, indicative of a strong association with large conifer

trees at all 3 scales (Table 4.1). Surprisingly, northwestern salamanders (Ambystoma

gracile) were not associated with any of the microhabitat variables sampled. Unlike the

other mature forest associates, distribution of northwestern salamanders may be

associated with habitat features at larger scales (i.e. patch and landscape).

Tailed frogs (Ascaphus truel), were uniquely associated with hardwood and water

at the station scale, along with mature forest at the patch and landscape scales. This may

be indicative of a species which requires large hardwood and conifer trees or a mixture

of hardwood and conifer trees in nparian areas.

Southern torrent salamanders (Rhyacotriton variegatus) and Pacific giant

salamanders (Dicamptodon tenebrosus) were associated with mature forest patch types,

mature forest composition at the landscape scale, and conifer basal area at the station

scale. In addition, these species also were associated with total core area of all patch

types on the landscape. This is indicative of interior-associated species, which may

require special management considerations, such as large, contiguous patches, and

landscapes with low edge densities.

Habitat associations of 4 amphibian and 14 small mammal species were analyzed

at the station and patch scales (Table 4.2). California red-backed voles (Clethrionomys

calfornicus), and red tree voles (Phenacomys longicaudus) were associated with conifer

basal area at the station scale and conifer large sawtimber patch types. These species

may be habitat specialists focusing on conifer large sawtimber. For the remaining 16
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species, there does not appear to be a pattern between station and patch scale habitat

associations (Table 4.1, 4.2).

Future research activities in western Oregon should focus on adaptive

management approaches to testing associations between vertebrate occurrences and

habitat features at multiple scales. Unlike my study which was correlative, the ultimate

goal of this approach would be to determine cause and effect relationships.
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