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To effectively manage for biodiversity at broad, ecosystem scales, the

influences of habitat structure at multiple spatial scales on vertebrate species must be

understood. There are few studies on the broad-scale habitat requirements of stream

amphibians despite their importance in streams in forest ecosystems in the Pacific

Northwest (PNW) as predators and prey, and potentially as indicators of ecosystem

health. In particular, studies on the influence of forest structure at landscape scales on

stream amphibians are lacking.

I examined stream amphibian-habitat relationships for Pacific giant

salamanders (Dicamptodon tenebrosus), larval and metamorphosed tailed frogs

(Ascaphus truei), and torrent salamanders (Rhyacotriton spp.) at four spatial scales

(2-rn sample unit, intermediate, sub-drainage, and drainage). Over two field seasons

(1998 and 1999), I captured 1,568 amphibians in 702 sample units in 16 randomly

chosen drainages in the Oregon Coast Range. I used an information theoretic

approach of analysis to rank sets of a priori candidate models that described habitat

relationships at each spatial scale. At the 2-rn sample unit scale, all species of interest



were negatively associated with fine sediments and were positively associated with

either stream width or elevation. At the intermediate spatial scale, Pacific giant

salamanders, metamorphosed tailed frogs, and torrent salamanders were positively

associated with the presence of a 150-ft. forested band on each side of the stream, and

larval tailed frogs were positively associated with the presence of forest >105 years old

on at least one side of the stream. At the sub-drainage and drainage scales, all species

were positively associated with the proportion of stream length in a sub-drainage or

drainage with a 150-ft. forested band on each side of the stream. Heat load index

(aspect) was also important for Pacific giant salamanders and larval tailed frogs at the

intermediate and sub-drainage scales. Results at all spatial scales suggest that Pacific

giant salamanders and larval tailed frogs occur lower in the drainage network, and

metamorphosed tailed frogs and torrent salamanders occur higher in the drainage

network.

This study demonstrates the importance of examining headwater stream

amphibian habitat at multiple spatial scales, provides insights on linkages between

amphibian responses across spatial scales, and shows that broad-scale variables (e.g.,

the presence of forested bands or the percentage of stream length with forested bands)

can be used to assess management approaches for stream amphibian communities.

Geophysical characteristics such as stream aspect may also help identify areas that

should not be harvested if protection of amphibian habitat is an objective.
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THE INFLUENCE OF FOREST MANAGEMENT ON HEAD WATER

STREAM AMPHIBIANS AT MULTIPLE SPATIAL SCALES

INTRODUCTION

In the Pacific Northwest (PNW), the dominant paradigm of management of

natural resources on public lands has shifted from a species- to an ecosystem-based

strategy that is founded on the principles of ecosystem management (USDA and USD1

1994). A primary goal of ecosystem management is to maintain native ecosystem

integrity over the long term while also considering sociopolitical values (Grumbine

1994). To protect ecological (or ecosystem) integrity, biological and physical

structures and processes of whole ecosystems (such as drainages) must be considered

(Hunter 1999). In the PNW, the structure of forest systems has most noticeably been

altered through timber harvest, resulting in a mosaic of forest age classes throughout

the landscape. The extent to which this alteration in forest structure has affected

wildlife habitat structure, ecological processes, and species that depend on these

processes must be understood to manage effectively for biodiversity at broad,

ecosystem scales.

In the past, most ecological studies have focused on habitat relationships of

single species, usually measured at relatively fine spatial scales. However, single-scale

approaches may be inadequate because organisms perceive and select habitat in a

hierarchical way (Kotliar and Wiens 1990). For example, an individual may select

foraging habitat at a fine spatial scale, while mate selection occurs over a broader
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spatial scale (Bissonette et al. 1997). Also, whereas life history requirements of

individuals may be met by factors measured at fine spatial scales, persistence of

populations may be controlled by factors measured over broad spatial scales (Weins

1989). Habitat quality in areas separating subpopulations of a metapopulation, for

example, is important in determining whether or not local extinctions occur and the

likelihood of colonization of habitat patches (McCullough 1996, Weins 1996).

Responses of individuals or populations at different spatial scales may also vary

depending on their resource exploitation strategy. Specialists may select very specific

habitat at fine spatial scales, whereas generalists are able to exploit a wider variety of

resources over broader spatial scales (Morris 1987). To understand fully how a species

responds to habitat structure, study of habitat relationships over several spatial scales is

necessary.

Despite the recent emphasis on managing for biodiversity at broad spatial

scales, few studies have examined broad- or cross-scale wildlife habitat relationships.

In the PNW, most of these studies have focused on use of terrestrial habitats by

vertebrates such as the northern spotted owl (Strix occidentalis caurina)(Carey et al.

1990, Carey et al. 1992), resident and neotropical migrant birds (McGarigal and

McComb 1995), and small mammal and amphibian communities (Martin 1998). These

studies have shown that habitat relationships differ at different spatial scales,

supporting the perspective that single-scale approaches to describing habitat

requirements for wildlife species are inadequate.

There are few studies of broad-scale habitat requirements of aquatic vertebrates

such as stream amphibians, despite the importance of amphibians in forest and stream
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systems in the PNW. Stream amphibians comprise the highest vertebrate biomass and

density in headwater systems in the Oregon Coast Range and are integral to trophic

dynamics both as predators and prey (Bury 1988, Bury and Corn 1 988b, Corn and

Bury 1989). Stream-associated amphibians also may act as indicators of ecosystem

health due to their unique life history and habitat requirements. They deposit eggs in

streams, have aquatic larvae that respire through gills, require clear, clean water, and

have semi- or fully terrestrial life stages (Nussbaum et al. 1983). Consequently,

disturbance events such as logging that alter instream, riparian, and/or upsiope habitat

can impact amphibian populations by disturbing various life stages and functions (e.g.,

reproduction, foraging, dispersal). Information is currently lacking on how and if

habitat structure in managed forests in the PNW, and particularly in the Oregon Coast

Range, affects stream amphibian populations across the range of habitats that they use.

Habitat relationships of headwater stream amphibians have been well studied at

fine (stream reach) and intermediate (forest stand) scales in the PNW (Murphy and

Hall 1981, Murphy et al. 1981, Bury and Corn 1988a, b, Corn and Bury 1989, Kelsey

1995, Bull and Carter 1996). At fine spatial scales, headwater stream amphibianshave

been associated with low stream temperatures and low levels of sedimentation (Corn

and Bury 1989, Kelsey 1995, Diller and Wallace 1999, Dupuis and Steventon 1999).

At intermediate spatial scales, questions have related primarily to the influence of

forest stand age around a stream on amphibians. Occurrence or abundance of stream

amphibians has generally been positively associated with presence of old forests

around streams (Bury and Corn 1988b, Corn and Bury 1989, Welsh 1990, Good and

Wake 1992, Welsh and Lind 1996), although stand age was not an important predictor
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of stream amphibian response in some studies or was negatively associated with

amphibian presence (Diller and Wallace 1996, 1999).

At broad spatial scales, amphibian responses to geophysical characteristics such

as lithology and aspect have been investigated (Diller and Wallace 1996, 1999, Welsh

and Lind 1996, Dupuis et al. 2000, Wilkins and Peterson 2000, Adams and Bury 2001,

Sutherland and Bunnell 2001), but few of these studies also have examined the

influence of landscape structure. Wilkins and Peterson (2000) studied headwater

amphibian habitat relationships only in 50-60 year-old forests and postulated that

landform characteristics might override the influence of other habitat characteristics in

determining amphibian abundance or occurrence. However, other studies have found

amphibian occurrence is related to the amount of large conifers (Welsh and Lind 1996)

or the distance to unharvested forest (Hunter 1998). Both geophysical characteristics

and variables describing habitat structure appear to be important in determining

amphibian habitat relationships at broad spatial scales and may interact to influence

habitat suitability at finer spatial scales.

Quantifying relationships at different spatial scales can clarify how and if

habitat at one spatial scale affects habitat at another spatial scale (Bissonette 1997).

For example, at broad spatial scales, removal of riparian and upslope vegetation and

soil disturbance through harvesting and road building activities may negatively impact

stream amphibians at fine spatial scales by increasing water and sediment inputs into

streams (Bormann and Likens 1979), increasing water temperatures (Brown and

Krygier 1970, Beschta et al. 1987), and reducing allochthonous inputs, thereby

affecting energy production and trophic dynamics (Gregory et al. 1991). Once the
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linkages between habitat structure and constraints at different scales are identified, a

clearer picture of stream amphibian ecology will emerge and more appropriate

management techniques can be applied.

Four species of amphibians are typically associated with headwaters (1st 3rd

order streams) in the Oregon Coast Range: Pacific giant salamanders (Dicamptodon

tenebrosus), tailed frogs (Ascaphus truei), southern torrent salamanders (Rhyacotriton

variegatus), and Columbia torrent salarnanders (R. kezeri). All species occur

throughout the Oregon Coast Range. Populations of Columbia torrent salamanders and

southern torrent salamanders are geographically separated by the Little Nestucca River,

but have similar habitat requirements (Good and Wake 1992, Welsh and Lind 1996,

Wilkins and Peterson 2000). Tailed frogs, southern torrent salamanders, and Columbia

torrent salamanders are considered to be sensitive in Oregon (Oregon Department of

Fish and Wildlife 2001). This status may be due to the lack of protection of key habitat

in small, intermittent streams where these species most often occur (Nussbaum and

Tait 1977, Good and Wake 1992). Pacific giant salamanders often occur in headwater

streams, although they are found throughout the stream network (Nussbaum et al.

1983).

The purpose of this study is to assess relationships between the occurrence of

headwater stream amphibians (Pacific giant salamanders, adult and larval tailed frogs,

and southern torrent and Columbia torrent salamanders) and habitat characteristics

measured at four spatial scales (2-rn sample unit, forest stand, sub-drainage, and

drainage). Specifically, the goals of the study are to: 1) identify and rank the

importance of habitat characteristics (biotic and abiotic) in predicting amphibian
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occurrence at fine spatial scales; 2) identify and rank the importance of geophysical

and management-related characteristics in predicting amphibian occurrence at three

broader spatial scales; 3) examine patterns across scales; and 4) identify and rank

habitat models at each spatial scale that could be used to develop riparian and upslope

management strategies that maintain adequate habitat for stream amphibians.



METHODS

Study Area

This study was conducted primarily on lands administered by the Bureau of

Land Management (BLM) on the east side of the Oregon Coast Range between the

Nestucca (N45° 17') and Siuslaw (N° 53') Rivers (Figure 1, Appendix A). Study

sites were located in the Coast Range and South Valley Resource Areas in the Eugene

District of the BLM and in the Tillamook and Mary's Peak Resource Areas in the

Salem District of the BLM. Small areas of some study drainages were administered or

owned by the U.S. Forest Service, Oregon Department of Forestry, Boise Cascade,

Olympic Resource Management, Roseburg Forest Products, Starker Forests, Swanson

Superior, The Timber Company, or Willamette Industries.

The study area is in the Tsuga heterophylla vegetation zone of western Oregon

in which Douglas-fir (Pseudotsuga menziesii) is the dominant species (Franklin and

Dyrness 1973). This area corresponds to the westside lowland conifer-hardwood forest

zone wildlife-habitat type (Chappell et al. 2001). Western hemlock (Tsuga

heterophylla) and western redcedar (Thuja plicata) are considered major forest tree

species in this zone, but occur less commonly than Douglas-fir. Red alder (Alnus

rubra) is the most widely distributed tree species in riparian areas followed by bigleaf

maple (Acer macrophyllum). Common shrub species in riparian areas include

salmonberry (Rubus spectabilis), vine maple (Acer circinatum), thimbleberry (Rubus

parviflorus), and devil's club (Oplopanax horridus). Typical herbaceous species in

7
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these areas are sword fern (Polystich urn muniturn), oxalis (Oxalis oregana), maidenhair

fern (Adianturn pedaturn), lady fern (Athyri urn fihix-fernina), deer fern (Blechnum

spicant), and bracken fern (Pteridiurn aquilinurn). The landscape surrounding the

study area largely exists in a checkerboard pattern of privately owned or publicly

administered lands. Public lands in the area are composed primarily of second-growth

forests with some young, mature, and old-growth stands.

South of the Yamhill River (N45° 05'), the primary parent geology is the Tyee

formation, "sedimentary beds composed of rhythmically bedded, tuffaceous, and

micaceous sandstone" (Franklin and Dyrness 1973). Some igneous intrusions also

occur in this area. North of the Yamhill River, geologic formations are more varied,

with both sedimentary and volcanic rocks (Franklin and Dyrness 1973). Most study

drainages have sedimentary parent material, although a few have both sedimentary and

volcanic components, particularly the northern sites (Appendix A).

This area is characterized by a wet, mild climate, with a mean January

temperature of approximately 0.9° C and a mean July temperature of approximately

17.9° C. Average annual precipitation ranges from 1500 to 3000 mm (Franklin and

Dyrness 1973).
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Figure 1. Map of study sites and area. See Appendix A for additional information on

locations and characteristics of drainages.
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Site Selection

I identified a population of potential study sites on lands administered by the

BLM from GIS (Geographic Information System) maps of land ownership, streams,

and forest age classes using three main selection criteria, stream drainage size, timber

management intensity, and land ownership. Potential study sites included all third-

order drainages in the Eugene and Salem Districts of the BLM on the east side of the

Coast Range mountains. These drainages represented the broadest spatial scale of my

investigation. To assure that a range of management conditions was represented in the

study, drainages were stratified into "low," "moderate," and "high" intensities based on

the percentage of forest >55 years old in each drainage (Table 1). Forest stands in

drainages ranged from <5 to >150 years in age. From a list of randomly-ordered

potential sites, I selected the first five to six drainages in each management intensity

category. A total of 16 drainages were selectedfive intensively logged drainages,

five moderately logged drainages, and six drainages subjected to low logging intensity

(Figures 1 and 2, Appendix A).

Table 1. Age class criteria used to stratify drainages by harvest intensity for site
selection. Values in table represent the percentage of drainage area in each age class.

Harvest Intensity
Percentage of Drainage by Forest Age Class (years)

<26 26 to 55 >55

Low 30 10 60
Moderate 40-6 0 10 40-60

High 60 10 30
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Figure 1. Study drainages #6 (top) and #9 (bottom) representing the low and moderate
harvest intensities (Figure 1, Appendix A).
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The study drainages ranged from 94 to 197 hectares in area and 205 to 662 m in

elevation (measured at mid-drainage) and represented a variety of aspects (Appendix

A). I attempted to control for lithology by considering only drainages with

sedimentary rock but few drainages met the criteria in the high intensity management

category. To have a similar number of drainages in each harvest intensity category, I

included drainages with sedimentary and metamorphic surficial lithology

(Appendix A).

Sample Unit Selection

I sampled study drainages between mid-June and late August in 1998 and

between early June and early September in 1999. Drainages were grouped for

sampling according to proximity. One group of three to four drainages was sampled

per week, and one study drainage was sampled per day by two (1998) or three (1999)

two-person teams. I divided the field season into early and late (1998) or early, mid-,

and late (1999) time periods and randomly selected a particular drainage group to

sample each week. Each group of drainages was sampled twice in 1998 and three

times in 1999 (once in each time period).

Amphibian sampling and microhabitat classification were conducted in 702

two-meter lengths of stream (sample units; Figure 3). Between 35 and 50 sample units

were sampled in each drainage over the two field seasons. The sample unit represented

the finest spatial scale in my study. All potential sample units had visible surface flow,



1. sample unit

4-2 m -

3. sub-drainage

Figure 2. Study drainage #12 (Appendix A) with an example of each of four spatial
scales of analysis: 1. Sample units (fine) were randomly selected 2-rn lengths of
stream; 2. The intermediate scale was defined by the combination of stand ages on each
side of the stream. Here there is a 190 year-old stand on one side and a 20 year-old
stand on the other; 3. Sub-drainages were defined by the catchment basin above a
sample unit; 4. Drainages were defined by the catchment basin including all sample
units.

were less than 0.5 m deep, and could be safely sampled. If one or more of these

criteria was not met, the next two-meter length of stream encountered in the original

direction of travel of a 2-person team (upstream or downstream) that met the critena

was sampled. Sample units were located in ephemeral, discontinuous, and perennial

streams.

13



14

Sample unit locations were randomly chosen so that each two-meter stream length in a

drainage had an equal probability of being selected as a sample unit. To ensure this, I

estimated stream length from maps generated from the BLM GIS data layer of streams

(Appendix C) and divided this length by the estimated number of sample units the

entire field crew could sample in one day (4 sample units per 2-person team) to obtain

a "sampling interval." This sampling interval represented the length of stream within

which one two-meter sample unit was selected.

Different teams sampled the upstream and downstream portions of the drainage.

Teams sampling the downstream portion of the drainage began their first sampling

interval at the downstream limit of a drainage located at a confluence with a larger

stream or at a pre-determined point based on drainage topography and land ownership

and moved upstream to sample. Teams working the upstream portion of the drainage

entered drainages near the top of tributary channels and began their first sampling

interval when flowing water was encountered and moved downstream to sample.

Logistical constraints (e.g., accessibility to the study drainages and field crew size)

dictated where it was feasible to begin sampling. Field crew members avoided walking

in streams whenever possible.

From a random number table, each team chose a two or three digit number

which represented the distance in meters to the downstream edge of the sample unit. If

this number did not fall within the range of the pre-determined sampling interval, a

new number was selected. Measuring tapes were used to measure distances to sample

units. When a tributary junction was encountered, a coin was flipped to determine

whether or not to go up the tributary. If the end of a tributary was reached, the
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remaining interval length was measured from the confluence with the tributary. When

measurements and sampling were completed in a sample unit, the team moved to the

end of the sampling interval and then selected a new random number.

Amphibian Surveys

The survey approach was based on the protocol described in Bury and Corn

(1991). A visual search for amphibians (Pacific giant salamanders, tailed frogs, torrent

salamanders) in a sample unit was conducted before any substrates were moved.

Stream searches were started at the downstream edge of the sample unit. After the

initial visual search, one person slowly moved upstream, searching under undercut

banks and potential cover objects by moving rock substrates and coarse wood. Dipnets

were held just downstream of the area searched to capture amphibians that were

dislodged or flushed when a cover object was removed. Once an amphibian was

captured, it was put into a water-filled plastic bag while type and size of cover object,

habitat type, and water depth at the capture location were recorded. Species, life stage,

sex, total length, and snout-vent length were recorded. After the survey was

completed, captured individuals were returned to the approximate point of capture.

Crayfish, sculpins, and salmonid fishes in the stream sample unit were counted and

recorded, and streambanks were surveyed for bank-associated amphibian species using

combined time-(five mm.) and area-(2m2) constrained searches. However, only

instream captures of primary taxa of interestPacific giant salamander (larval and
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neotenic), larval and metamorphosed tailed frogs, and southern and Columbia torrent

salamanderswere considered in the analysis for this study.

Microhabitat Classification (Fine Spatial Scale)

At the sample unit (fine) spatial scale, I measured variables related to instream

microhabitat structure, size and location of the stream in a drainage, surrounding

vegetation, water velocity, and stream gradient (Table 2). These measurements

correspond to explanatory variables used in models of species-habitat associations at

the finest spatial scale of this study. I hypothesized that stream structure characteristics

such as substrate size, coarse wood, and undercut banks were important to stream

amphibians as potential refugia. To obtain a single value for substrate, I used a ratio of

rock substrates with little or no cover value (bedrock, silt, sand, gravel) to substrates

with greater cover value (pebble, cobble, boulder; Appendix B). This measure also

described the amount of fine sediment in a sample unit, which can negatively impact

amphibians (Murphy and Hall 1981, Murphy et al. 1981, Hawkins et al. 1983, Welsh

and 011ivier 1998, Dupuis and Steventon 1999). Measures of stream habitat types per

unit were reduced to a ratio of slow (pool and glide) to fast water (riffle and cascade,

Appendix B). Other variables measured at the fine spatial scale such as stream width

and elevation were included in the analysis because they relate to stream size and

location in a drainage and can be important predictors of amphibian occurrence (Welsh

and Lind 1996, Hunter 1998, Wilkins and Peterson 2000, Sutherland and Bunnell

2001). Shrub and overstory cover were estimated to describe vegetative characteristics



Table 2. Description of habitat variables measured at the sample unit spatial scale

(2m).

Variable Description
substratea

cwd

undercut

slow/fasta

width

shrub

Natural log of the ratio of percent cover of stream substrates 32

mm in size in a sample unit over percent cover of stream
substrates >32 mm in size in a sample unit. Percent cover was
visually estimated.

Visual estimate of percent cover coarse woody debris (cwd) l 0

cm in diameter in a sample unit. Final measurement was
converted to proportion and log transformed.

Visual estimate of proportion of undercut bank in sample unit.
Final measure is an average of percent undercut on left and right

banks in sample unit.

Natural log of the ratio of percent cover slow water (pool and
glide) over percent cover fast water (riffle and cascade) in a
sample unit. Percent cover was visually estimated.

Mean stream width in meters of width at the bottom, center, and

top of sample unit.

Visual estimate of percent cover of shrubs over the sample unit.
Shrubs greater than 15 m tall were considered overstory trees.
Converted to proportion.

overstory Visual estimate of percent cover of overstory trees over the
sample unit. Converted to proportion.

elevation Elevation determined from Digital Elevation Models (DEM's)
(10-rn resolution) in GIS in hundreds of meters.

a See Appendix B for defmitions of substrates and habitat types.

17
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that might influence stream and ripanan microclimate. A categorical variable

representing the presence of one or more Pacific giant salamanders in a sample unit

was included in an exploratory analysis at this spatial scale (Appendix F). Variables

measured but not used in the final analysis are described in Appendix D.

Macrohabitat Classification (Broad Spatial Scales)

I measured habitat characteristics using GIS to generate explanatory variables

for models of species-habitat associations at the intermediate, sub-drainage, and

drainage spatial scales (Tables 3-5). All sample unit locations were digitized in

Arc/View GIS using BLM spatial data layers of streams, roads, and management units

as references. Sub-drainages were delineated above each sample unit (Figure 3) using

a 10-rn resolution digital elevation model (DEM) in Arc/Info (Appendix C). I defined

a sub-drainage as the catchment basin above a particular sample unit and defined a

drainage as the catchment basin above the point representing the start of the furthest

downstream sampling interval (Figure 3, see p. 14 for definition of sampling interval).

Habitat characteristics were measured for each sub-drainage (n=702) and for whole

drainages (n= 16) based on the intersection of the delineated watersheds and various

BLM GIS data layers.

Intermediate Spatial Scale

I defined the intermediate spatial scale according to the forest age class

combination around one or more sample units (Figure 3, Table 3). All contiguous
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sample units that had the same combination of forest age classes on both sides of the

stream represented an age class combination (153 total). Explanatory variables for

analysis at this spatial scale described management and geophysical characteristics and

included the categorical variables age class combination and presence of a forested

band, and the continuous variables heat load index (aspect) and stream gradient

(Table 3).

Age class combination (agecombo) was chosen because I believed it acted as a

measure of the degree of disturbance around a stream. I chose particular age classes

because they had some functional significance in relation to stream habitat or because

they served as a surrogate for time since disturbance. For at least the first 10 years

since disturbance, shade from shrubs or overstory trees is minimal (Andrus and

Froehlich 1988) and stream and riparian microclimate may be affected by solar

radiation. I defined the second (16 to 55 years) and third (56 to 105 years) age classes

as young and mature second-growth forests. I chose the age cut-off between these

categories to maintain continuity with criteria originally used for selection of study

drainages and also because the two categories represented different potential recovery

times for stream vertebrate communities. During the young age period, forest stands

are reestablished, and amphibian communities may not have recovered to pre-

disturbance levels (Corn and Bury 1989). I felt enough time may have passed for

amphibian communities to become re-established during the mature forest stage and

that the forest may functionally represent pre-disturbance conditions once it reaches

105 years old.
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Table 3. Description of habitat variables measured at the intermediate spatial scale.

Variable Description

agecombo

forested band

heatindex

gradient

Categorical variable representing combinations of
different forest age classes on each side of the stream.
Age classes were determined using the BLM Forest
Operations Inventory (FOl) GIS data layer in Arc/View.

Categorical variable representing presence of a >55 year-
old closed canopy forested band of 1 50 ft (46 m) on each
side of the stream. Measured in Arc/View using
measuring tool and digital orthophotographs (1-rn
resolution) of drainages as references.

Heat load index. Measure of aspect rescaled to a scale of
zero to one. Zero represents the coolest slope (northeast,
45°) and one represents the warmest slope (southwest,
225°). Aspect measured in field with a compass, then
applied the formula: (1 -cos(aspect-45))/2 adapted from
Beers et al. (1966).

Mean gradient of all points in a particular age class
combination. Gradient measured from a DEM in Arc/Info
by obtaining the maximum percent change in slope from
the cell in which the sample point was located to the next
adjacent or diagonal cell that represented the streambed.

For statistical analysis, I reduced four of the age class categories to two

categories to ensure that there was sufficient representation (1 0) in each age-class

category. I combined the age class categories that both had 1 S year-old forest on one

Category Age class, side 1 Age class, side 2
1 0-15 0-15
2 0-15 16-55
3 0-15 >55
4 16-55 16-55
5 16-55 >55
6 56-105 56-105
7 56-105 >105
8 >105 >105
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side and either 56 to 105 or >105 year-old forest on the other side, and combined the

age class categories that both had 16 to 55 year-old forest on one side and either 56 to

105 or >105 year-old forest on the other side. In both cases the under-represented

categories included 56 to 105 year-old forest on one side of the stream. Each of the

final eight age class categories had a sample size of 10 to 34 (Table 3).

A variable related to the presence of a forested band on each side of the stream

was included at the intermediate spatial scale because forested riparian areas may

provide protection for stream and riparian-associated amphibians by trapping

sediments washed down from harvest units or roads upslope and tempering stream

temperature fluctuations (Brown and Krygier 1970, Beschta et al. 1987). The band

width I chose (150 fi, 46 m, one site potential tree height) corresponded to the federally

required riparian buffer width for permanently flowing non-fish bearing streams in

effect since 1994 (Thomas 1993). Heat load index was included because stream

microclimate may be harsher in streams that are south or west-facing, and I

hypothesized that these effects may be compounded when streamside vegetation is

removed during logging operations. I included stream gradient because several studies

have shown that stream amphibian species are associated with this characteristic (Diller

and Wallace 1996, 1999, Wilkins and Peterson 2000, Adams and Bury 2001). Also,

high gradients may mitigate siltation effects from logging or road-building by flushing

fine sediments from stream habitats (Corn and Bury 1989).
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Sub-drainage and Drainage Spatial Scales

Similar variables were included in models describing species-habitat

relationships at two broader scales, the sub-drainage and drainage spatial scales (Tables

4 and 5). Sub-drainages ranged from very small (<0.5 ha) to very large (197 ha) and

drainages ranged from 232 to 480 acres in area (Appendix A). I was able to consider

more variables at the sub-drainage scale because the sample size was much larger

(n=702) than the sample size for the drainage scale (n=16). Variables included at these

scales related to forest age classes, road density, side slope characteristics, and

proportion of stream length with a forested band on each side of the stream.

I categorized the age structure of sub-drainages and drainages by the ratio of the

area of very young (0-15 year-old) forest to older (>15 year-old) forest. I chose this

ratio because the streamside vegetation, which can moderate the instream

microclimate, may not become re-established for up to ten years (Andrus and Froehlich

1988) and I believed responses in amphibian communities may be most noticeable

during this time. Two additional age class variables were included in an exploratory

analysis described in Appendix G. Road density and proportion of drainage with slope

>60% were included as surrogates for potential sediment loads in streams. Studies

show that sediment runoff into streams from roads can be high (Burns 1972, Beschta

1978, Reid and Dunne 1984), and slope failures appear to be more likely when sidef/

slopes are greater than 60% (A Skaugset, pers comm) Finally, the proportlop of

streams in a drainage with forested bands of at least 150 ft. was included because

forested riparian areas may moderate stream microclimate (Brosofske et al. 1997,



Table 4. Description of habitat variables measured at the sub-drainage scale.

Variable Description

l5/>15

area

roads

slope>60 Proportion of sub-drainage with percent slope >60%. Percent
slope calculated from a DEM (10-rn resolution) in Arc/Info
GRID

Ratio of stream length (m) in sub-drainage with a closed canopy
forested band (>55 years old) 1 50 ft. (46 m) in width on each
side of the stream to total length (m) of stream in sub-drainage.
Stream length measured in Arc/Info from BLM HYD and
STREAMS data layers. Stream length with forested bands
measured in Arc/View with measuring tool using digital
orthophotographs of drainages as references.

forested band

gradient
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Natural log of the ratio of sub-drainage area between 0-15 years
old to sub-drainage area >15 years old. Measured in Arc/Info
from BLM FOI data layer.

Sub-drainage area. Drainages were delineated in Arc/Info GRID
using FLOWDIRECTION and FLOWACCUMULATION
algorithms on 10-rn DEM' s through a "pour point," which
represented sample unit locations along the stream. Original
measure in meters squared was converted to hectares.

Ratio of hundreds of meters of roads in sub-drainage to sub-
drainage area (hectares). Road length measured in Arc/Info
from BLM GTRN data layer.

Mean stream gradient of all points in sub-drainage. Gradient
measured from a DEM in GIS by obtaining the maximum
percent change in slope from the cell in which the sample point
was located to the next adjacent or diagonal cell that represented
the streambed. Approximately 40 values had to be calculated
directly from a slope map based on a DEM as a result of errors
with the program used to calculate stream gradient.
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Table 4. Continued.

Variable Description

heatindex

Variable Description

l5I>l5

roads

slope>60

forested band

Mean of heat load index measurements for all points in a sub-
drainage. Heat load index is a measure of aspect rescaled to a
scale of zero to one. Zero represents the coolest slope
(northeast, 45°) and one represents the warmest slope
(southwest, 225°). Aspect was measured in field with a
compass, then applied the formula: (1-cos(aspect-45))/2
adapted from Beers et al. (1966).

151>15 * gradient 1 51>15 * gradient interaction

l 51>1 5*heatjndex 1 51>1 5*heatindex interaction

Table 5. Description of habitat variables measured at the drainage spatial scale.

Natural log of the ratio of drainage area between 0-15 years
old to drainage area >15 years old. Measured in Arc/Info from
BLM FOl data layer.

Ratio of hundreds of meters of roads in drainage to drainage
area (hectares). Road length measured in Arc/Info from BLM
GTRN data layer.

Proportion of drainage with percent slope >60%. Percent
slope calculated from a DEM (10-m resolution) in Arc/Info
GRID.

Ratio of stream length (m) in drainage with closed canopy
forested band (>55 years old) 1 50 ft. (46 m) in width on each
side of the stream to total length (m) of stream in drainage.
Stream length measured in Arc/Info from BLM HYD and
STREAMS data layers. Stream length with forested bands
measured in Arc/View with measuring tool using digital
orthophotographs of drainages as references.
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Dong et al. 1998) and I felt forested riparian areas might represent streams with

undisturbed habitat. Similar to the forested band variable at the intermediate scale, the

width of 150 ft. corresponds to the federally required riparian buffer width for

permanently flowing non-fish bearing streams (Thomas et al. 1993).

Variables unique to the sub-drainage scale were sub-drainage area, stream

gradient, heat load index and two interaction terms relating to age class by gradient and

age class by heat load index (Table 4). Sub-drainage area was included as an

explanatory variable to account for variability in sub-drainage areas, which may be

nested within each other and range from very small (<0.5 ha) to very large (197 ha). I

included stream gradient and an interaction term between gradient and the forest age

variable (gradient*1 51>15) because logging effects may be masked if stream

gradients are high (Corn and Bury 1989). An interaction between heat load index and

forest age class (heatindex*l 51>15) was included because the effects on stream

microclimate and amphibian communities of removing riparian or upslope vegetation

might be compounded in sub-drainages with more southerly-facing (warmer) slopes.

Statistical Analysis

I used logistic regression models (PROC GENMOD, SAS Institute 1999) to

determine the probability of occurrence of larval or neotenic Pacific giant salamanders,

metamorphosed tailed frogs, larval tailed frogs, and torrent salamanders in relation to

habitat or forest structure characteristics measured at each of four spatial scales (sample

unit, intermediate, sub-drainage, and drainage). I combined capture results for the
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southern torrent salamander and the Columbia torrent salamander because they

occurred in low numbers and appear to differ primarily in their range and genetics

(Good and Wake 1992). Habitat requirements are similar, both species being

associated with small, low-order, streams with little fine sediment, high gradients, and

cold water (see Diller and Wallace 1996, Welsh and Lind 1996). Adult and larval

tailed frogs were considered separately because this species is generally distributed

differently according to life stage (de Vlaming and Bury 1970, Hunter 1998). Data

from both field seasons were pooled for analysis. Responses were either binary or

binomial for all spatial scales. At the sample unit and sub-drainage scales, individual

responses were based on the presence of a particular amphibian species or life stage in

a sample unit. At the intermediate scale, the response was the ratio of the number of

occupied sample units to total sample units in a given age class combination. Each age

class combination was comprised of 1-34 sample units. The response at the drainage

scale was the ratio of occupied sample units in a drainage to total sample units in a

drainage. There were between 35-50 sample units in each drainage.

I used an information-theoretic method of data analysis which is based on

Kuliback-Leibler information, an equation describing information lost when a model is

used to approximate truth (Anderson et al. 2000). This approach emphasizes careful

consideration and development of a small set of a priori models based on existing

biological information. Since each additional model parameter can greatly increase the

number of candidate models, I minimized the number of potential parameters through a

three-step process. First, I reviewed studies on headwater stream amphibians in the

Pacific Northwest to assess which characteristics were important in determining
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amphibian occurrence, abundance, or biomass at a particular spatial scale. Second, I

considered if these variables were consistent with the objectives of the study. Because

one of my objectives was to produce models that could be useful to managers,

variables had to be easily measurable in the field, particularly at the fine spatial scale,

and require minimal transformation for analysis. Variables considered at broader

spatial scales were primarily related to management of land at broader spatial scales

and were restricted to those easily derived from maps or GIS data layers. Third, I

assessed the number of variables I could reasonably include in habitat models, given

the sample size. I attempted to keep the number of models equal to or less than the

sample size and only included interaction terms when the sample size could support

this level of complexity (Bumham and Anderson 1998).

I only considered models with four or fewer variables to facilitate the

interpretation and application of the model results in assessing habitat value for

headwater amphibians. Furthermore, the criterion I used to compare potential models

tends to rank over-parameterized models higher than more parsimonious models,

compared to other model selection approaches (Bumham and Anderson 1998).

Limiting the number of parameters reduced this risk.

I ranked models in a set using Akaike's Information Criterion (AIC, Appendix

E). AIC is an estimate of Kullback-Leibler information, or information lost when

conceptual truth is estimated by an approximating model (Anderson et al. 2000). The

AIC equation has both a "lack of fit" component and a component that penalizes the

use of additional model parameters by increasing the AIC value. Therefore, when
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comparing a set of models, the models with the lowest AIC values are both good

approximations to "truth" and also are parsimonious (Anderson et al. 2000).

Measures based on AAIC help to assess the strength of evidence for individual

models in a set. AAIC is the difference between the AIC value for a given model and

the model with the lowest AIC value. Nested models with AAIC2 have considerable

support and should be considered when making inferences about the data. Models for

which 2<AAIC<7 have less support, and those with AAIC?l0 have very little or no

support. These numeric guidelines should be adjusted upward when sample sizes are

small. For this study, I present only models with AAIC2 if sample sizes are large

(sample unit, intermediate, sub-drainage spatial scales), and present models with

AAJC4 if sample sizes are small (drainage scale).

AAIC values are used to compute Akaike weights (w), which are estimates of

the relative likelihood of each candidate model, given the data (Burnham and Anderson

1998). Unless the w of the best model is greater than 0.9, other models should be

considered when making inferences about the data (Bumham and Anderson 1998).

The w for a model can be interpreted as the probability of a model being the actual best

model, given the data. A 95% confidence set of models can then be calculated by

summing the weights in an ordered set of models until a cumulative probability of 95%

is reached. The ratio of weights (or relative weights) of two competing models

provides a measure of the relative strength of evidence for the models; the value is a

multiplicative factor for the likelihood of the best model compared to the alternative

model (Burnham and Anderson 1998). Akaike weights (w) also can be used to assess

the importance of individual parameters by summing the weights of the models in
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which the parameter occurs. This provides an importance weight for a parameter.

When a variable occurred in fewer models in a set than other explanatory variables

considered at a given spatial scale, I adjusted the importance weights of all parameters

using the formula:

Adjusted w = (#models/#models with variable)*( 1 I#variables)*w.

This correction factor was necessary when interaction terms were included in models at

the sample unit and sub-drainage spatial scales.

For models at each spatial scale and for each species of interest, I calculated

AIC values, AAIC, w, cumulative probabilities, relative weights, and importance

weights for individual parameters. Because I considered more than one model in

drawing inferences about the data, I also assessed the meaning and importance of

individual parameters by examining the direction of the change in response and the

range of coefficient values. Coefficient ranges arebased only on models with AAIC2

for analysis of data at the sample unit, intermediate, and sub-drainage scales, and

AAIC4 for analysis of data at the drainage scale. I interpreted the strength of the

effects of the model with the fewest variables that also had high importance weights

(usually> 0.20) relative to other models in the set of best models. A null model which

included only an intercept term was included in the full set of models to assess if

variables considered in each analysis were appropriate. I report the rank and AAIC

value of the null model for each analysis.
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For analysis at each spatial scale, I ran all possible combinations of habitat

models with four or fewer variables for each species or life stage of interest and used

AAIC to rank the models (Appendix E). I allowed interaction terms to be in models as

fifth and sixth variables if necessary. At the sample unit spatial scale, 163 models were

considered. Sixteen models were considered at both the intermediate and drainage

scales, and 126 models were examined at the sub-drainage scale for each species or life

stage.



RESULTS

Summary Results

In 702 sample units, 3,023 animals (13 species or taxa) were captured (Table 6)

of which 1,568 (52%) were Pacific giant salamanders, tailed frogs, or torrent

salamanders. Pacific giant salamanders represented the largest proportion of captures

of species of interest (65%), followed by larval tailed frogs (22%), torrent salamanders

(10%), and metamorphosed tailed frogs (3%). Pacific giant salamanders occurred in all

drainages, larval tailed frogs were found in 13 of 16 (81%) drainages, metamorphosed

tailed frogs occurred in 9 of 16 (56%) drainages, and torrent salamanders occurred in

all but one drainage (94%).

Sample Unit Spatial Scale

Pacific Giant Salamanders

The most parsimonious model for Pacific giant salamanders (Model 2, Table 7)

that also had variables with high importance weights (Table 8) included the variables

substrate and stream width (for a list of all models with AAIC4 see Appendix H). This

model was only 1.09 times less likely than the model with the lowest AAIC value

(model 1, Table 7) to be chosen as the actual best model. The variable describing

shrub cover was included in the model with the lowest AAIC value, but the effect of

shrub was small (change in odds=1 .03, 95% CI=0.99 to 1.07) and added little
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Table 6. Number of animals captured in stream sample units (SU) and on streambanks, Oregon Coast Range, 1998 and 1999.
Species are ordered by total captures.

a Species that were considered in statistical analyses.
b Bank captures include partially metamorphosed tadpoles.

Captures of torrent salamanders were combined in statistical analyses.

Common Name Scientific Name

Stream Bank

Total
captures

No.
captures

No.
occupied

SU's
No.

captures

No.
occupied

SU's

Pacific giant salamandera Dicamptodon tenebrosus 1020 373 19 16 1039

Crayfish Family Astacidae 962 317 0 0 962
Tailed frog (tadpoles)' Ascaphus truei 348 115 36b 29 384

Salmonid Oncorhynchus species 226 125 0 0 226

Sculpin Cottus species 213 84 0 0 213

Dunn's salamander Plethodon dunni 15 13 182 147 197

Southern torrent salamanderac Rhyacotriton variegatus 120 48 32 23 152

Western redback salamander Plethodon vehiculum 3 3 118 93 121

Tailed frog (adults)' Ascaphus truei 43 32 11 9 54

Columbia torrent salamander Rhyacotriton kezeri 37 19 9 8 46

Rough-skinned newt Taricha granulosa 20 11 17 16 37

Northwestern salamander Ambystoma gracile 15 1 0 0 15

Red-legged frog Rana aurora 0 0 I

Rubber boa Charina bottae 1 1 0 0

Total 3023 425 3448



Table 7. Logistic regression model results for predicting Pacific giant salamander
occurrence at the sample unit (fine) spatial scale. Only models with AAIC2 are
presented. Models (rows) are ordered by increasing AAIC values. X's indicate that a
variable occurred in a model. Variables are shown in order of descending variable
importance weights. "K" represents the number of parameters in a model.

Model
no.

1

2

3

4
5

6
7

8

Variable

Coefficient range
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explanatory power. The odds of occurrence of Pacific giant salamanders decreased as

the variable substrate increased, and increased as stream width increased. Specifically,

doubling the ratio of fine to coarse sediments was associated with a 22% decrease in

the odds of occurrence (odds=0.78, 95% CI=0.73 to 0.84), after accounting for width.

The range of this effect across all models with AAIC2 (models 1-8, Table 7) differed

by 0.01 (0.78 to 0.79). For each additional meter of stream width, the odds of

-

4-. 4-.
04-.

-

K AAIC w

Cumul.

prob.

Rel.

wt.

XX 4 0.00 0.113 0.11 1.00

X 3 0.17 0.104 0.22 1.09

XXX 5 0.42 0.092 0.31 1.23

X X 4 0.66 0.081 0.39 1.39

XX X 5 1.37 0.057 0.45 1.98

X X 4 1.40 0.056 0.50 2.01

XX X 5 1.73 0.048 0.55 2.37

X X 4 1.82 0.046 0.60 2.48
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occurrence increased by 72% (odds=l .72, 95% CI=l .31 to 2.24), after accounting for

substrate. The range of the width effect across the set of best models was 1.68 to 1.74.

The null model was ll2t1 out of 163 models (AAIC=66.90).

Table 8. Normalized importance weights for variables measured at the sample unit
spatial scale. Variables are ordered by the mean of the importance weights for each
variable (mean variable weights).

Larval Tailed Frogs

The most important variables in the set of best models for predicting the

occurrence of larval tailed frogs were substrate, width, and slow/fast (Table 8, Table 9;

for a list of all models with AAIC4 see Appendix H). Based on the model with only

these variables (model 2, Table 9), doubling the ratio of fine to coarse substrates

resulted in a decrease of 37% in the odds of occurrence of tadpoles (odds0.63, 95%

CI=0.54 to 0.73) after accounting for width and slow/fast. An increase of one meter in

stream width resulted in a 61% increase in the odds of occurrence (oddsl.61, 95%

Variable

Pacific giant larval metamorphosed torrent mean

salamanders tailed frogs tailed frogs salamanders variable wt.

substrate 0.29 0.28 0.28 0.27 0.28

width 0.29 0.26 0.12 0.07 0.19

elevation 0.05 0.04 0.28 0.30 0.17

slow/fast 0.09 0.20 0.13 0.05 0.12

undercut 0.06 0.11 0.04 0.12 0.08

shrub 0.11 0.03 0.05 0.06 0.06

overstory 0.05 0.05 0.04 0.07 0.05

cwd 0.05 0.04 0.05 0.06 0.05



Table 9. Logistic regression models for predicting larval tailed frog occurrence at the
sample unit (fine) spatial scale. See Table 7 for a description of the table format.

1

2

3

4

Variable

X

X
X

Coefficient range
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CI=1.19 to 2.19), other variables held constant. Doubling the ratio of slow to fast

water resulted in an 8% increase in the odds of occurrence (oddsl .08, 95% C11 .01 to

1.14). The range in the size of the effects across the best models (models 1-4, Table 9)

differed by 0.01 for substrate and slow/fast and differed by 0.02 for width. The

variable "undercut" added little explanatory value to the model with the lowest AAIC

value (model 1, Table 9). A 10% increase in undercut bank resulted in a 6% decrease

in the odds of occurrence (odds=0.94, 95% CI=0.88 to 1.01). The null model was

l52' out of 163 models (AA1C73.91).

0 K AAIC w

Cumul. Rel.

prob. wt.

5 0.00 0.215 0.22 1.00

4 0.48 0.169 0.38 1.27

5 1.80 0.087 0.47 2.46

5 1.94 0.082 0.55 2.64

-. >
C,, 00

0
0 0

Model

no.



36

Metamorphosed Tailed Frogs

Substrate and elevation were the most important variables in the set of best

models for metamorphosed tailed frogs (Table 8, for a list of all models with AAIC4

see Appendix H). The model with the lowest AAIC value (model 1, Table 10) was

1.97 times more likely to be the actual best model compared to the model with only

substrate and elevation (model 4, Table 10). However, these variables were equally as

effective in predicting metamorphosed tailed frog responses as models with additional

variables (e.g., model 2, Table 10). Including slow/fast added little explanatory value

to the model with only elevation and substrate. Doubling the ratio of slow water to fast

water resulted in a 10% increase in the odds of finding a metamorphosed tailed frog

(odds=1.10, 95% CI=0.99 to 1.22). This increase was small and the confidence

interval for the odds ratio included one, so the probability of occurrence changed very

little even after a large increase in the ratio of slow to fast water. Doubling the ratio of

fine to coarse substrates resulted in a 33% decrease in the odds of finding a

metamorphosed tailed frog (odds=0.67, 95% CI=0.53 to 0.84, range=0.65 to 0.68). A

100-rn increase in elevation resulted in a 66% increase in the odds of occurrence

(odds=1.66, 95% CI=1.31 to 2.10, range=1.66 to 1.77). The null model was 108th out

of 163 models (AA1C26.96).



Table 10. Logistic regression models for predicting metamorphosed tailed frog
occurrence at the sample unit (fine) spatial scale. See Table 7 for a description of the
table format.

1

2

3

4
5

6

X X
X

X

X X
X
,-" c'

do

Torrent Salamanders

Elevation and substrate occurred in all of the best models for predicting the

occurrence of torrent salamanders (Table 11) and also had high importance values

(Table 8, for a list of all models with AAIC4 see Appendix H). The model with the

lowest AAIC value (model 1, Table 11) was 1.16 times more likely to be chosen as the

actual best model compared to the model with only substrate and elevation (model 2,

Table 11). However, undercut added little explanatory power to model 1 (Table 11).

Variable

Coefficient range
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o K AIC w

Cumul. Rel.

prob. wt.

5 0.00 0.140 0.14 1.00
4 0.39 0.115 0.26 1.22
4 0.67 0.100 0.36 1.40

3 1.35 0.071 0.43 1.97

5 1.75 0.059 0.49 2.40
5 1.98 0.052 0.54 2.69

Model
- -

no.
o
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Table 11. Logistic regression models for predicting torrent salamander occurrence at
the sample unit (fine) spatial scale. See Table 7 for a description of the table format.

Model .

no.

1

2

3

4
5

6

7

8

9

10

11

Variable

1)

Coefficient range

Each 10% increase in undercut bank resulted in only a 6% increase in the odds of

occurrence (odds=1 .06, 95% CI=0.98 to 1.15). For each doubling of the ratio

of fine to coarse substrate, the odds of finding a torrent salamander increased by 19%

(odds=1.19, 95% CJ=1.04 to 1.35). The range of the size of this effect across the best

models was 1.18 to 1.20. Each 100-rn change in elevation resulted in an increase of

62% in the odds of occurrence of torrent salamanders (odds= 1.62, 95% CI= 1.37 to

0

0
. -

rI

K AAIC w

Cumul. Rel.

prob. wt.

X 4 0.00 0.104 0.10 1.00

3 0.30 0.089 0.19 1.16

X X 5 0.88 0.067 0.26 1.55

X 4 1.24 0.056 0.32 1.86

X 4 1.25 0.056 0.37 1.86

X X 5 1.38 0.052 0.42 1.99

X X 5 1.55 0.048 0.47 2.17
X X 5 1.67 0.045 0.52 2.30
X X 5 1.80 0.042 0.56 2.46

X 4 1.94 0.039 0.60 2.63
X 4 2.00 0.038 0.64 2.71
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1.91, range=1.61 to 1.64). However, the probability of finding a torrent salamander

was low (p=0.06) even with no fine sediment (ratio of fine to coarse sediments0: 1) in

a sample unit and with a 100-rn increase in elevation. The null model was 83id out of

163 models (zAIC34.31).

Intermediate Spatial Scale

Pacific Giant Salarnanders

There were only two habitat models for predicting Pacific giant salamander

occurrence with AAIC2 (models 1 and 2, Table 12; see Appendix I for a list of all

models). Forested band presence and gradient occurred in both models and the

variable effects were similar across models. The variables in both models had

importance weights >0.20 (Table 13). Based on the model with the lowest AAIC value

(model 1, Table 12), the odds of occurrence of a Pacific giant salamander in a stream

with forested bands were 213% higher than the odds of finding a Pacific giant

salamander in the absence of forested bands (odds=3.13, 95% C12.00 to 4.76). In

model 2 (Table 12), the odds of finding a Pacific giant salamander in a stream with

forested bands were 245% higher than the odds of finding a Pacific giant salamander in

a stream without forested bands (odds=3.45, 95% CI=2.27 to 5.26). As gradient

decreased by 10%, the odds of finding a Pacific giant salamander increased by 67%

(odds=1.67, 95% CI=1.12 to 2.44) in model 1 (Table 12) and increased by 56% in the

model 2 (Table 12; odds=1.56, 95% CI= 1.06 to 2.27). Heatindex in model 1
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(Table 12) was important in explaining occurrence of Pacific giant salamanders. The

effect of moving from a northeast-facing stream to a southwest-facing stream was a

54% decrease in the odds of occurrence (odds=0.46, 95% CI=0.21 to 0.98). Also,

model 1 (Table 12) was 2.6 times more likely to be chosen as the actual best model

than model 2 (Table 12), which supports the conclusion that heatindex was important.

The null model was 15t1 out of 16 models (AA1C34.99, Appendix I).

Table 12. Logistic regression model results for predicting Pacific giant salamander
occurrence at the intermediate spatial scale. See Table 7 for a description of the table
format.

Model forested Cumul. Rel.

no. band gradient heatindex agecombo K AAIC w prob. wt.

1 X X X
2 X X

-1.2367 -0.0507
to to -0.7714

-1.1342 -0.0442
Coefficient range

Table 13. Normalized importance weights for variables measured at the intermediate
spatial scale. Variables are ordered by the mean of the importance weights for each
variable (mean variable weights).

Variable

Variable

5 0.00 0.627 0.63 1.00

4 1.91 0.241 0.87 2.60

Pacific giant larval metamorphosed torrent mean
salamanders tailed frogs tailed frogs salamanders variable wt.

forestedband 0.38 0.11 0.51 0.38 0.35

gradient 0.34 0.20 0.28 0.42 0.31

heatindex 0.27 0.28 0.20 0.20 0.24

agecombo 0.01 0.40 0.01 0.00 0.11



Larval Tailed Frogs

Age combination occurred in all top models (Table 14) and was the most

important variable in predicting the occurrence of larval tailed frogs at the intermediate

spatial scale (Table 13, Table 15; see Appendix I for a list of all models). Only the

categories with forest >105 years old on at least one side of the stream (categories 7

and 8, Table 15) had a positive effect on the odds of occurrence of larval tailed frogs.

The two other categories with the most extreme coefficient values were category one

(age 0 to 15 on each side of stream, Table 15) and category four (age 16 to 55 on each

side of the stream, Table 15). Based on the model with only the variable agecombo

(model 3, Table 14), the odds of finding a larval tailed frog in a forest in category

seven are 1492% greater (odds=15.92, 95% CI=5.58 to 45.15) than the odds of finding

a larval tailed frog in a stand with very young forest on either side of the stream

(category 1, Table 15). The sizes of the effect (odds ratio) for this comparison across

models 1-4 (Table 14) are 13.44, 13.82, 15.92, and 16.02, respectively. The odds of

finding a larval tailed frog in an stream surrounded by older forest (category 7, table

15) are 2480% greater (odds25.80, 95% CI= 6.62 to 100.48) than the odds of finding

a larval tailed frog in a stream surrounded by young forest (category 4, Table 15). The

sizes of the effects (odds ratio) for this comparison across models 1-4 (Table 14) are

3.19, 21.79, 25.80, and 25.20.

The top two models (models 1 and 2, Table 14) had very low AIC values and

very similar Akaike weights (w) and relative weights, suggesting gradient added little

explanatory power to model 1 (Table 14). These models included heatindex and were

41
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Table 14. Logistic regression models for predicting larval tailed frog occurrence at the
intermediate spatial scale. See Table 7 for a description of the table format.

Variable

Model forested Cumul. Rel.
no. agecombo heatindex gradient band K AAIC w prob. wt.

1 X X X 11 0.00 0.251 0.25 1.00
2 X X 10 0.01 0.250 0.50 1.01
3 X 9 1.45 0.122 0.62 2.06
4 X X 10 1.80 0.102 0.72 2.46

-1.0012 -0.0377
See Table

to to
15

-0.9418 -0.0333

Coefficient range

Table 15. Coefficient ranges for levels of the categorical explanatory variable
"agecombo." Level eight is the reference level.

Category Age class, side 1 Age class, side 2 Lower Upper

1 0-15 0-15 -1.7787 -1.5962
2 0-15 16-55 -0.9603 -0.7179
3 0-15 >75 -0.2900 -0.0751

4 16-55 16-55 -2.2311 -2.0516
5 16-55 >75 -0.9816 -0.7015
6 56-105 56-105 -0.0751 -0.3042
7 56-105 >105 0.9499 1.0657

8 >105 >105 reference reference

over twice as likely to be chosen as the actual best model as the model with only

agecombo (model 3, Table 14), suggesting heatindex had explanatory value. Based on

model 2 (Table 14), moving from a northeast-facing stream to a southwest-facing

stream resulted in a decrease in the odds of finding a larval tailed frog of 61%



Variable
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(odds0.39, 95% CI=0.15 to 1.03). The null model was ranked 15th out of 16 models

(AAIC value=46.00, Appendix I).

Metamorphosed Tailed Frogs

Only forested band presence occurred in all models with AIC2 for

metamorphosed tailed frogs at the intermediate spatial scale, and the model with only

forested band had the lowest AAIC value (model 1, Table 16; see Appendix I for a list

of all models). Based on model 1 (Table 16), the odds of finding a metamorphosed

tailed frog in a stream with forested bands were 360% higher than the odds of finding a

metamorphosed tailed frog in a stream without forested bands (odds4.60, 95%

CI=1.42 to 1486). The probability of occurrence in a stream without forested bands

was only 0.02. The range of the forested band effect across models was 3.95 to 4.60.

Table 16. Logistic regression models for predicting metamorphosed tailed frog
occurrence at the intermediate spatial scale. See Table 7 for a description of the table
format.

Model forested Cumul. Re!.

no. band gradient heatindex agecombo K AAIC w prob. wt.

1 X 3 0.00 0.302 0.30 1.00

2 X X 4 0.02 0.298 0.60 1.01

3 X X X 5 1.38 0.151 0.75 1.99

4 X X 4 1.40 0.149 0.90 2.02

-1.5250 0.0610 -0.8929
to to to

-1.3723 0.0633 -0.8403

Coefficient range
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Gradient also had a high importance weight (Table 13), although it did not

occur in the best model (Table 16). An increase of 10% in gradient resulted in an 84%

increase in the odds of finding a metamorphosed tailed frog (odds=1 .84, 95% CF0.84

to 4.05). The effect of gradient in model 3 (Table 16) differed from model 2 (Table 16)

by only 0.01. The null model was ranked 8t1 out of 16 models (AAIC=5.87,

Appendix I).

Torrent Salamanders

Gradient and forested band were in the model with the lowest AAIC value

(model 1, Table 17; see Appendix I for a list of all models) and also had high

importance values (Table 13). Based on the model with only gradient and forested

band (model 1, Table 17), the odds of finding a torrent salamander in a stream with

forested bands were 178% higher than the odds of finding a torrent salamander in a

stream without forested bands (odds=2.78, 95% CI=1 .30 to 5.88). This effect differed

from model 2 (Table 17) by 0.20. For each 10% increase gradient, the odds of

occurrence increased by 159% (odds=2.59, 95% CI=1.53 to 4.40). This effect differed

from the next best model by only 0.02. The probability of finding a torrent salamander

in a stream without forested bands with a 10% increase in gradient was 0.02. This

probability increased to only 0.05 when the stream had forested bands. Although the

two top models were very close in weight, the second model with heatindex added

some explanatory value to the best model. Compared to the odds of finding a torrent

salamander in a stream with a northeast aspect, the odds of occurrence in a southwest-



Model forested Cumul. Rel.

no. gradient band heatindex agecombo K zAIC w prob. wt.

1 X X 4 0.00 0.488 0.49 1.00
2 X X X 5 0.36 0.409 0.90 1.20

0.0953 -1.0039
to to -0.9249

0.0960 -0.9279

Sub-drainage Spatial Scale

Pacific Giant Salamanders

The variables forested band, slope>60, and heatindex all occurred in both

models with AAIC2 (Table 18, see Appendix J for a list of all models with AAIC4)

and all had importance weights greater than 0.20 (Table 19). Based on model 1 (Table

18), when the whole sub-drainage had forested bands, the odds of occurrence of a

Pacific giant salamander increased by 389% (odds=4.89, 95% CI=3.01 to 24.3), other

variables held fixed. The range in the size of this effect across all models was 4.58 to

4.89. A 10% increase in stream length with forested bands resulted in a 17% increase

Variable

Coefficient range
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facing stream are 60% lower (odds=0.40, 95% CI=0. 10 to 1.58). The null model was

ranked 12th out of 16 models (iAIC=16.40, Appendix I).

Table 17. Logistic regression models for predicting torrent salamander occurrence at
the intermediate spatial scale. See Table 7 for a description of the table format.
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Table 18. Logistic regression model results for predicting Pacific giant salamander
occurrence at the sub-drainage spatial scale. See Table 7 for a description of the table
format.

- o G) -.
t) A -

.> E
Mode1 tu

no. - O

XXXX2 XXX X
" N N tt

c -
00 N CC C C C- N - C C
S -

N
'fl

Variable

Coefficient range

I,.)

Cumul. Rel.

K AAIC w prob. wt.

in the odds of occurrence (odds1.17, 95% CI=1.12 to 1.23), other variables held fixed.

The size of this effect differed by only 0.01 across all models. For each 10% increase

in the percentage of drainage area with >60% slope, the odds of occurrence of a Pacific

giant salamander increased by 22% (odds=1 .22, 95% CI=l .09 to 1.38), other variables

held constant. The size of the effect ranged from 1.20 to 1.22. A change in sub-

drainage aspect from southwest to northeast (heatindex) resulted in an increase in the

odds of occurrence of 170% (odds2.70, 95% CI=1.52 to 5.00), other variables held

constant. The null model was 124th out of 126 models (AAIC8 1.94).

5 0.00 0.478 0.48 1.00

5 1.68 0.206 0.68 2.32
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Table 19. Normalized importance weights for variables measured at the sub-drainage
spatial scale. Variables are ordered by the mean of the importance weights for each
variable (mean variable weights).

Larval Tailed Frogs

Area, forested band, and heatindex were all important variables in predicting

the occurrence of larval tailed frogs (Table 20) and occurred in the three models with

AAIC2 (models 1-3, Table 20; see Appendix J for a list of all models with AAIC4).

The interaction between 1 51>15 and heatindex also had a high importance weight

(Table 19) but was not interpreted because it only occurred in one model in the set of

best models and the weight was likely influenced by the correction factor applied to

variables in certain sets of models (see p. 29) Based on the model with only area,

forested band, and heatindex (model 3, Table 20), a 62-hectare increase in sub-drainage

area was necessary before the odds of finding a larval tailed frog doubled (odds2.01,

95% C11.52 to 2.66). This effect ranged from 1.99 to 2.01 across the set of best

models. The odds of occurrence increased by 486% (odds5.86, 95% C13.21 to

Variable

Pacific giant larval metamorphosed torrent

salamanders tailed frogs tailed frogs salamanders

mean

variable
wt.

forested band 0.27 0.21 0.23 0.18 0.22

area 0.07 0.21 0.17 0.24 0.17

heatindex 0.23 0.19 0.07 0.10 0.15

15I>15*heatindex 0.01 0.23 0.05 0.16 0.11

slope>60 0.25 0.07 0.08 0.03 0.11

_<151>15 0.01 0.07 0.18 0.14 0.10

gradient 0.12 0.01 0.08 0.04 0.06

roads 0.04 0.01 0.08 0.06 0.05

15I>15*gradient 0.00 0.00 0.06 0.04 0.03
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10.68, range=5.29 to 7.40) when all streams in a sub-drainage had forested bands. A

10% increase in the percentage of stream length with forested bands in a sub-drainage

resulted in a 19% increase in the odds of occurrence (odds=1.19, 95% CI=1.12 to 1.27,

range=1.18 to 1.22). The odds of occurrence doubled (odds=2.03, 95% C11.59 to

2.58) after an increase of 40% in stream length with forested bands. The range in the

size of this effect across models 1-3 (Table 20) was 1.95 to 2.23. The odds of finding a

larval tailed frog were 1011% greater (odds=1 1.11, 95% CI=4.34 to 33.00) in a

Table 20. Logistic regression models for predicting larval tailed frog occurrence at the
sub-drainage spatial scale. See Table 7 for a description of the table format.

a)

a)

*

Model
no. VI

1 X
2

3

a) e-'

A

a) 0
- - VI t.O

Variable

x
x

00

Coefficient range

Cumul. Rel.

K AAIC w prob. wt.

6 0.00 0.342 0.34 1.00
5 0.20 0.309 0.65 1.11

4 1.60 0.154 0.80 2.22
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sub-drainage with a northeast compared to a southwest-facing aspect. The null model

was ranked 123' out of 126 models (zAIC=86.15).

Metamorphosed Tailed Frogs

Forested band, 15I>15, and area were the most highly weighted variables in

the set of candidate habitat models used to predict the occurrence of metamorphosed

tailed frogs (Table 19) and occurred most frequently in the set of models with AAIC2

(Table 21, see Appendix J for a list of all models with AAIC4). However, the effect

of area was small and contributed little to the value of model 1 (Table 21). After

accounting for forested band and 1 51>15, a ten-hectare increase in sub-drainage area

resulted in only a 7% decrease in the odds of occurrence of metamorphosed tailed frogs

(odds=0.93, 95% CI=0.85 to 1.01). Since the confidence interval included one, the

probability of occurrence was similar both before and after a ten-hectare increase in

drainage area. Based on the model with only forested band and 1 51>15 (model 2,

Table 21), when all streams in a sub-drainage had forested bands the odds of

occurrence increased by 198% (odds=2.98, 95% CI=0.93 to 9.57) after accounting for

<151>15. The range in the size of this effect across models was 2.93 to 5.66.

Increasing the amount of stream length with forested bands in a sub-drainage by 10%

resulted in a 9% increase in the odds of occurrence (oddsl .09, 95% C10.99 to 1.25,

range=1.08 to 1.73) and an increase of 64% of stream length with forested bands was

necessary before the odds of occurrence doubled (odds=2.01, 95% C10.95 to 4.24),

after accounting for 15I>15. The range in the size of this effect across the set of best
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Table 21. Logistic regression models for predicting metamorphosed tailed frog
occurrence at the sub-drainage spatial scale. See Table 7 for a description of the table
format.

Variable

Model
c C

2 onO. VI c bO

1 XXX
2 XX3 XXXX
4 X. X
5 xx6 XXX X
7 XX X8 XXX X

N0

Coefficient range

models was 1.98 to 3.03. After accounting for forested band, doubling the ratio of

forest 15 years old to forest >15 years old (15/>15) resulted in a 15% decrease in the

odds of occurrence of metamorphosed tailed frogs (odds0.85, 95% CI=0.72 to 1.01).

The range in the size of this effect across models was 0.79 to 0.85. The null model was

97th out of 126 models (AAIC=13.38).

K AAIC w

Cumul. Rel.

prob. wt.

4 0.00 0.082 0.08 1.00
3 0.99 0.050 0.13 1.64
5 1.40 0.041 0.17 2.01
3 1.57 0.038 0.21 2.19
3 1.60 0.037 0.25 2.23
5 1.88 0.032 0.28 2.56
4 1.92 0.032 0.31 2.61
5 1.95 0.031 0.34 2.66



Torrent Salamanders

Sub-drainage area, forested band, and 1 51>15 had the highest importance

weights (Table 19) and occurred in all of the top models for predicting occurrence of

torrent salamanders (models 1-4, Table 22; see Appendix J for a list of all models with

AAIC<4). Model 2 (Table 22) was interpreted because the model with the lowest

AAIC value (model 1, Table 22) was only 1.20 times more likely than model 2 to be

actual best model (Table 22). All estimates were made after accounting for other

variables in the model. A five-hectare decrease in sub-drainage area resulted in an

15% increase in the odds of finding a torrent salamander (oddsl.15, 95% C11.l0 to

1.22). The range in the size of this effect across the set of best models (models 1-4,

Table 22) was 1.14 to 1.15. A decrease of 25 ha was necessary before the odds of

finding a torrent salamander doubled (odds=2.02, 95% C11 .56 to 2.62). When all

streams in a sub-drainage had forested bands, the odds of occurrence increased by

132% (odds2.32, 95% CI=l.06 to 5.11, range 2.32 to 2.55). A 10% increase in

stream length with forested bands in a sub-drainage resulted in a 9% increase in the

odds of occurrence (odds=1.09, 95% CI=1.01 to 1.18, range=1.09 to 1.10), and an 83%

increase in stream length with forested bands was necessary before the odds of

occurrence doubled (odds=2.0l, 95% CI=1.05 to 3.87, range 2.01 to 2.17). Doubling

the ratio of very young to older forest (15I>15) resulted in a 10% decrease in the odds

of occurrence (odds=0.90, 95% CI=0.81 to 0.99). The size of this effect ranged from

0.89 to 1.01. The null model was 125th out of 126 models (AA1062.25).
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Table 22. Logistic regression models for predicting torrent salamander occurrence at
the sub-drainage spatial scale. See Table 7 for a description of the table format.

Model
no.

1 XXXXX
2 XX X
3 XX XX
4 XX X

Drainage Spatial Scale

Pacific Giant Salamanders

The forested band variable occurred in all models with AAIC4 for predicting

Pacific giant salamander occurrence at the drainage scale (Table 23, see Appendix K

for a list of all models), was the only variable in the model with the lowest AAIC value

(model 1, Table 23), and had a very high importance value (Table 24). Based on

model 1 (Table 23), the odds of finding a Pacific giant salamander increased by 1000%

Variable

*
fl V Lfl- -
A .9 A A

V Cumul. Rel..- - -
c c

o - 0
VI VI K AAIC w prob. wt.

Coefficient range

6 0.00 0.138 0.14 1.00
4 0.37 0.114 0.25 1.20
5 1.00 0.084 0.34 1.65

X 5 1.24 0.074 0.41 1.86
lI



Variable

Model forested Cumul. Rel.

no. band slope>60 roads 15/>15 K AAIC w prob. wt.

1 X 3 0.00 0.568 0.57 1.00

2 X X 4 2.78 0.141 0.71 4.02

3 X X 4 3.39 0.104 0.81 5.45

4 X X 4 3.62 0.093 0.91 6.10

2.2009

to 3.4158 1.6439 0.0204

2.6275

Coefficient range

Table 24. Normalized importance weights for variables measured at the drainage
spatial scale. Variables are ordered by the mean of the importance weights for each
variable (mean variable weights).
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Table 23. Logistic regression model results for predicting Pacific giant salamander
occurrence at the drainage (broad) spatial scale. Only models with AAIC4 are
presented. Models (rows) are ordered by increasing AAIC values. X's indicate that a
variable occurred in a particular model. Variables are shown in order of descending
variable importance weights. "K" represents the number of parameters in a model.

Pacific giant larval metamorphosed torrent mean
Variable salamanders tailed frogs tailed frogs salamanders variable wt.

forested band 0.66 0.53 0.61 0.25 0.51

slope>60 0.14 0.23 0.15 0.21 0.18

15I>15 0.10 0.17 0.11 0.27 0.16

roads 0.10 0.07 0.14 0.27 0.15

(odds=1 1.00, 95% CI=3.52 to 34.40) and the probability of occurrence was 0.82 when

100% of the stream length had forested bands. The range of the size of this effect

across all models with AAJC4 was 9.03 to 13.84. For each 10% increase in stream

length with forested bands, the odds of occurrence increased by 27% (oddsl .27, 95%
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CI=1 .13 to 1.42). When only 10% of the drainage had forested bands, the probability

of occurrence of Pacific giant salamanders was 0.34. An increase of stream length with

forested bands of 30% was necessary before the odds of occurrence doubled. The

probability of occurrence in a sample unit in a drainage which had 30% of stream

length surrounded by forested bands was 0.46 compared to a drainage without any

forested bands along streams. The null model was ranked 9' out of 16 models

(AAIC=8.50, Appendix K).

Larval Tailed Frogs

In the set of models for predicting larval tailed frog occurrence with AAIC4

(Table 25, see Appendix K for a list of all models), forested band occurred in all

models, was in the model with the lowest AAIC value (model 1, Table 25), and had the

highest importance value among all of the variables (Table 24). Based on model 1

(Table 25), the odds of occurrence of a larval tailed frog in a sample unit in a drainage

in which all streams had forested bands were 767% higher than the odds in a drainage

without any forested bands (odds=8.67, 95% CI=3.01 to 24.93). The size of this effect

across models 1-5 ranged from 5.63 to 12.63. The probability of finding a larval tailed

frog in a sample unit in drainage with forested bands along all streams was 0.37. For

each 10% increase in stream length with forested bands, the odds of occurrence

increased by 24% (odds=l.24, 95% CI=1.12 to 1.38). When 10% of the stream length

in a drainage was surrounded by forested bands, the size of the effect ranged from 1.19



Variable

1 X 3 0.00 0.392 0.39 1.00

2 X X 4 1.20 0.215 0.61 1.82

3 X X X 5 2.61 0.106 0.71 3.70

4 X X 4 2.69 0.102 0.81 3.84

5 X X 4 3.49 0.069 0.88 5.71

1.7277 -3.5998 -0.2870

to to to 1.0834

2.5358 -2.4624 -0.1376

Coefficient range
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Table 25. Logistic regression model results for predicting larval tailed frog occurrence
at the drainage (broad) spatial scale. See Table 23 for a description of the table format.

to 1.29 across models and the probability of occurrence was 0.08. To double the odds

of occurrence of larval tailed frogs, a 32% increase in stream length with forested

bands was necessary. The variables slope>60 and 15/>15 also had high importance

weights, but occurred in models that were less likely to be the actual best models

(models 2 and 3, Table 25) compared to the selected best model and added little

explanatory power to the model with only forested band. Based on model 2 (Table 25),

an increase of 10% of the proportion of a drainage with slope?60% resulted in a 22%

decrease (odds=0.78, 95% CI=0.57 to 1.07) in the odds of finding a larval tailed frog.

Because the confidence interval included one, there was actually little change in the

odds of occurrence. The null model was out of 16 models (AAIC13.74,

Appendix K).

Model forested Cumul. Rel.

no. band slope>60 15/>15 roads K AAIC w prob. wt.
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Metamorphosed Tailed Frogs

Similar to the results for Pacific giant salamander and larval tailed frogs, all

models in the set of best models for metamorphosed tailed frogs included forested band

(models 1-4, Table 26), the model with only this variable was the best model (model 1,

Table 26), and forested band had a much higher importance weight than the other

variables considered (Table 24). Based on model 1 (Table 26), the odds of occurrence

of a metamorphosed tailed frog in a drainage where all streams had forested bands

were 976% higher than the odds in an drainage without any forested bands

(odds=10.76, 95% CI= 2.88 to 39.48), and the probability of occurrence in a sample

unit in a drainage with forested bands was 0.12. The range in the size of effects of

forested bands across models 1-4 (Table 26) was 9.97 to 19.60. For each 10% increase

in stream length with forested bands, the odds of occurrence increased by 27%

Table 26. Logistic regression model results for predicting metamorphosed tailed frog
occurrence at the drainage (broad) spatial scale. See Table 23 for a description of the
table format.

Variable

Model forested Cumul. Rel.
no. band slope>60 roads <15/>15 K 1AIC w prob. wt.

1 X 3 0.00 0.473 0.47 1.00
2 X X 4 2.22 0.156 0.63 3.03
3 X X 4 2.29 0.150 0.78 3.14
4 X X 4 3.62 0.077 0.86 6.12

2.300
to -2.1273 4.3578 -0.0207

2.9758

Coefficient range



Variable

Model forested Cumul. Rel.

no. roads 1 51>15 band slope>60 K AAIC w prob. wt.

1 2 0.00 0.409 0.41 1.00

2 X 3 2.54 0.115 0.52 3.56

3 X 3 2.63 0.110 0.63 3.73

4 X 3 2.70 0.106 0.74 3.86

5 X 3 3.02 0.090 0.83 4.53

2.0134 -0.0998 0.4630 -0.4175

Coefficient
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(odds=1.27, 95% CI=1.11 to 1.44). The size of the effect across models ranged from

1.26 to 1.35. Compared to an drainage without forested bands, the probability of

occurrence in a sample unit in a drainage where 10% of the stream length had forested

bands was only 0.02. A 30% increase in stream length with forested bands was

necessary before the odds of occurrence doubled. The null model was out of 16

models (AAIC=6. 19, Appendix K).

Torrent Salamanders

The null model was the selected best model (model 1, Table 27; see Appendix

K for a list of all models). Variable importance weights were relatively evenly

distributed (Table 24).

Table 27. Logistic regression model results for predicting torrent salamander
occurrence at the drainage (broad) spatial scale. See Table 23 for a description of the
table format.
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DISCUSSION

Influences of Forest Management

At the finest spatial scale, occurrences of all amphibians examined were

negatively associated with decreasing substrate size (Table 28). Increases in fine

sediments, along with increases in stream temperatures, are often hypothesized to be

causal factors underlying decreases in stream amphibians populations in watersheds

managed for timber production (Bury and Corn 1 988b, Corn and Bury 1989).

Sedimentation in streams has been associated with streamside or upslope logging and

road building in several studies (Beschta 1978, Murphy et al. 1981, Reid and Dunne

1984, Beschta et al. 1987). These sediments potentially fill in interstitial spaces that

are used as oviposition sites and refugia by amphibians (Bury and Corn 1988b, Corn

and Bury 1989). Alternatively, amphibians may have responded to a lack of coarse

substrates which are used as cover from predators, such as salmonids and Pacific giant

salamanders (Metter 1964, Good and Wake 1992). Also, larval tailed frogs attach to

larger substrates to graze on diatoms and prevent themselves from being washed

downstream (Metter 1964). Therefore, management activities that minimize input of

small substrates and maximize large substrates should enhance habitat quality for

headwater stream amphibians.

At broad spatial scales, amphibians did not respond as hypothesized to

variables that could act as indices of sediment input into streams, road density and the

percentage of a sub-drainage or drainage with slopes greater than 60%. My
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Table 28. Summary of variables most important in predicting species occurrence at all
spatial scales. Variables are listed in order of importance according to importance
weights.

expectation was that the odds of occurrence of each species would decrease as these

measures increased. Occurrence of Pacific giant salamanders was more likely when

slope values were higher and density of roads was not useful in predicting amphibian

occurrence at broader spatial scales. This result suggests that Pacific giant salamanders

may tolerate higher levels of sedimentation than other species. Alternatively, these

measures may not reflect sedimentation well, or amphibian species may not respond to

characteristics measured at this spatial scale.

Variables related to forest condition around streams were important in

predicting amphibian occurrence at broad spatial scales. The presence of a forested

band at least 55 years old and 15O ft. (46 m) in width on each side of the stream, or

Scale
Species

Sample unit Intermediate Sub-drainage Drainage

Pacific giant
salamanders

Larval tailed
frogs

substrate
width

substrate
width

slow/fast

forested band
gradient

heat index

agecombo
heat index

forested band
slope>60%
heat index
gradient

area
forested band

heat index
slope>60%

forested band

forested band

metamorphosed
tailed frogs

torrent
salamanders

substrate
elevation

elevation
substrate

forested band

gradient
forested band

forested band
age

area
forested band

age

forested band

null
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the percentage of stream length with forested bands 1 50 ft. in width occurred in the

best models with other variables at intermediate and sub-drainage scales. At the

drainage scale, the proportion of forested bands was the only variable in the best model

for predicting the presence of Pacific giant salamanders, larval tailed frogs and

metamorphosed tailed frogs. At the intermediate spatial scale, presence of a forested

band was not in the best set of models for predicting occurrence of larval tailed frogs,

however occurrence was positively associated with forest age combinations that had

older forest (>105 years old) on at least one side of the stream. At the sub-drainage

scale, occurrences of metamorphosed tailed frogs and torrent salamanders were

negatively associated with the percentage of young forest (1 5 years old) in a sub-

drainage, suggesting that characteristics of upsiope areas are also important in

predicting amphibian occurrence at broad spatial scales.

My findings for intermediate and broad spatial scales may be related to one or

more of the functions that streamside vegetation serves in the protection and

maintenance of amphibian habitat, such as moderation of stream temperatures (Brown

and Krygier 1970, Beschta et al. 1987) or riparian microclimate (Brosofske et al. 1997,

Dong et al. 1998). Maintaining cool stream temperatures is important for larval tailed

frogs, which have a narrow range of thermal tolerance (Brattstrom 1963, de Vlaming

and Bury 1970, Brown 1975), and for torrent salamanders, which are associated with

cold water (Nussbaum and Tait 1977, Good and Wake 1992). Changes in air

temperature and humidity may affect metamorphosed stream amphibians, which have

cutaneous respiration and therefore require cool, moist microclimates when foraging in

or dispersing through riparian or upslope habitat. All stream amphibians species have
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been found tens of meters from stream habitat (Gomez and Anthony 1996, Vesely and

McComb 2001). Tailed frogs also are believed to move upstream to breeding

congregations, and have been found on ridgetops, suggesting that dispersal between

drainages may occur. Disturbance of riparian and upslope habitat therefore may affect

individuals by disturbing foraging habitat, populations by disrupting movements to

areas important for breeding, and metapopulations by disrupting connectivity among

patches and dispersal, thereby affecting genetic diversity of amphibian populations

over broader temporal and spatial scales. It is likely that a combination of factors,

particularly the moderation of stream temperatures and the presence of at least some

undisturbed habitat in riparian areas, explain the importance of the amount or presence

of forested bands to amphibian populations in study drainages over shorter time

periods.

The importance of forested riparian habitat varies among species of headwater

stream amphibians. Although the presence of a 150-ft. forested band was important in

predicting the occurrence of Pacific giant salamanders, there was a relatively high

probability of occurrence for Pacific giant salamanders in the absence of a forested

band, suggesting that forested riparian areas may be less important for the conservation

of this species compared to other stream amphibians. Pacific giant salamanders are the

most abundant and widespread species of stream amphibian in Pacific Northwest

streams (Nussbaum et al. 1983, Blaustein et al. 1995). Because they often occur in

large streams with low canopy cover and more solar insolation, they apparently are

capable of tolerating relatively high ambient and stream temperatures. Furthermore,

the probability of occurrence of metamorphosed tailed frogs and torrent salamanders in
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stream sections with forested bands >150 feet in width also was not much higher than

the probability of occurrence in stream sections without forested bands. Because these

species are rare and patchily distributed, however, even small changes in the odds of

occurrence may affect a population dramatically. I argue that conservation approaches

for headwater stream amphibians should be based on effects of riparian vegetation as

well as the distribution of each species.

At intermediate and sub-drainage scales, variables related to the geophysical

characteristics of streams or drainages were important for all taxa except

metamorphosed tailed frogs (Table 28). Gradient was strongly weighted for Pacific

giant salamanders and torrent salamanders at the intermediate scale. Corn and Bury

(1989) found higher densities of Pacific giant salamanders and southern torrent

salamanders in logged streams with high gradients than in those with low gradients and

hypothesized that high stream gradients mitigate the effects of logging (e.g., increased

sediment loads) by facilitating transport of fine sediments downstream. Because I did

not include an interaction term between gradient and forested band at this scale, it is

uncertain if the effect of gradient depends on surrounding forest conditions. However,

gradient never occurred in the best sets of models for Pacific giant salamanders or

torrent salamanders without the forested band variable, which suggests that both

variables should be considered when assessing the value of stream habitat for these

species.

Southerly aspect (measured by heat load index) was negatively related to the

occurrences of Pacific giant salamanders and larval tailed frogs at the intermediate and

sub-drainage scales. Since streams that are generally south-facing receive more solar
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radiation than do north-facing streams, the influence of southerly aspects on stream

microclimate and vertebrate communities may be larger when stands adjacent to

streams have been harvested and riparian vegetation has been removed. The effect of

aspect may have been especially important for larval tailed frogs which do not tolerate

high stream temperatures (de Vlaming and Bury 1970, Brown 1975). At the sub-

drainage scale, the interaction between heat index and the proportion of young forest

(<15 years old) in a sub-drainage was the most highly weighted variable for larval

tailed frogs, suggesting the effect of age class depends on the aspect of the sub-

drainage. Several recent studies have also found positive associations between stream

amphibian occurrence and northerly facing aspects (Diller and Wallace 1996, 1999,

Wilkins and Peterson 2000).

Amphibian Distributions in Drainages

Similar species distributions were described by habitat models at the sample

unit, intermediate, and sub-drainage scales, suggesting that amphibian responses at one

scale are consistent with findings at other spatial scales. For example, wider, lower

elevation streams (sample unit scale) generally have lower gradients (intermediate and

sub-drainage scales) and occur in the drainage network in larger sub-basins (sub-

drainage scale). The likelihood of finding Pacific giant salamanders and larval tailed

frogs was greater in wider streams (sample unit scale), with lower gradients (Pacific

giant salamanders: intermediate and sub-drainage scales) or with larger sub-drainages

(larval tailed frogs: sub-drainage scale; Table 28). Conversely, metamorphosed tailed
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frogs and torrent salamanders were more likely to occur in higher elevation streams

(sample unit scale) with higher gradients (torrent salamanders: intermediate scale) in

smaller sub-drainages (sub-drainage scale).

The occurrence of larval tailed frogs in larger streams and adults in smaller

streams has been documented in other studies (Hunter 1998) and may be explained by

the breeding ecology of the tailed frog. Because tailed frogs apparently do not have a

voice and males caimot attract or locate females to mate by calling (Stebbins and

Cohen 1995), adults may move upstream to smaller, higher elevation streams to

congregate during the breeding season (Kelsey 1995). Females are thought to oviposit

further downstream early the following summer, and hatchlings and tadpoles drift or

are washed further down the stream network (Metter 1964, Daugherty and Sheldon

1982). Tadpole distribution downstream may depend on the thermal preferences of the

different age classes of tadpoles, with second-year tadpoles occupying warmer stream

reaches than younger tadpoles (de Vlaming and Bury 1970). Metamorphosed juveniles

may eventually move upstream to smaller headwaters (Metter 1964, Daugherty and

Sheldon 1982).

Although Pacific giant salamanders have been found throughout stream

networks, researchers have found that occurrence or abundance of Pacific giant

salamanders is positively associated with factors related to stream size, such as depth

and sub-drainage area (e.g., Hunter 1998). In general, this species has broader habitat

requirements than other stream amphibians and may be able to tolerate the greater

temperature extremes that may exist in wider streams with less canopy cover

(Nussbaum et al. 1983).
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Distribution of torrent salamanders is likely explained by their respiratory

biology. Torrent salamanders have very reduced lungs and breath primarily through

their skin (Stebbins and Cohen 1995). To respire efficiently, they require cold, highly

oxygenated water, which is generally found in high elevation, high gradient streams

(Nussbaum et al. 1983). Positive associations between torrent salamanders and this

type of habitat have been described in other studies (Nussbaum and Tait 1977, Diller

and Wallace 1996, Welsh and Lind 1996).

Results on torrent salamander distribution at the sub-drainage scale may help

explain results at the broadest spatial scale. At the drainage scale, the null model,

which included only an intercept term, was the best model for predicting torrent

salamander occurrence. At the sub-drainage scale, however, analysis with the same

variables produced a set of models that were much better than the null model. Analysis

of relationships at scales broader than the sub-drainage may not be useful because

torrent salamanders are rarer and more restricted in their distribution than other stream

amphibian species. Alternatively, torrent salamanders may not respond to

characteristics measured at broader scales.

Conclusions and Management Implications

At all spatial scales, the combined influences of habitat structure and

geophysical location were important in determining amphibian occurrence. In most

cases, the importance of these variables could be related to known life-history

requirements including presence of cover, minimal sedimentation, cool, moist
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environments, and habitat for foraging, movement, or dispersal. Results at fine spatial

scales appear to reflect biological constraints on individuals (e.g., low levels of fine

sediments) whereas those at broader scales reflect biological constraints on populations

(e.g., forested ripanan areas that moderate stream microclimate) or environmental

constraints on populations (e.g., cooler aspects). Responses at one scale are consistent

with results at another scale (e.g., amphibian distributions) because individuals are

responding to a condition at fine scales while populations respond similarly at broader

scales.

The finding with the most significant management implications in this study

was that the presence of forested bands at least 150 ft. in width or the proportion of

stream length with forested bands at least 150 ft. in width was important at the

intermediate, sub-drainage, and drainage scales. Forested bands may help moderate

stream microclimates or serve as habitat for dispersal and movement along streams.

However, it is unclear from this study whether narrower bands would be as effective in

predicting the occurrence of stream amphibians or if some management activities in

riparian areas, such as thinning, would impact the stream amphibian community.

Additional studies on the influences of the amount of forested habitat in riparian areas

on stream amphibians are underway and are necessary before management

prescriptions related to riparian buffer width should be applied using findings in this

study.

The regular occurrence of torrent salamanders and metamorphosed tailed frogs

in very small streams and sub-drainages suggests that protecting habitat in these small

streams is especially critical since these are species of concern in Oregon. Currently, a
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one tree height buffer is required on intermittent streams on federal land (Thomas

1993), and only water protection standards must be met on small non fish-bearing

streams on non-federal lands (Oregon Department of Forestry 2001). Disturbance of

forest stands close to streams may result in short-term sediment inputs and may impact

microclimate of streams (Brown and Krygier 1970, Beschta et al. 1987) and riparian

areas (Brosofske et al. 1997, Dong et al. 1998, Chen et al. 1999). Forest management

activities that increase sedimentation or stream temperatures by removing riparian

vegetation around small streams should be minimized if a goal is to reduce potential

negative effects of management activities on tailed frogs and torrent salamanders in

particular. One approach that has been suggested to achieve this is to retain blocks of

land around streams where torrent salamanders occur and metamorphosed tailed frogs

may congregate (Bury and Corn 1988b). Based on this study, these species are most

likely to occur at high elevations in small, steep, sub-drainages that have forested

riparian areas 150 ft. in width on each side of the stream.

Aspect of a stream or sub-drainage should be considered when planning the

location of management activities when protection of habitat for stream amphibians is

a concern. In this study, heat load index was particularly important at the intermediate

spatial scale for larval tailed frogs and Pacific giant salamanders, usually in concert

with the presence of a forested band along the stream. The aspect of the stream or sub-

drainage could help identify where these species were most likely to persist if logging

upsiope were to occur (relatively wide with northerly aspects), and forested bands

could be retained along these streams to protect riparian corridors in which

metamorphosed tailed frogs may forage or along which they may move. In general,
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harvest on aspects that receive less solar radiation may have less of an impact on

stream amphibian communities. This hypothesis is consistent with findings of other

studies on headwater stream amphibians (Hunter 1998, Sutherland and Bunnell 2001),

but should be tested directly through experimental studies.

Results from recent studies suggest that basaltic streams should have higher

priority for protection since amphibian abundances were greater in these streams

compared to sedimentary streams (Wilkins and Peterson 2000). However, this

criterion has minimal applicability in much of the Oregon Coast Range where

sedimentary geology is widespread. Instead, as this study suggests, management-

related variables are effective and can be used to predict the occurrence of stream

amphibians and aid in the development of appropriate management techniques at

broader spatial scales.

In addition to corroborating previous research findings on amphibian habitat

relationships (e.g., substrate, stream width, elevation), this study provides new insights

on linkages between amphibian responses across spatial scales and also demonstrates

that landscape scale variables (e.g., the presence of a forested band or the percentage of

forested stream length) can be used to assess management approaches and habitat

suitability for stream amphibian communities. Furthermore, findings from this study

can be used to facilitate determination of conservation emphasis areas or less sensitive

sites for management. To increase our understanding of ecological relationships across

scales, the influences of broad-scale variables on amphibian responses at finer spatial

scales should be investigated further. Additional study regarding alternative



management activities (e.g., thinning) would also refine management prescriptions

based on this study.

Scope of Inference

Statistical inference from this study can be extended to the original population

of potential study sites on BLM land in the Oregon Coast Range north of the Siuslaw

River since study sites and sample points were randomly chosen from this population

of drainages. Because the range of management conditions and disturbance histories

likely to be found on private and other public land in the central and northern Oregon

Coast Range was represented in this study, my results likely also apply to amphibian

populations in streams on these ownerships. My findings on stream amphibian

distributions and habitat relationships are similar to those of other studies conducted in

different regions (Diller and Wallace 1996, Hunter 1998, Bosakowski 1999, Sutherland

and Bunnell 2001), suggesting that similar habitat relationships would likely occur in

small drainages in northern California, the central Oregon and southern Washington

Cascades, and the Coast Range in British Columbia.

Seasonal differences may influence applicability of results from this study. I

only sampled during the summer months (June-early September) when precipitation

and stream levels were low and amphibians may have been concentrated in streams.

During wetter months, distributions of amphibians may change in the stream as water

levels rise, and metamorphosed amphibians likely use riparian and upslope habitats

69
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more often to forage or disperse. Management recommendations from this study may

therefore be conservative with regard to width of forested bands in riparian areas.

Research Needs

This study highlights the importance of stream and riparian structure for

predicting amphibian occurrence. Basic information on the biology and ecology of

stream amphibian species would shed more light on the importance of these habitat

variables and is still lacking. For example, the reproductive habits and patterns of

movement of Pacific giant salamanders, tailed frogs, and torrent salamanders are

poorly known. Only a few nests of torrent salamanders (Nussbaum 1969, Karraker

1999, Russell et al. 2002) and tailed frogs (Adams 1993, Karraker and Beyersdorf

1997) have been described. Also, few studies have examined amphibian movement or

dispersal patterns of amphibians. Additional information on reproduction and dispersal

of headwater stream amphibians would help clarify the influence of substrate

composition on the availability of refugia and oviposition sites, and the role of forested

riparian areas in foraging and dispersal. Information on nest sites and movement

patterns will help to identify areas of special concern, such as seep habitats, and

appropriate buffer requirements on headwater streams. More attention to the

morphology, tree species composition, and functional width of the riparian area around

streams would be help to understand the linkages between riparian areas and the health

of stream habitat for aquatic amphibians.
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Most studies that have examined the influences of forest management activities

on stream amphibians have compared communities in streams surrounded by different

ages of forests, from very young plantations to old-growth forests (Bury and Corn

1988b, Corn and Bury 1989, Welsh 1990, Bull and Carter 1996, Diller and Wallace

1999). Few studies have explicitly examined the effects of buffer width on amphibian

communities (Kelsey 1995, Olson et al. 2000, Vesely and McComb 2001). Additional

efforts are needed to assess the efficacy of riparian buffers of different widths in

protecting stream amphibians in particular.

Wildlife responses and explanatory variables intended to explain the responses

are often measured at different spatial scales. Forest management is conducted at the

stand scale, but the combined effect of this management over drainages and watersheds

may differ from the effect measured at finer spatial scales. Additional studies that

measure amphibian responses and explanatory variables across scales, and randomly

select both study sites and sample plots are necessary to identify patterns of amphibian

occurrence and distribution in other parts of the PNW. I chose spatial scales postulated

to be meaningful in describing amphibian microhabitat (sample unit), or scales that

were closely tied to the implementation of forest management practices (intermediate,

sub-drainage, drainage). However, other spatial scales might be more useful in

quantifying some aspects of variability in the stream amphibian community. For

example, longer sample units that include different habitat types might better

encompass variability in the occurrence of patchily distributed species.
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APPENDIX A. DESCRIPTION OF STUDY DRAINAGE LOCATIONS AND TOPOGRAPHIC CHARACTERISTICS.

Table A-i. Location of study drainages by hydrologic unit code (HUC) classification and Legal description. All drainages are
located in the Pacific Northwest region.

a See Figure 1 for map of study drainages by ID number.
b See Figure 1 for map 0f4th Field Watersheds.

00

ID#a Drainage Name Sub-region Basin
Sub-basin

(4th Field WS)b
Watershed

(5th Field WS) Legal description

1 Fan OR-WA Coastal N. OR Coastal Wilson-Trusk-Nestucca Nestucca River 3N-6W-30, 3N-7W-24

2 Nestucca OR-WA Coastal N. OR Coastal Wilson-Trusk-Nestucca Nestucca River 3N-7W-35

3 Willaminal Willamette Willamette Yamhill Willamina Creek 4N-6W-6/7; 4N-7W-1/ 12

4 Willamina2 Willamette Willamette Yamhill Willamina Creek 4N-6W-7; 4N-7W-12

5 Fall OR-WA Coastal N. OR Coastal Alsea Lower Alsea River 1 3N-8W-6

6 Sulman OR-WA Coastal N. OR Coastal Alsea Lower Alsea River 1 4N-8W-22/27

7 Bummer OR-WA Coastal N. OR Coastal Alsea Upper Alsea River 14N-7W-3 1, 1 5N-7W-6/7

8 Rock2 OR-WA Coastal N. OR Coastal Alsea Upper Alsea River 1 5N-7W-4/5

9 Bean OR-WA Coastal N. OR Coastal Alsea Five Rivers/Lobster Creek 1 5N-8 W-1 6/17/21

10 Jones Willamette Willamette Upper Willamette Long Tom River 1 6N-6W-9

11 Bear2 OR-WA Coastal N. OR Coastal Siuslaw Deadwood Creek 16N-8W-21

12 Lake OR-WA Coastal N. OR Coastal Siuslaw Lake Creek 1 6N-8W-25/26

13 Pugh OR-WA Coastal N. OR Coastal Siuslaw Upper Siuslaw River 1 9N-8W- 1/2

14 Luyne OR-WA Coastal N. OR Coastal Siuslaw Upper Siuslaw River 1 9N-7 W-1 5

15 Dogwood OR-WA Coastal N. OR Coastal Siuslaw Upper Siuslaw River 1 9N-6W-2 1

16 Clay OR-WA Coastal N. OR Coastal Siuslaw Upper Siuslaw River 1 9N-7 W-3 1



Table A-2. Topographic and geological characteristics of study drainages.

a See Figure 1 for location of study drainages by ID number
b Ty=Yamhill Formation (upper and middle Eocene)
Ti=Mafic Intrusions (Oligocene)
Tss=Tuffaceous Siltstone and Sandstone (upper and middle Eocene)
Tsr=Siletz River Volcanic (middle and lower Eocene and Paleocene)
Tt=Tyee Formation (middle Eocene)

Drainage ID Mgmt. Area Elevation (m) Aspect Geology
Intensity Surface

ID# Drainage Name Category Hectares Acres Max. Mm. Range Degrees Ordinal Geologyb Rock Type

1 Fan low 140.6 347.5 902 366 536 315 NW Ty,Ti,Tss Sedimentary/Volcanic

2 Nestucca moderate 114.0 281.7 807 435 372 335 N Ty,Ti,Tsr Sedimentary/Volcanic

3 Willaminal high 178.3 440.7 803 317 486 100 E Tsr,Tss Sedimentary/Volcanic

4 Willamina2 moderate 93.8 231.8 807 315 492 100 E Tsr,Tss Sedimentary/Volcanic

5 Fall moderate 139.6 344.9 711 237 474 150 SE Tt,Ti Sedimentary/Volcanic

6 Sulman low 119.4 295.0 306 105 201 340 N Tt Sedimentary

7 Bummer low 110.3 272.6 833 289 544 360 N Tt Sedimentary

8 Rock2 low 108.6 268.4 982 341 641 360 N Tt,Ti Sedimentary/Volcanic

9 Bean moderate 148.0 365.8 598 217 381 90 E Tt Sedimentary

10 Jones high 197.4 487.9 406 208 198 180 S Tt,Ti Sedimentary/Volcanic

11 Bear2 low 185.4 458.2 507 174 333 280 W Tt Sedimentary

12 Lake high 194.3 480.1 700 179 521 150 SE Tt Sedimentary

13 Pugh moderate 151.5 374.3 442 138 304 175 S Tt Sedimentary

14 Luyne high 185.7 458.9 502 158 344 140 SE Tt Sedimentary

15 Dogwood high 94.1 232.4 480 194 286 215 SW Tt Sedimentary

16 Clay low 138.7 342.6 484 204 280 10 N Tt Sedimentary
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APPENDIX B. DEFINITIONS OF ROCK SuBSTRATESa AND HABITAT
TYPESb.

Term Definition

Silt Substrate <1 mm across longest axis.

Sand Substrate 1-2 mm across longest axis.

Gravel Substrate 2-32 mm across longest axis.

Pebble Substrate 32-65 mm across longest axis.

Cobble Substrate 65-256 mm across longest axis.

Boulder Substrate ?256 mm across longest axis.

Bedrock Solid rock underlying unconsolidated surface materials.

Riffle Fast, turbulent, shallow flow over submerged or partially
submerged gravel and cobble substrates. Often with 5-15%
of surface area with white water. Generally broad, uniform
cross section. Low gradient, usually 0.5-2% slope, rarely up
to 6%.

Pool Water surface slope usually zero, not more than 5%. Small
width to depth ratio. Non-turbulent. Often good visibility.

Glide An area with generally uniform depth and flow with no
surface turbulence. Low gradient, 0-1%. Overall
homogeneity and lack of structure. Generally deeper than
riffles with few major flow obstructions and low habitat
complexity.

a Definitions from Lane (1947).
b Adapted from Moore et al. (1999).

Cascade Fast, turbulent flow; Often much exposed substrate
composed of boulders, large cobbles, bedrock or logs; many
hydraulic jumps, strong chutes, and eddies; 30-80% white
water. High gradient, usually 3.5-10% slope, sometimes
greater.



APPENDIX C. DESCRIPTION OF SPATIAL DATA LAYERS USED IN THE
ANALYSIS.

Data Layer Source, description, and reference

Digital Elevation Model Sources:
(DEM) Managed by: Coastal Landscape Analysis and Modeling

Study (CLAMS)
Produced by: AverStar, Inc.
Description: Digital representations of cartographic
information in a raster form. DEM' s consist of a
sampled array of elevations for a number of ground
positions at regularly spaced intervals. Digital data files
are produced by the USGS and are based on USGS 7.5
maps. lOm-resolution DEM's were used for this study.
References: http://www.fsl.orst.edulclams/;
http://www.averstar.com/;
http://edc.usgs.gov/glis/hyper/guide/usgs_dem

83

Watersheds Source: created data layer
Description: Polygon data layers of 702 sub-watersheds.
Watersheds were delineated in Arc/Info GRID by
creating maps based on a 10-m DEM using the
FLOWDIRECTION, FLOWACCUMULATION and
WATERSHED algorithms. Watershed area was
calculated based on the number of cells that "flowed"
through a particular point. These "pour points"
represented 702 sample unit locations. Original measure
in meters squared was converted to hectares. Sub-
watershed and watershed areas based on this data layer
were intersected with the P01, HYD, STREAMS, and
GTRN data layers to obtain study variables.

Forest Operations Source: Bureau of Land Management (BLM)
Inventory (FOl) Description: This data layer describes forest cover

(vegetation) and land use management attributes within
Forest Operations Inventory units (polygons) such as site
class, denudation cause, dominant species, understory
species, treatments, age class, and stand condition. Only
the age class attribute was used in this analysis.
Reference: http ://www.or.blm.gov/gis/gsd/gsdindex.html
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Appendix C. Continued.

Data Layer Source, description, and reference

Hydrology (HYD)

Streams, Linear Features
(STREAMS)

Ground Transportation
Roads and Trails (GTRN)

Source: Bureau of Land Management (BLM)
Description: This data layer shows the hydrologic
features such as streams and the presence or absence of
major game fish species located on BLM-managed lands
in the Western Oregon BLM districts.
Reference: http://www.or.blm.gov/gis/gsd/gsdindex.html

Source: Bureau of Land Management (BLM)
Description: This data layer consists of line features such
as streams and includes the presence or absence of fish
species as attributes. The layer is derived from various
sources. Creation by watershed began in 1997, and is
still in progress.
Reference: http://www.or.blm.gov/gis/gsd/gsdindex.html

Source: Bureau of Land Management (BLM)
Description: GTRN is a subset of the transportation data
layers. GTRN consists of the linear data for the
transportation themes. This theme provides a graphic
portrayal of the transportation network for Oregon and
Washington. This includes data originally captured in
the WODDB TRB theme, USGS DLGs and USFS CFFs.
Road lengths were calculated by summing segment
lengths by a road ID attribute, then intersecting these
roads with the watershed polygons.
Reference: http://www.or.blm.gov/gis/gsd/gsdindex.html



APPENDIX D. DESCRIPTION OF HABITAT VARIABLES MEASURED BUT

NOT USED IN FINAL ANALYSIS.

Characteristics that were measured but were not included in the final analysis

include sample unit gradient, water temperature, air temperature, stream depth, side

slope, azimuth of flow, dominant herbaceous, shrub, and canopy species, and condition

of surrounding stand. Surrogates for some of these characteristics were measured

using a GIS. Water temperature measurements were unreliable for an indeterminate

number of sample units because two thermometers were defective. Rather than

reducing the sample size for this spatial scale by using only reliable water temperature

measurements, I chose to remove this variable from the analysis. However, water

temperature can be an important predictor of amphibian occurrence (Hunter 1998).

Also, larval tailed frogs are known to survive only under a relatively narrow

temperature range (de Viaming and Bury 1970, Altig and Brodie 1972).
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APPENDIX E. SAS CODE TO CALCULATE AIC VALUES, AAIC, AND CHECK
RESIDUALS FOR MODEL FIT. ADAPTED FROM SAS CODE WRITTEN BY
MANUELA HUSO AND LISA GANIO, DEPT. OF FOREST SCIENCE, OREGON
STATE UNIV.

*RUN GLOBAL MODEL TO CHECK FOR OVERDISPERSION AND FIT;

options ls=80 ps=60;

proc genmod data=drainvar;
class drain Idite aastr lastr rhsp;

model aastrsumldrsutot = <15/>15 roads buffer slope>60 I link=logit dist=bin type3;

ods output Modelfit=modfit;

proc print;
run;

I********************************************************************

IF SCALE PARAMETER IS LESS THAN 1--NO OVERDISPERSION, IF 1.0-3
CONSIDER DISTRIBUTION AS BINOMIAL WITH OVERDISPERSION AND
INCLUDE SCALE PARAMETER, IF MORE THAN 3 DISTRIBUTION CANNOT
BE CONSIDERED BINOMIAL, TRANSFORM RESPONSE AND CHECK IF
NORMAL DISTRIBUTION WORKS

I********************************************************************

run this code to DELETE modfit modfit2 qaicc qaicc2 minqaicc (TEMP FILES)
BEFORE RERUNNING THE MACRO

proc datasets library=work;
delete modfit modfit2 qaicc qaicc2 minqaicc;
run;

I*******************

CALL THE MACRO
*******************I

%macro aic(modid, xvar);

options ls=80 ps=60;



TITLE "Model, &MODID, &XVAR";
TITLE2 'DRAINAGE SCALE';
TITLE3 'AASTR B[NOMIAL DISTRIBUTION';

proc genmod data=drainvar;
class drain Idite aastr lastr rhsp;

USE THIS FORMAT TO MODEL AS BINOMIAL WITH EXTRABINOMIAL
VARIATION (OVERDISPERSION) THE SCALE PARAMETER WAS OBTAINED
FROM RUNNING THE GLOBAL MODEL
*********************************************************************I

model aastrsumldrsutot = &XVAR / link=logit dist=bin type3 noscale
scale=1 .761874002;

I********************************************************************

USE THIS FORMAT TO MODEL AS NORMAL DISTRIBUTION RESPONSE
WAS EMPIRICAL LOGIT TRANSFORMED
*********************************************************************/

* model lnaastr = &XVAR / link=identity dist=normal type3;

ods output Modelfit=modfit;

run;

data modfit2;
set modfit;
length model $60 modelid $3;
model="&XVAR";
modeldflag(d;
modelid="&MODID";
loglike=value;
if criterion'Log Likelihood';
K= 1 6-modeldf+ 1;
QAICC=(2*(1oglike))+(2*K)+((2*K*(K+ 1 ))/( 16-K-i));
keep QAICC loglike K modelid model;

run;

/*APPEND EACH MODEL'S ESTIMATE TO A BASE FILE *1

proc append data=modfit2 base=qaicc force;
run;
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%MEND;

NOTE: QAICC IS A VARIATION OF AIC AND IS USED WHEN SAMPLE SIZES
ARE SMALL AND THERE IS OVERDISPERSION;
********************************************************************I

I********************

CALL THE MACRO

%aic(1,);
%aic(2, roads);
%aic(3, 15/>l5);
%aic(4, buffer);
%aic(5, slope>60);
%aic(6, 15I>15 roads);
%aic(7, roads buffer);
%aic(8, roads slope>60);
%aic(9, il5I>l5 buffer);
%aic(1O, 15/>15 slope>60);
%aic(1 1, buffer slope>60);
%aic(12, 15/>15 roads slope>60);
%aic(13, 15/>15 roads buffer);
%aic(14, roads buffer slope>60);
%aic( 15, 1 51>15 buffer slope>60);
%aic(16, 15I>15 roads buffer slope>60);

proc print data=qaicc;
run;

CALCULATE DELTA-QAICC
****************************I

Titlel "Delta QAICC";
Title2 'DRAINAGE SCALE FOR AASTR';
Title3 'BINOMIAL DISTRIBUTION';

proc means data=qaicc;
var QAICC;
output out=minqaicc min=min;
proc sort data=qaicc;



by modelid;
run;

data qaicc2;
set qaicc;
if_N_=l then set minqaicc;
retain mm;
set qaicc;
deltqaic=QAICC-min;
run;

proc sort data=qaicc2;
by deltqaic;
run;

proc print data=qaicc2;
var modelid model k loglike qaicc deltqaic;

run;

I********************************************************************
CHECK RESIDUALS FOR FIT, NEED FOR TRANSFORMING VARIABLES, OR
ASSUMPTIONS OF THE DISTRIBUTION

%MACRO RESCHECK(modid, xvar);

options ps=85 ls= 120;

TITLE "Model, &MODID, &XVAR";
TITLE2 'DRAINAGE SCALE residuals for AASTR';
TITLE3 'BINOMIAL DISTRIBUTION';

proc genmod data=drainvar;
class drain ldite aastr lastr rhsp;
*IF MODELING AS BINOMIAL WITH OVERDISPERSION;

model aastrsumldrsutot = &XVAR / link=logit dist=bin type3 noscale
scale=1 .76 1874002 obstats;

*IF MODELING AS NORMAL AFTER TRANSFORMING RESPONSE;

*model lnaastr = &XVAR / link=identity dist=normal type3 obstats;
modelid="&MODID";

89
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ods output obstats=obstats2;
run;

PROC PLOT DATA=obstats2 vpercent=50;
PLOT streschi*(PRED &XVAR)Ivref=0;

RUN;

%MEND;

** ** * ** ** * ****** *

CALL THE MACRO
*******************/

%rescheck( 1,);
%rescheck(2, roads);
%rescheck(3, 1 51>15);

%rescheck(4, buffer);
%rescheck(5, slope>60);
%rescheck(6, 15I>15 roads);
%rescheck(7, roads buffer);
%rescheck(8, roads slope>60);
%rescheck(9, 1 51>15 buffer);
%rescheck(10, 15I>15 slope>60);
%rescheck( 11, buffer slope>60);
%rescheck(12, 1 51>15 roads slope>60);
%rescheck(13, 15I>15 roads buffer);
%rescheck( 14, roads buffer slope>60);
%rescheck( 15, 1 51>15 buffer slope>60);
%rescheck(16, 15/>15 roads buffer slope>60);

proc print data=obstats2;
run;
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APPENDIX F. EXPLORATORY ANALYSIS OF RELATIONSHIPS AT SAMPLE
UNIT SCALE THAT INCLUDES PACIFIC GIANT SALAMANDER (DITE) AS AN
EXPLANATORY VARIABLE.

Introduction

I conducted an exploratory analysis at the sample unit spatial scale in which I

included the occurrence of Pacific giant salamanders as a categorical explanatory

variable (DITE, Table F-i). Although recent work suggests that torrent salamanders

may be relatively unpalatable to Pacific giant salamanders (Rundio and Olson 2001),

others have reported that most stream amphibians are potential prey items for Pacific

giant salamanders (Nussbaum et al. 1983, Parker 1994). If other amphibian species

either avoid stream reaches occupied by Pacific giant salamanders or compete with

Pacific giant salamanders for resources such as space, cover, or food, then the

occurrence of a Pacific giant salamander may influence the occurrence of another

amphibian species.

DITE was included only when an interaction term between DITE and another

habitat component were also in the model because the occurrence of Pacific giant

salamander may be a surrogate for one or more habitat variables. I included an

interaction of DITE and the substrate variable substrate because I felt the DITE effect

could depend on the availability of sufficient cover objects for other amphibians in the

sample unit. Similarly, I included an interaction term between DITE and undercut

bank, and DITE and the habitat type variable slow/fast. Pacific giant salamanders have

been associated with pool habitat in some studies (Wilkins and Peterson 2000).

Therefore, if enough "fast water" habitat is available, other species may not be
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influenced by the presence of Pacific giant salamanders. Neither the DITE variable nor

the interaction terms including DITE were included in any models where the response

involved the occurrence of finding a Pacific giant salamander. Two-hundred and thirty

models were compared in this analysis. The analytical approach is described in the

"Methods" section (p. 7).

Table F-i. Description of additional variables included in exploratory analysis at
sample unit scale (2 m) that included DITE. All other variables are described in
Table 2.

Variable Description

DITE

DITE*substrate

DITE*slow/fast

DITE*undercut

Larval Tailed Frogs: Results

In the set of habitat models used to predict the occurrence of larval tailed frogs

that included Pacific giant salamander (DITE) as an explanatory variable, there was

only one model with AAIC<2 (Table F-2). The interaction terms between DITE and

substrate and DITE and slow/fast had the highest importance values (Table F-3). For

ratios of fine to coarse substrates of 1:3, 1:1 and 3:1 in sample units with at least one

Pacific giant salamander, the odds of finding a larval tailed frog were 3.41

Presence of one or more Pacific giant salamanders in the
sample unit. Recorded during amphibian search in the sample
unit.

DITE*substrate interaction

DITE*slow/fast interaction

DITE*undercut interaction.
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Table F-2. Logistic regression models including DITE variables for predicting larval
tailed frog occurrence at the sample unit (fine) spatial scale. Only models with
AAIC<2 are presented. Models (rows) are ordered by increasing AAIC values. X's
indicate that a variable occurred in a model. Variables are shown in order of
descending variable importance weights. "K" represents the number of parameters in a
model.

(95% CI=1.18 to 6.44), 2.30(95% CI=1.34 to 3.97), and 1.55 (95% CI =0.70 to 3.46)

times greater than the odds of finding a tadpole in a sample unit with no Pacific giant

salamanders. The odds of finding a larval tailed frog in the presence of DITE do not

become lower than in the absence of DITE until the amount of fine sediment is

approximately ten (10.27) times the amount of coarse sediment (oddsl.00, 95%

CI=0.28 to 3.49). For ratios of slow to fast water of 1:3, 1:1 and 3:1 in sample units

with at least one Pacific giant salamander, the odds of finding a larval tailed frog were

2.38 (95% CI=2.03 to 2.79), 2.30 (95% CI=2.06 to 2.57), and 2.23 (95% CI=1.68 to

2.94), times the odds of finding a tadpole in a sample unit without Pacific giant

salamander. The effect does not change dramatically when the slow/fast water ratio is
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0:1 (all coarse substrate; odds=2.65, 95% CI=1.23 to 5.74) or 1:0 (all small substrate;

odds=2.00, 95% CI=0.81 to 4.93). The null model was 219th out of 230 models

(AAIC=87. 12).

Table F-3. Normalized importance weights for variables measured at the sample unit
spatial scale. Models included Pacific giant salamander or interactions with Pacific
giant salamander as explanatory variables. Variables are ordered by the mean of the
importance weights for each variable (mean variable weights).

Metamorphosed Tailed Frogs: Results

Only the interaction of DITE and substrate had an importance weight of >0.20

(Table F-3), but elevation was in the model with the lowest AAIC value and in each of

the models in the set of best models (Table F-4). Based on model 1 (Table F-4), for

ratios of fine to coarse sediments of 1:3, 1:1 and 3:1 in sample units with at least one

Variable
larval tailed

frogs
metamorphosed

tailed frogs
torrent

salamanders
mean

variable wt.
DITE*substrate 0.33 0.36 0.19 0.29

DITE*slow/fast 0.19 0.04 0.17 0.13

elevation 0.02 0.15 0.16 0.11

DITE 0.14 0.16 0.15 0.15

substrate 0.10 0.13 0.09 0.11

slow/fast 0.06 0.02 0.06 0.05
DITE*undercut 0.05 0.02 0.04 0.04

width 0.07 0.04 0.04 0.05

overstory 0.01 0.02 0.03 0.02

undercut 0.01 0.01 0.03 0.02

cwd 0.01 0.02 0.03 0.02

shrub 0.01 0.02 0.02 0.02



Model
no. -

Variable

I
5 0.00 0.230 0.23 1.00

X 6 0.55 0.175 0.41 1.32

X 6 1.54 0.107 0.51 2.16

X 6 1.63 0.102 0.61 2.26
X 6 1.76 0.095 0.71 2.41

X X 7 1.85 0.091 0.80 2.52

c.\ C' 00
'.0 C

n -

Coefficient range
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Table F-4. Logistic regression models including DITE variables for predicting
metamorphosed tailed frog occurrence at the sample unit (fine) spatial scale. See Table
F-2 for a description of the table format.

>-
Cumul. Rel.

K AAIC w prob. wt.

Pacific giant salamander, the odds of finding a metamorphosed tailed frog were 3.53

(95% CI=1.15 to 10.81), 4.14(95% CI=1.56 to 11.03), 4.87(95% CI=1.10 to 21.67)

times greater than the odds of finding a tadpole in a sample unit without Pacific giant

salamanders. Even when the ratio was 0:1 (all coarse substrate), the odds of finding a

metamorphosed tailed frog in the presence of a Pacific giant salamander were higher

than the odds of finding a metamorphosed tailed frog in the absence of a Pacific giant

1 X X X X
2 X X X X
3 X X X X
4 X X X X
5 X X X X
6 X X X X
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salamander (odds ratio=2.11, 95% CI=.06 to 73.34). The range in size of effect for

elevation differed by 0.06 (1.76 to 1.82) in the set of models with AAIC<2. An

increase of 100 m resulted in a 1.76 times greater chance of finding a metamorphosed

tailed frog in a sample unit (95% CI=l .37 to 2.26). However, the probability of

occurrence of metamorphosed tailed frogs was very low. The null model for

metamorphosed tailed frogs was 142nd out of 230 models (AA1C36.9).

Torrent Salamanders: Results

The variables elevation and both interaction terms with DITE had similar

importance weights, although the interaction term between substrate and DITE was

closer to 0.20 (Table F-3). The second best model had the least number of variables

and included this term (model 2, Table F-5). For ratios of fine to coarse sediments of

1:3, 1:1 and 3:1 in sample units with at least one Pacific giant salamander, the odds of

finding a torrent salamander were 1.75 (95% C11 .09 to 4.82), 2.00 (95% C11 .14 to

3.52), and 2.29 (95% CI=0.89 to 3.43) times the odds of finding a torrent salamander in

a sample unit without Pacific giant salamanders with the same ratios of fine to coarse

sediments. Even when a sample unit contained only coarse sediments, the odds of

finding a torrent salamander in the presence of a Pacific giant salamander were slightly

higher than the odds of finding a torrent salamander in the absence of Pacific giant

salamanders (odds ratio= 1.13, 95% CI=0. 18 to 7.05). The null model for torrent

salamanders was out of 230 models (AA1C36.91).



Table F-5. Logistic regression models including DITE variables for predicting torrent
salamander occurrence at the sample unit (fine) spatial scale. See Table F-2 for a
description of the table format.

Discussion

The occurrence of an interaction term between DITE and substrate in the best

sets of models for tailed frog tadpoles, tailed frog adults, and torrent salamanders

suggests that there is an effect of DITE presence, but it depends on the amount of small

Variable

C,)

j) +
0* *

Model - H Cumul. Rel.
.-

X
X
X
X
X
X
X
X
X
t, --00c00-
Lr

Icoo
N N
00 - -

I I I

Coefficient range
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0 K AAIC w prob. wt.

X X 6 0.00 0.094 0.09 1.00

X 5 0.20 0.085 0.18 1.11

X X 7 0.33 0.080 0.26 1.18

X 5 0.48 0.074 0.33 1.27

X X 6 0.96 0.058 0.39 1.61

X X 6 0.98 0.058 0.45 1.64

X X 6 1.10 0.054 0.50 1.73

X X 6 1.29 0.049 0.55 1.90

X X 6 1.76 0.039 0.59 2.41

1 X X
2 X X
3 X X X
4 X X
5 X X
6 X X
7 X X
8 X X
9 X X
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substrate. However, this effect was similar across a range of low to high fine/coarse

substrate ratios and similar in the presence and absence of Pacific giant salamanders.

Although there may be some difference in the effect of DITE across a range of stream

substrate sizes, this relationship appears to be very weak.



APPENDIX G. MODEL RESULTS FOR ANALYSIS AT THE SUB-DRAINAGE
SCALE INCLUDING THREE AGE CLASS VARIABLES (l5I>l5, _<551>55,
>95I95).

At the sub-drainage scale, I also conducted an exploratory analysis in which I

included two additional ratiosyoung (0-5 5 year-old) forest to older (>55 year-old)

forest and old growth (>95 years old) forest to younger (95 year-old) forest (Table G-

1)to assess if a different combination of age classes was more meaningful in

Predicting amphibian responses. Interactions between these variables and gradient and

heat load index were also included. Therefore, two sets of models were examined at

the sub-drainage scale for each species or life stage, an "a priori" set of 126 models

that included only one age class variable (1 51>15), and an exploratory set of 264

models that included two additional age class variables (55I>55 and >95I95, Tables

G-2 to G-6).

The original age class variable 151>15 was as effective or more effective in

predicting the occurrence of amphibians than the two additional ratios. For Pacific

giant salamanders and torrent salamanders, analyses with one age class variable and

three age class variables resulted in identical sets of best models for each species. For

larval tailed frogs, the best model included the two additional variables, but the best

model from the analysis with only one age class variable was also included in the

results of the second set of analyses. These results suggest that my choice of variables

to define the proportion of a particular age class was appropriate. Only the prevalence

of the variable >95I95 in the set of models for the metamorphosed tailed frogs

99
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suggests that this variable may have been more useful in predicting the occurrence of

this species (Table G-4).

Table G- 1. Description of additional age class variables measured at the sub-drainage
scale.

Variables Description

>95I95 Natural log of the ratio of sub-drainage area >95 years old to
drainage area 95 years old. Measured in Arc/Info from BLM
FOl data layer.

<551>55 Natural log of the ratio of sub-drainage area between 0-55 years
old to sub-drainage area >55 years old. Measured in Arc/Info
from BLM FOI data layer.

>95/95 * gradient >95/<95 * gradient interaction

>95/<95*heatindex >95/<95 *heatjndex interaction

<ss/>ss*gradient <551>55 * gradient interaction

<551>55 *heatindex <551>55 *heatindex interaction



99 00
-

>
95

/9
5 

* 
gr

ad
ie

nt
<

55
/>

55
*g

ra
di

en
t

M
od

el
 n

o.
-t

 0
Q

1.
52

16
to

1.
58

64
<

 k
fo

re
st

ed
 b

an
d

1.
78

23
to

2.
02

15
sl

op
e>

60

-1
.0

08
7t

o-
1.

00
42

<
he

at
in

de
x

0
>

95
Ii

95
-0

.0
33

7
gr

ad
ie

nt
-t

<
_5

51
>

55
C

D
- 

C
D

>
95

I9
5 

*h
ea

tjn
de

x

0.
00

35
ar

ea

ro
ad

s
00

l 5
1>

15
*h

ea
tin

de
x

C
D

<
55

/>
55

 *
he

at
jn

de
x

l5
I>

15
C

D

15
/>

l5
*g

ra
di

en
t

-
-t



102

Table G-3. Logistic regression models (with three age class variables) for predicting
larval tailed frog occurrence at the sub-drainage spatial scale. See Table F-2 for a
description of the table format.

Variable

.- c, c c'
;- ;-

- - -
* * * * * *

If kj (f Lf .) If) If) If) If) If)
L/ (I) C" .- ' C ' AAAVIA VIAAVIA Cumul.Rel.- -If) If) r

C AAIC w prob. wt.VI VI A VI A VI o VI A vi K

1 X X X X X 6 0.00 0.248 0.25 1.00

2 X X X X X 6 0.80 0.167 0.42 1.49

3 X X X X 5 0.96 0.154 0.57 1.61

4 X X X X 5 1.00 0.151 0.72 1.65

rNOC- N
00- - - - 00
-

C C I

-. - C4-.

Coefficient range



ob
ob

4c
P

P
2P

9
-

-

>

C
D

M
od

el
 n

o.
C -t

C
D

C
D

0.
32

80
 to

 0
.4

06
0

>
95

/9
5

cç
)

-0
.0

37
8 

to
 -

0.
03

 1
6

>
95

/<
95

*g
ra

di
en

t
55

/>
55

O
C

D
O

1.
07

51
 to

 2
.1

33
7

fo
re

st
ed

 b
an

d
-0

.2
28

5
15

I>
15

- 
=

.

<
55

/>
55

* 
gr

ad
ie

nt

-0
.0

07
4 

to
 -

0.
00

72
ar

ea
C

D

_a C
D

.

-0
.0

35
3 

to
 -

0.
0 

14
2

gr
ad

ie
nt

-l-
()

0
0o

1.
30

50
-1

.3
 8

58

ro
ad

s
sl

op
e>

60
C

D

p

15
I>

15
*g

ra
di

en
t

C
D

15
/>

l5
*h

ea
tin

de
x

he
at

in
de

x
C

D

>
95

/(
95

 *
he

at
in

de
x

C
D

C
D

<
55

1>
55

 *
he

at
in

de
x



-0
.4

08
0

-0
.0

28
 1

 to
 -

0.
02

65
-0

.1
63

 1
 to

 0
.0

13
5

0.
84

25
 to

 0
.9

35
3

-1
.4

70
0 

to
 -

0.
58

78

0.
53

55

PP
PP

0Q
99

M
od

el
 n

o.
15

/>
15

*h
ea

tin
de

x
ar

ea
<

15
/>

15
fo

re
st

ed
 b

an
d

55
/>

55
he

at
in

de
x

>
95

/9
5

15
I>

l5
*g

ra
di

en
t

ro
ad

s
<

55
1>

55
 *

he
at

jn
de

x

gr
ad

ie
nt

sl
op

e>
60

>
95

/<
95

 *
he

at
jn

de
x

<
55

7>
55

* 
gr

ad
ie

nt

>
95

1<
95

* 
gr

ad
ie

nt

>



Table G-6. Normalized importance weights for variables (including three age class
variables) measured at the sub-drainage spatial scale. Variables are ordered by the
mean of the importance weights for each variable (mean variable weights).

105

Pacific giant larval metamorphosed torrent mean

Variable salamanders tailed frogs tailed frogs salamanders variable wt.

>95I95 0.13 0.15 0.25 0.06 0.15

forested band 0.20 0.10 0.09 0.13 0.13

<55/>55 0.06 0.18 0.10 0.10 0.11

area 0.05 0.10 0.05 0.16 0.09

heatindex 0.16 0.09 0.02 0.06 0.08

15/>l5*heatindex 0.02 0.11 0.02 0.18 0.08

l5/>l5 0.01 0.03 0.06 0.15 0.06

slope>60 0.19 0.02 0.02 0.02 0.06

>951<95*gradient 0.00 0.00 0.22 0.00 0.06

<55/>55*heatindex 0.02 0.17 0.01 0.02 0.05

gradient 0.08 0.00 0.05 0.02 0.04

>95/<95*heatjndex 0.05 0.05 0.01 0.01 0.03

roads 0.02 0.00 0.03 0.04 0.02

15/>15*gradient 0.00 0.00 0.02 0.04 0.02

<ss/>55*gradient 0.00 0.00 0.06 0.00 0.02
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APPENDIX H. LOGISTIC REGRESSION MODELS FOR ANALYSIS AT THE
SAMPLE UNIT SPATIAL SCALE.

Table H-i. Logistic regression model results for predicting Pacific giant salamander
occurrence at the sample unit (fine) spatial scale. Models with cumulative probabilities

0.95 or AAIC4 (whichever is more inclusive) are presented. The full set of models
considered in the analysis included 163 models when Pacific giant salamander was not
included as an explanatory variable or 230 models when Pacific giant salamander was
included. Models (rows) are ordered by increasing AAIC values. X's indicate that a
variable occurred in a particular model. Variables are shown in order of descending
variable importance weights. "K" represents the number of parameters in a model.

Variable

K AAIC w

Cumul.

prob.

Rel.

wt.

Model .

-

2
0

>

1)

)
0 0

1 X X X 4 0.00 0.113 0.11 1.00

2 X X 3 0.17 0.104 0.22 1.09

3 X X X X 5 0.42 0.092 0.31 1.23

4 X X X 4 0.66 0.081 0.39 1.39

5 X X X X 5 1.37 0.057 0.45 1.98

6 X X X 4 1.40 0.056 0.50 2.01

7 X X X X 5 1.73 0.048 0.55 2.37

8 X X X 4 1.82 0.046 0.60 2.48

9 X X X X 5 2.03 0.041 0.64 2.76
10 X X X X 5 2.03 0.041 0.68 2.76
11 X X X X 5 2.14 0.039 0.72 2.92

12 X X X 4 2.17 0.038 0.76 2.96

13 X X X 4 2.19 0.038 0.79 2.99

14 X X X X 5 2.50 0.032 0.83 3.50

15 X X X X 5 2.65 0.030 0.86 3.77

16 X X X X 5 2.68 0.030 0.89 3.81

17 X X X X 5 3.12 0.024 0.91 4.76

18 X X X X 5 3.34 0.021 0.93 5.32

19 X X X X 5 3.42 0.020 0.95 5.54

20 X X X X 5 3.82 0.017 0.97 6.77

21 X X X X 5 3.84 0.017 0.99 6.84
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Table H-2. Logistic regression models including DITE variables for predicting larval
tailed frog occurrence at the sample unit (fine) spatial scale. See Table H-i for a
description of the table format.

1 X X X X X X
2 x x x x
3 X X X X X
4 X X X X
5 X X X X
6 x x x x x
7 X X X X
8 x x x x x
9 X X X X X
10 X X X X X
11 X X X X X
12 x x x x
13 x x x x
14 X X X
15 X X X
16 x x x
17 x x x
18 x x x
19 x x x
20 x x x
21 X X X

7 0.00 0.362 0.36 1.00

5 3.46 0.064 0.43 5.65

6 3.47 0.064 0.49 5.67

X X 7 3.65 0.058 0.55 6.21

X 6 3.76 0.055 0.60 6.55

x 7 4.28 0.043 0.65 8.49

X 6 4.62 0.036 0.68 10.07

X 7 4.78 0.033 0.72 10.91

X X 8 4.84 0.032 0.75 11.24

X 7 5.33 0.025 0.77 14.34

X 7 5.34 0.025 0.80 14.40

X 6 5.43 0.024 0.82 15.08

X 6 5.47 0.023 0.85 15.44

4 5.67 0.021 0.87 17.05

X X 6 6.19 0.016 0.88 22.14

x 5 6.29 0.016 0.90 23.18

x x x 7 6.62 0.013 0.91 27.42

X 5 6.73 0.013 0.93 28.98

x x x 7 7.11 0.010 0.94 34.94

X X 6 7.33 0.009 0.94 39.06

X 5 7.48 0.009 0.95 42.05
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Table H-3. Logistic regression models for predicting larval tailed frog occurrence at
the sample unit (fine) spatial scale. See Table H-i for a description of the table format.

Variable

AAIC w

Cumul.

prob.

Rel.

wt.

-o-C/

rj

K

1 X X X X 5 0.00 0.215 0.22 1.00

2 X X X 4 0.48 0.169 0.38 1.27

3 X X X X 5 1.80 0.087 0.47 2.46

4 X X X X 5 1.94 0.082 0.55 2.64
5 X X X X 5 2.18 0.073 0.63 2.97
6 X X X X 5 2.49 0.062 0.69 3.48

7 X X X 4 2.92 0.050 0.74 4.30
8 X X X X 5 3.66 0.034 0.77 6.24
9 X X X X 5 4.20 0.026 0.80 8.15

10 X X 3 4.26 0.026 0.82 8.39
11 X X X X 5 4.82 0.019 0.84 11.16
12 X X X X 5 4.94 0.018 0.86 11.81

13 X X X 4 5.21 0.016 0.88 13.55

14 X X X 4 5.61 0.013 0.89 16.51

15 X X X 4 6.14 0.010 0.90 21.58

16 X X X 4 6.25 0.009 0.91 22.77
17 x x x x 5 6.53 0.008 0.92 26.23

18 X X X X 5 7.13 0.006 0.92 35.41

19 X X X X 5 7.24 0.006 0.93 37.36
20 x x x 4 7.25 0.006 0.94 37.54

21 X X X X 5 7.47 0.005 0.94 41.87
22 X X 3 7.56 0.005 0.95 43.77
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Table H-4. Logistic regression models including DITE variables for predicting
metamorphosed tailed frog occurrence at the sample unit (fine) spatial scale. See Table
H-i for a description of the table format.

>-
1-

Cumul. Re!.

K AAIC w prob. wt.

1 X X X X
2 X X X X
3 X X X X
4 X X X X
5 X X X X
6 x x x x x
7 X X X X
8 X X
9 X X
10 X X
11 X X
12 X X
13 X X
14 x x
15 x x
16 x x
17 X X

5 0.00 0.230 0.23 1.00

X 6 0.55 0.175 0.41 1.32

X 6 1.54 0.107 0.51 2.16

X 6 1.63 0.102 0.61 2.26

X 6 1.76 0.095 0.71 2.41

x 7 1.85 0.091 0.80 2.52

X X 7 3.62 0.038 0.84 6.11

X X 5 4.81 0.021 0.86 11.06

X 4 5.20 0.017 0.88 13.47

X 4 5.48 0.015 0.89 15.46

3 6.16 0.011 0.90 21.78

X X 5 6.56 0.009 0.91 26.54

X X 5 6.79 0.008 0.92 29.78

x x 5 6.83 0.008 0.93 30.42

x X 5 7.03 0.007 0.93 33.66

x X 5 7.06 0.007 0.94 34.20

X X 5 7.16 0.006 0.95 35.78
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Table H-5. Logistic regression models for predicting metamorphosed tailed frog
occurrence at the sample unit (fine) spatial scale. See Table H-i for a description of
the table format.

Variable

K AAIC w

Cumul.

prob.

Rel.

wt.

Model
no.

C0
CID>

9
rf -

rJ

-
>.

1 X X X X 5 0.00 0.140 0.14 1.00
2 x x x 4 0.39 0.115 0.26 1.22

3 X X X 4 0.67 0.100 0.36 1.40

4 X X 3 1.35 0.071 0.43 1.97

5 X X X X 5 1.75 0.059 0.49 2.40
6 x x x x 5 1.98 0.052 0.54 2.69
7 X X X X 5 2.02 0.051 0.59 2.75

8 X X X X 5 2.23 0.046 0.64 3.04

9 X X X X 5 2.26 0.045 0.68 3.09

10 X X X X 5 2.35 0.043 0.72 3.23

11 X X X X 5 2.43 0.042 0.77 3.37
12 x x x X 5 2.63 0.038 0.80 3.73

13 X X X 4 2.96 0.032 0.84 4.38

14 X X X 4 2.98 0.032 0.87 4.45
15 X X X 4 3.19 0.028 0.90 4.93

16 X X X 4 3.32 0.027 0.92 5.25

17 X X X X 5 4.62 0.014 0.94 10.08

18 X X X X 5 4.71 0.013 0.95 10.55



Variable

C c' rJ* * .- - *
Cumul. Re!.[L)Ci)

Prob. wt.

ill

Table H-6. Logistic regression models including DITE variables for predicting torrent
salamander occurrence at the sample unit (fine) spatial scale. See Table H-i for a
description of the table format.

1

2

3

X X X X X
X X X X
x x x x x x

6

5

7

0.00
0.20
0.33

0.09
0.08
0.08

0.09
0.18

0.26

1.00
1.11

1.18

4 X X X X 5 0.48 0.07 0.33 1.27

5 X X X X X 6 0.96 0.05 0.39 1.61

6 X X X X X 6 0.98 0.05 0.45 1.64

7 X X X X X 6 1.10 0.05 0.50 1.73

8 X X X X X 6 1.29 0.04 0.55 1.90

9 X X X X X 6 1.76 0.03 0.59 2.41

10 X X X X X 6 2.03 0.03 0.63 2.76

11 X X X X X 6 2.31 0.03 0.66 3.18

12 X X X 4 2.60 0.02 0.68 3.68

13 X X X X X X 7 2.66 0.02 0.71 3.79

14 X 3 2.91 0.02 0.73 4.28

15 X X X X X X 7 3.37 0.01 0.75 5.39

16 X X X 5 3.48 0.01 0.76 5.71

17 x x x X 5 3.61 0.01 0.78 6.08

18 X X 4 3.85 0.01 0.79 6.85

19 X X 4 3.85 0.01 0.81 6.86

20 X X X 5 3.98 0.01 0.82 7.32

21 x x x x x 6 4.14 0.01 0.83 7.91

22 X X X X X 6 4.15 0.01 0.84 7.96

23 X X X 5 4.15 0.01 0.85 7.97

24 X X X 5 4.27 0.01 0.86 8.46

25 X X X 5 4.40 0.01 0.88 9.05

26 X X X X X 6 4.45 0.01 0.89 9.27

27 X X 4 4.54 0.01 0.90 9.68
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Table H-7. Logistic regression models for predicting torrent salamander occurrence at
the sample unit (fine) spatial scale. See Table H-i for a description of the table format.

Variable

o ) .4-. Cl)

C.)I .

-

--
-

Cumul. Re!.
Model

no. -

-

"

)

0 C)
-s K AAIC w prob. wt.

1 X X X 4 0.00 0.104 0.10 1.00

2 X X 3 0.30 0.089 0.19 1.16

3 X X X X 5 0.88 0.067 0.26 1.55

4 X X X 4 1.24 0.056 0.32 1.86

5 X X X 4 1.25 0.056 0.37 1.86

6 X X X X 5 1.38 0.052 0.42 1.99

7 X X X X 5 1.55 0.048 0.47 2.17

8 X X X X 5 1.67 0.045 0.52 2.30

9 X X X X 5 1.80 0.042 0.56 2.46

10 X X X 4 1.94 0.039 0.60 2.63

11 X X X 4 2.00 0.038 0.64 2.71

12 X X X 4 2.11 0.036 0.67 2.88

13 X X X X 5 2.31 0.033 0.71 3.17

14 X X X X 5 2.79 0.026 0.73 4.04

15 X X X X 5 2.80 0.026 0.76 4.05

16 x x X X 5 2.95 0.024 0.78 4.37
17 X X X X 5 3.02 0.023 0.80 4.53

18 X X X X 5 3.03 0.023 0.83 4.54

19 X X X X 5 3.14 0.022 0.85 4.81

20 X X X X 5 3.58 0.017 0.87 6.00
21 x x X X 5 3.72 0.016 0.88 6.42

22 X X X X 5 3.82 0.015 0.90 6.75

23 X 2 5.29 0.007 0.90 14.11

24 X X 3 5.77 0.006 0.91 17.92

25 X X 3 5.84 0.006 0.92 18.56

26 X X 3 5.95 0.005 0.92 19.55

27 X X X 4 6.06 0.005 0.93 20.67

28 X X X 4 6.32 0.004 0.93 23.52

29 X X X 4 6.85 0.003 0.93 30.68
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Table H-7. Continued.

Variable

_o -- 0
Cumul. Re!.Model - - K

AAIC w prob. wt.no. 0 0

30 X X 3 6.88 0.003 0.94 31.25

31 X X 3 6.94 0.003 0.94 32.17
32 X X X X 5 7.01 0.003 0.94 33.26
33 x X 3 7.09 0.003 0.95 34.65



APPENDIX I. LOGISTIC REGRESSION MODELS FOR ANALYSIS AT THE
INTERMEDIATE SPATIAL SCALE.

Table I-i. Logistic regression model results for predicting Pacific giant salamander
occurrence at the intermediate spatial scale. All models considered in the analysis at
this spatial scale (16) are presented. Models (rows) are ordered by increasing AAIC
values. X's indicate that a variable occurred in a particular model. Variables are
shown in order of descending variable importance weights. "K" represents the number
of parameters in a model.

Model
no.

Variable

0 Cumul. Rel.

K AAIC w prob. wt.

115

1 X X X 5 0.00 0.627 0.63 1.00

2 X X 4 1.91 0.241 0.87 2.60

3 X X 4 4.74 0.059 0.93 10.68

4 X 3 5.16 0.047 0.97 13.23

5 X X 10 8.97 0.007 0.98 88.70

6 X X X 11 9.02 0.007 0.99 90.79

7 X X X 11 10.68 0.003 0.99 208.29

8 X X X X 12 10.85 0.003 0.99 226.89

9 X 9 11.07 0.002 1.00 252.94

10 X X 10 12.02 0.002 1.00 408.40
11 X X 10 12.91 0.001 1.00 635.75
12 X X X 11 13.97 0.001 1.00 1081.33

13 X X 4 25.47 0.000 1.00 338913.44

14 X 3 27.63 0.000 1.00 998590.44
15 2 34.99 0.000 1.00 39574676.92

16 X 3 35.07 0.000 1.00 41216532.17
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Table 1-2. Logistic regression models for predicting larval tailed frog occurrence at the
intermediate spatial scale. See Table I-i for a description of the table format.

Variable

AAIC w

Cumul.

prob.

Rel.

wt.
Model

no.

0

000

0

4-.

0

4-.

.--j
o

-
04-.
Cl)0I-0 K

1 x x x 11 0.00 0.25 1 0.25 1.00

2 x x 10 0.01 0.250 0.50 1.01

3 x 9 1.45 0.122 0.62 2.06

4 x x 10 1.80 0.102 0.72 2.46

5 x x x x 12 2.14 0.086 0.81 2.91

6 x x x 11 2.19 0.084 0.89 2.99

7 x x 10 3.53 0.043 0.94 5.84

8 x x x 11 3.83 0.037 0.97 6.80

9 x x x 5 5.46 0.016 0.99 15.32

10 x x 4 7.30 0.007 1.00 38.43

11 x x 4 9.68 0.002 1.00 126.53

12 x 3 10.89 0.001 1.00 232.06

13 x x 4 32.35 0.000 1.00 10577080.49
14 x 3 32.86 0.000 1.00 13665705.44
15 2 46.00 0.000 1.00 9755528627.81

16 x 3 47.40 0.000 1.00 19577562949.80



Model
no.

Variable

0

- oo Cumul. Rel.
00 tO
c K AAIC w prob. wt.
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Table 1-3. Logistic regression models for predicting metamorphosed tailed frog
occurrence at the intermediate spatial scale. See Table I-i for a description of the table
format.

1 X 3 0.00 0.302 0.30 1.00

2 X X 4 0.02 0.298 0.60 1.01

3 X X X 5 1.38 0.151 0.75 1.99

4 X X 4 1.40 0.149 0.90 2.02

5 X 3 5.08 0.024 0.92 12.71

6 X X 4 5.36 0.021 0.94 14.56

7 X 3 5.51 0.019 0.96 15.75

8 2 5.87 0.016 0.98 18.82

9 X X 10 7.84 0.006 0.99 50.45

10 X 9 8.70 0.004 0.99 77.66

11 X X X 11 9.02 0.003 0.99 91.06

12 X X 10 9.89 0.002 1.00 140.18

13 X X X 11 10.16 0.002 1.00 160.52

14 X X 10 11.00 0.001 1.00 244.09

15 X X X X 12 11.37 0.001 1.00 294.04

16 X X X 11 12.21 0.001 1.00 447.71
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Table 1-4. Logistic regression models for predicting torrent salamander occurrence at
the intermediate spatial scale. See Table I-I for a description of the table format.

Variable

AAIC w

Cumul.

prob.

Rel.

wt.
Model

no.

.9

-

0

K

1 X X 4 0.00 0.488 0.49 1.00

2 X X X 5 0.36 0.409 0.90 1.20

3 X X 4 4.50 0.052 0.95 9.48

4 X 3 5.49 0.031 0.98 15.55

5 X X X 11 9.30 0.005 0.98 104.53

6 X 3 9.39 0.004 0.99 109.43

7 X X 4 9.56 0.004 0.99 119.03

8 x x x X 12 10.24 0.003 1.00 167.11

9 X X 10 11.22 0.002 1.00 272.90

10 X X X 11 11.71 0.001 1.00 348.59

11 X 3 13.87 0.000 1.00 1025.57

12 2 16.40 0.000 1.00 3647.51

13 x X 10 20.05 0.000 1.00 22631.54

14 X X X 11 20.54 0.000 1.00 28904.43

15 x x 10 22.24 0.000 1.00 67622.77

16 X 9 22.28 0.000 1.00 68737.49



APPENDIX J. LOGISTIC REGRESSION MODELS FOR ANALYSIS AT THE
SUB-DRAINAGE SPATIAL SCALE.

Table J- 1. Logistic regression model results for predicting Pacific giant salamander
occurrence at the sub-drainage spatial scale. Models with cumulative probabilities
<0.95 or AAIC<4 (whichever is more inclusive) are presented. The full set of models
considered in the analysis included 126 models when only one age class variable
(l 51>15) was included as an explanatory variable or 264 models when three age class
variables (15I>15, <551>55, >95I95) were included. Models (rows) are ordered by
increasing AAIC values. X's indicate that a variable occurred in a particular model.
Variables are shown in order of descending variable importance weights. "K"
represents the number of parameters in a model.

Variable

4-.- 'o -
A 9 C#DMode1

c rj)'4 0 0no. - - .4) c

119

'4
*I, tt

Cumul. Re!.

K AAIC w prob. wt.

1 XXXX 5 0.00 0.478 0.48 1.00

2 XXX X 5 1.68 0.206 0.68 2.32

3 XXX X 5 2.82 0.117 0.80 4.09

4 XXX 4 3.41 0.087 0.89 5.51

5 XXX X 5 5.43 0.032 0.92 15.08

6 X XXX 5 7.33 0.012 0.93 39.15

7 XXX X X 6 7.45 0.012 0.94 41.51

8 X X X 4 8.20 0.008 0.95 60.37
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Table J-2. Logistic regression models (with three age class variables) for predicting
Pacific giant salamander occurrence at the sub-drainage spatial scale. See Table J-1 for
a description of the table format.

d -c
-z

lx
2X
3X
4X
5X
6X
7X
8X
9X
10 X
lix
12 X
13 X
14 X
15 X
16 X
17 X

A
1)

0 I VI

A

4-a

I A

VI

Variable

- -

*
VI
II
A

*

A

VI

4-a

*

A

VI

1.)

*
Ic) Ic)

VI
Ic)

A

*
Ic)

Ic)
Ic)
VI K AAIC w

Cumul. Rel.
prob. wt.

5 0.00 0.408 0.41 1.00

x 5 1.68 0.176 0.58 2.32

x 5 2.82 0.100 0.68 4.09

4 3.41 0.074 0.76 5.51

5 4.67 0.039 0.80 10.33

x 6 5.03 0.033 0.83 12.38

x 5 5.43 0.027 0.86 15.08

5 5.44 0.027 0.88 15.16

x 5 7.33 0.010 0.89 39.15

x 6 7.40 0.010 0.90 40.43

x x 6 7.45 0.010 0.91 41.51

x 5 7.69 0.009 0.92 46.85

x 4 8.20 0.007 0.93 60.37

xx 6 8.67 0.005 0.93 76.20

xx 5 8.70 0.005 0.94 77.34

4 9.22 0.004 0.94 100.49

x 5 9.34 0.004 0.95 106.80

4-a 4-.



Model
no.

Variable

bO*
A

.9 A Cumul. Rel.
- -

t) -
vi o i K AAIC w prob. wt.
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Table J-3. Logistic regression models for predicting larval tailed frog occurrence at the
sub-drainage spatial scale. See Table J-1 for a description of the table format.

1 X X X X X 6 0.00 0.342 0.34 1.00

2 X X X X 5 0.20 0.309 0.65 1.11

3 X X X 4 1.60 0.154 0.80 2.22

4 X X X X 5 3.05 0.075 0.88 4.58

5 X X X X 5 3.41 0.062 0.94 5.51

6 X X X 5 3.53 0.058 1.00 5.85
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Table J-4. Logistic regression models (with three age class variables) for predicting
larval tailed frog occurrence at the sub-drainage spatial scale. See Table J-1 for a
description of the table format.

Variable

a)

a)
-

0 *

A A
tr)

VI VI

'n
VI

A

-*
r--
A

VI

a)
riD
a)

a.)

*
a.)

VI

a)
A

A

VI

A
a)

0
riD

0

* * *
L( L( tr

a) A VI A
tr tf II

VI A '7iKAAIC w

Cumul. Re!.
prob. wt.

lxx xx x 6 0.00 0.248 0.25 1.00

2 X xx x x 6 0.80 0.167 0.42 1.49

3 x xx x 5 0.96 0.154 0.57 1.61

4 xx x x 5 1.00 0.151 0.72 1.65

5 xx x 4 2.39 0.075 0.79 3.31

6 X xx xx 6 2.42 0.074 0.87 3.35

7 xx x x 5 3.84 0.036 0.91 6.82

8 xx x x 5 4.21 0.030 0.94 8.20

9 xx x x 5 4.33 0.029 0.96 8.71
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Table J-5. Logistic regression models for predicting metamorphosed tailed frog
occurrence at the sub-drainage spatial scale. See Table J-1 for a description of the table
format.

Variable

X

X

Model

-

4-a

In

f'I-
-
-

-'
n

-
c

-
C

no. VI C U
0

1 X X X
2 X X
3 X X X X
4 X X
5 X X
6 X X X X
7 X X X
8 X X X X
9 X X X X
10 X X X
11 X
12 X
13 X X X
14 X X X
15 X X X
16 X X X X
17 X X X
18 X X X
19 X X X
20 X X X
21 X X X
22 X X X
23 X X X
24 X X X X
25 x x x X
26 X X X X
27 X X

K AAIC w

Cumul. Re!.

prob. wt.

4 0.00 0.082 0.08 1.00

3 0.99 0.050 0.13 1.64

5 1.40 0.041 0.17 2.01

3 1.57 0.038 0.21 2.19

3 1.60 0.037 0.25 2.23

5 1.88 0.032 0.28 2.56
4 1.92 0.032 0.31 2.61

5 1.95 0.03 1 0.34 2.66

5 2.03 0.030 0.37 2.76
4 2.28 0.026 0.40 3.13

2 2.45 0.024 0.42 3.40
2 2.54 0.023 0.45 3.57
4 2.90 0.019 0.47 4.26
4 2.95 0.019 0.49 4.38
4 3.01 0.018 0.50 4.50
6 3.03 0.018 0.52 4.56
4 3.17 0.017 0.54 4.88
4 3.39 0.015 0.55 5.45
4 3.57 0.014 0.57 5.96
4 3.58 0.014 0.58 5.99

4 3.60 0.014 0.59 6.06
4 3.61 0.014 0.61 6.08
4 3.61 0.014 0.62 6.08
5 3.68 0.013 0.64 6.29
6 3.73 0.013 0.65 6.45

5 3.85 0.012 0.66 6.85

3 3.89 0.012 0.67 6.98
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Table J-5. Continued.

Variable

"0

Model ;

A
1)

-r
c C

no. VI c O -

Cumul. Rel.

K AAIC w prob. wt.

28 X X 3 3.89 0.012 0.68 7.00

29 X X X X 5 3.95 0.011 0.69 7.20

30 X X 3 4.00 0.011 0.71 7.37

31 X X 3 4.04 0.011 0.72 7.53

32 X X X X 5 4.11 0.011 0.73 7.79

33 X X 3 4.12 0.011 0.74 7.84

34 X X X X 5 4.22 0.010 0.75 8.25

35 X X 3 4.37 0.009 0.76 8.88

36 X X 3 4.46 0.009 0.77 9.29

37 X X X X 5 4.52 0.009 0.77 9.60

38 X X 3 4.55 0.008 0.78 9.72

39 X X X X 5 4.72 0.008 0.79 10.58

40 X X X X 5 4.74 0.008 0.80 10.71

41 X X X X 5 4.87 0.007 0.81 11.40

42 X x x x 5 4.89 0.007 0.81 11.50

43 X X X X 5 4.93 0.007 0.82 11.74

44 X X X X 5 4.98 0.007 0.83 12.07

45 X X X X 5 5.05 0.007 0.83 12.51

46 x x x x 5 5.09 0.006 0.84 12.74

47 X X X X 5 5.16 0.006 0.85 13.17

48 X X X X 5 5.38 0.006 0.85 14.74

49 X X X X 5 5.41 0.006 0.86 14.93

50 X X X X X 6 5.49 0.005 0.86 15.59

51 X X X X X 6 5.50 0.005 0.87 15.67

52 X X X 4 5.58 0.005 0.87 16.25

53 X X X X 5 5.58 0.005 0.88 16.29

54 X X X X 5 5.59 0.005 0.88 16.39

55 X X X X 5 5.61 0.005 0.89 16.50



Table J-5. Continued.

Variable

125

X

X

Model

flO.

a)

(2

-
VI c 1)

A

ri

CID

-
c

a)
-

56 X X X X
57 X X X X
58 X X X
59 X X X
60 X X X
61 X X
62 X X X X
63 X X X
64 X X X
65 X X X

66 X X X
67 X X X X
68 X X X

K AAIC w

Cumul. Re!.

prob. wt.

5 5.62 0.005 0.89 16.63

5 5.63 0.005 0.90 16.69

4 5.64 0.005 0.90 16.80

4 5.65 0.005 0.91 16.83

4 5.76 0.005 0.91 17.78

4 5.77 0.005 0.92 17.91

6 5.79 0.005 0.92 18.10

4 5.79 0.005 0.93 18.12

4 5.81 0.005 0.93 18.25

4 5.86 0.004 0.94 18.69

4 5.90 0.004 0.94 19.14

6 5.93 0.004 0.94 19.39

4 6.01 0.004 0.95 20.19
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Table J-6. Logistic regression models (with three age class variables) for predicting
metamorphosed tailed frog occurrence at the sub-drainage spatial scale. See Table i-i
for a description of the table format.

Variable

l)

*
kP 'f

C Q\A A

*

- 3VI VI VI
0

.AAVlA

.) )--
C C C'I- )o_* .< * *

kr If L) 'J Lr-
- .-
VI VI A VI KAAIC w

Cumul.Rel.
prob.

1 X X X X X 6 0.00 0.102 0.10 1.00

2 X X X X X 6 0.46 0.081 0.18 1.26

3 X X X X 5 0.67 0.073 0.26 1.40

4 X X X X X 6 1.85 0.041 .3O 2.53

5 X X X 4 1.87 0.040 0.34 2.55

6 X X X X X 6 2.29 0.033 0.37 3.14

7 X X 3 2.86 0.025 0.39 4.17

8 X X X X 5 3.27 0.020 0.41 5.13

9 X X 3 3.44 0.018 0.43 5.59

10 X X 3 3.48 0.018 0.45 5.68

11 X X X X 5 3.75 0.016 0.47 6.52

12 X X X 4 3.79 0.015 0.48 6.66

13 X X X X 5 3.82 0.015 0.50 6.77

14 X X X X 5 3.90 0.015 0.51 7.03

15 X X X 4 4.15 0.013 0.52 7.97

16 X X X X X X 7 4.31 0.012 0.54 8.65

17 X 2 4.32 0.012 0.55 8.65

18 X X X X 5 4.32 0.012 0.56 8.66

19 X 2 4.41 0.011 0.57 9.09

20 X X X 4 4.66 0.010 0.58 10.26

21 X X X 4 4.77 0.009 0.59 10.86

22 X X X X X 6 4.78 0.009 0.60 10.92

23 X X X 4 4.82 0.009 0.61 11.16

24 X X X 4 4.88 0.009 0.62 11.46

25 X X X 4 4.89 0.009 0.63 11.55

26 X X X X X 6 4.91 0.009 0.64 11.62

27 X X X 4 5.04 0.008 0.64 12.43



Table J-6. Continued.

Variable

127

-4-. ) l)-j --V V

I I -
C3 (

V V V
Jj c O_* . * * * * *

(1 Lfl Lj +... &f' 'r V fl v-
Lr .- "CVIVIA-AA VIA

- -- - - - CumuL Re!.
C\ O' - f) C , , V CA A VI VI VI 2 VI VI A VI K AAIC w Prob. wt.

28 X X X X X 6 5.07 0.008 0.65 12.61

29 X X X 4 5.26 0.007 0.66 13.89
30 X X X 4 5.44 0.007 0.67 15.18
31 X X X 4 5.45 0.007 0.67 15.27

32 X X X 4 5.47 0.007 0.68 15.44

33 X X 3 5.47 0.007 0.69 15.44
34 X X X 4 5.48 0.007 0.69 15.50
35 X X X 4 5.48 0.007 0.70 15.51

36 X X X X 5 5.55 0.006 0.71 16.03

37 X X X X X 6 5.60 0.006 0.71 16.44
38 X X X X 5 5.72 0.006 0.72 17.47
39 X X X X 5 5.76 0.006 0.72 17.78
40 X X 3 5.76 0.006 0.73 17.78
41 X X 3 5.76 0.006 0.74 17.83
42 X X X X 5 5.82 0.006 0.74 18.36
43 X X 3 5.87 0.005 0.75 18.79
44 X X 3 5.91 0.005 0.75 19.20
45 X X 3 5.94 0.005 0.76 19.47
46 X X X X 5 5.98 0.005 0.76 19.85
47 X X 3 5.99 0.005 0.77 19.97
48 X X X X 5 6.09 0.005 0.77 21.01
49 X X 3 6.24 0.005 0.78 22.62
50 X X X X 5 6.30 0.004 0.78 23.35
51 X X 3 6.33 0.004 0.79 23.68
52 X X X X 5 6.39 0.004 0.79 24.45
53 X X 3 6.42 0.004 0.79 24.77
54 X X X X 5 6.46 0.004 0.80 25.25
55 X X X X 5 6.51 0.004 0.80 25.98
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Table J-6. Continued.

Variable

- - )

45 -
c -

5-
C'* - *If If If Ifo C If'I ) -VIVIA-AArJ -

- - -
o 5-5-0A A VI VI VI c O

-- --
c
5- 1)

* < *If ) If- ' Q\

0 - Q
VI VI A

)
*tf

If
Vi KAAIC w

Cumul. Rel.
prob. wt.

56 X X X X 5 6.54 0.004 0.81 26.26

57 X X X X 5 6.59 0.004 0.81 26.95

58 X X X X 5 6.61 0.004 0.81 27.30

59 X X X X 5 6.62 0.004 0.82 27.32

60 X X X X 5 6.63 0.004 0.82 27.56

61 X X X X X 6 6.66 0.004 0.82 27.96

62 X X X X 5 6.74 0.004 0.83 29.04

63 X X X 4 6.75 0.003 0.83 29.29

64 X X X X X 6 6.76 0.003 0.83 29.30

65 X X X X 5 6.76 0.003 0.84 29.31

66 X X X X 5 6.80 0.003 0.84 29.92

67 X X X X 5 6.85 0.003 0.85 30.65

68 X X X X 5 6.85 0.003 0.85 30.76

69 X X X X 5 6.92 0.003 0.85 31.82

70 X X X X 5 6.92 0.003 0.85 31.87

71 X X X 4 6.95 0.003 0.86 32.22

72 X X X X 5 6.96 0.003 0.86 32.46

73 X X X X 5 7.03 0.003 0.86 33.57

74 X X X 4 7.06 0.003 0.87 34.11

75 X X X X 5 7.16 0.003 0.87 35.82

76 X X X 4 7.20 0.003 0.87 36.67

77 X X X X 5 7.25 0.003 0.88 37.55

78 X X X X 5 7.28 0.003 0.88 38.06

79 X X X 4 7.34 0.003 0.88 39.28

80 X X X X X 6 7.36 0.003 0.88 39.74

81 X X X X X 6 7.37 0.003 0.89 39.93

82 X X X 4 7.45 0.002 0.89 41.40

83 X X X X 5 7.45 0.002 0.89 41.50
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Variable
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a

+-. i)

c C

tO_

)-j

)
-

)
-

1)
-* * * * * *

kfl If) If) If) LI kr )
C) If) - If) - - - C) tf)

- If)
I VI A A P .9 r.d

If) If) ) If) C

A A
;? .-

VI
;;: &r Cumul. Re!.0) 0)A A

If) If) 0
VI VI VI

, )VI VI
0)
A VI KAAIC w prob. wt.

84 X X X X 5 7.46 0.002 0.89 41.78
85 X X X X 5 7.48 0.002 0.90 42.05
86 X X X X 5 7.49 0.002 0.90 42.38
87 X X X 4 7.50 0.002 0.90 42.44
88 X X X X 5 7.50 0.002 0.90 42.53
89 X X X 4 7.51 0.002 0.91 42.82
90 X X X 4 7.52 0.002 0.91 42.89
91 X X X X X X 7 7.62 0.002 0.91 45.13
92 X X X 4 7.63 0.002 0.91 45.31
93 X X X 4 7.64 0.002 0.91 45.64
94 X X X X X 6 7.66 0.002 0.92 46.12
95 X X X 4 7.67 0.002 0.92 46.18
96 X X X 4 7.67 0.002 0.92 46.31
97 X X X X X 6 7.67 0.002 0.92 46.35
98 X X X 4 7.68 0.002 0.93 46.50
99 X X X 4 7.73 0.002 0.93 47.62
100 X X X 4 7.77 0.002 0.93 48.79
101 X X X X X 6 7.80 0.002 0.93 49.42
102 X X X 4 7.88 0.002 0.93 51.46
103 X X X 4 7.94 0.002 0.94 52.95
104 X X X X 5 8.00 0.002 0.94 54.59
105 X X X 4 8.00 0.002 0.94 54.60
106 X X X 4 8.08 0.002 0.94 56.82
107 X X X 4 8.16 0.002 0.94 59.22
108 X X X 4 8.25 0.002 0.95 61.86
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Table J-7. Logistic regression models for predicting torrent salamander occurrence at
the sub-drainage spatial scale. See Table J-1 for a description of the table format.

Variable

*
t_n )- - A

I\ A Cumul. Rel.CID -.. - -
Model

no. i i vi K L\AIC w prob. wt.

1 X X X X X 6 0.00 0.138 0.14 1.00

2 X X X 4 0.37 0.114 0.25 1.20

3 X X X X 5 1.00 0.084 0.34 1.65

4 X X X X 5 1.24 0.074 0.41 1.86

5 X X X X 5 2.05 0.050 0.46 2.78

6 X X X X 5 2.33 0.043 0.50 3.21

7 X X X 4 2.40 0.042 0.54 3.32

8 X X X X 5 2.40 0.042 0.59 3.32

9 X X 3 2.85 0.033 0.62 4.16

10 X X 3 2.90 0.032 0.65 4.27

11 X X X X X 6 3.03 0.030 0.68 4.56

12 X X X X 5 3.43 0.025 0.71 5.54

13 X X X X X 6 3.58 0.023 0.73 5.99

14 X X X X 5 3.60 0.023 0.75 6.06

15 X X X 4 3.63 0.022 0.77 6.15

16 X X X 4 3.82 0.020 0.79 6.74

17 X X X 4 3.86 0.020 0.81 6.90

18 X X X X 5 3.95 0.019 0.83 7.22

19 X X X X 5 4.34 0.016 0.85 8.75

20 X X X 4 4.39 0.015 0.86 8.96

21 X X X 4 4.48 0.015 0.88 9.38

22 X X X 4 4.78 0.013 0.89 10.91

23 X X X 4 4.92 0.012 0.90 11.71

24 X X X X 5 5.05 0.011 0.91 12.48

25 X X X X X 6 5.28 0.010 0.92 14.03

26 X X X X 5 5.33 0.010 0.93 14.33

27 X X X X 5 5.45 0.009 0.94 15.26

28 X X X X 5 5.58 0.008 0.95 16.26
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Table J-8. Logistic regression models (with three age class variables) for predicting
torrent salamander species occurrence at the sub-drainage spatial scale. See Table J-1
for a description of the table format.

Variable

AAIC w

Cumul. Rel.
prob. wt.

I
- -* < * *
V If) If) CL) f) I-f) I-f)- .- I-f) 'ri a.' I-f)A-A VIAcA

I-f) CL) C.' - I-f)
VI VI VI A VI VI o

1) -
- OO* * *
I-f) I-f) I-f)

A a.' I-fL Q.'"VIAVI
C I-f) \
A VI A K

1 X X X X X 6 0.00 0.116 0.12 1.00

2 X X X 4 0.37 0.096 0.21 1.20

3 X X X X 5 1.00 0.070 0.28 1.65

4 X X X X 5 1.24 0.062 0.35 1.86

5 X X X X 5 2.05 0.042 0.39 2.78

6 X X X X 5 2.33 0.036 0.42 3.21

7 X X X 4 2.40 0.035 0.46 3.32

8 X X X X 5 2.40 0.035 0.49 3.32

9 X X X X 5 2.65 0.03 1 0.52 3.75

10 X X 3 2.85 0.028 0.55 4.16

11 X X 3 2.90 0.027 0.58 4.27

12 X X X X X 6 3.03 0.025 0.60 4.56

13 X X X X X 6 3.33 0.022 0.63 5.28

14 X X X X 5 3.43 0.021 0.65 5.54

15 X X X X X 6 3.58 0.019 0.67 5.99
16 X X X X 5 3.60 0.019 0.69 6.06

17 X X X 4 3.63 0.019 0.70 6.15

18 X X X X 5 3.75 0.018 0.72 6.52

19 X X X 4 3.82 0.017 0.74 6.74

20 X X X 4 3.86 0.017 0.76 6.90

21 X X X 4 3.93 0.016 0.77 7.14

22 X X X X 5 3.95 0.016 0.79 7.22

23 X X X X 5 4.34 0.013 0.80 8.75

24 X X X 4 4.39 0.013 0.81 8.96

25 X X X 4 4.47 0.012 0.83 9.34

26 X X X 4 4.48 0.012 0.84 9.38
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APPENDIX K. LOGISTIC REGRESSION MODELS FOR ANALYSIS AT THE
DRAINAGE SPATIAL SCALE.

Table K- 1. Logistic regression model results for predicting Pacific giant salamander
occurrence at the drainage (broad) spatial scale. All models considered in the analysis
at this spatial scale (16) are presented. Models (rows) are ordered by increasing AAIC
values. X's indicate that a variable occurred in a particular mode!. Variables are
shown in order of descending variable importance weights. "K" represents the number
of parameters in a model.

133

Variable

K AAIC w

Cumul.

prob.

Re!.

wt.
Model forested

no. band slope>60 roads 15/>15

1 X 3 0.00 0.568 0.57 1.00

2 X X 4 2.78 0.141 0.71 4.02

3 X X 4 3.39 0.104 0.81 5.45

4 X X 4 3.62 0.093 0.91 6.10

5 X X X 5 6.43 0.023 0.93 24.86

6 X X X 5 6.80 0.019 0.95 30.00

7 X X X 5 7.76 0.012 0.96 48.33

8 X 3 8.07 0.010 0.97 56.54

9 2 8.50 0.008 0.98 70.14

10 X 3 8.81 0.007 0.99 81.86

11 X 3 9.05 0.006 0.99 92.33

12 X X 4 10.93 0.002 0.99 236.29
13 X X 4 11.17 0.002 1.00 266.63

X X 4 11.42 0.002 1.00 301.83

15 X X X X 6 11.53 0.002 1.00 319.64
16 X X X 5 14.97 0.000 1.00 1784.42
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Table K-2. Logistic regression model results for predicting larval tailed frog
occurrence at the drainage (broad) spatial scale. See Table K-i for a description of the
table format.

Variable

K AAIC w

Cumul.

prob.

Re!.

wt.
Model forested

no. band slope>60 15/>15 roads

1 X 3 0.00 0.392 0.39 1.00

2 X X 4 1.20 0.215 0.61 1.82

3 X X X 5 2.61 0.106 0.71 3.70

4 X X 4 2.69 0.102 0.81 3.84

5 X X 4 3.49 0.069 0.88 5.71

6 X X 4 4.62 0.039 0.92 10.08

7 X X X 5 5.52 0.025 0.95 15.83

8 X 3 6.03 0.019 0.97 20.37

9 X X X 5 6.69 0.014 0.98 28.41

10 X X X 5 7.83 0.008 0.99 50.22

ii X X X X 6 7.94 0.007 0.99 53.11

12 X X 4 9.28 0.004 1.00 103.60

13 X 3 11.85 0.001 1.00 374.47

14 2 13.74 0.000 1.00 963.38

15 X X 4 14.21 0.000 1.00 1218.22

16 X 3 16.82 0.000 1.00 4486.82
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Table K-3. Logistic regression model results for predicting metamorphosed tailed frog
occurrence at the drainage (broad) spatial scale. See Table K-i for a description of the
table format.

Model
no.

Variable

K AAIC w

Cumul.

prob.

Rd.
wt.

forested

band slope>60 roads 15/>i5

1 X 3 0.00 0.473 0.47 1.00

2 X X 4 2.22 0.156 0.63 3.03

3 X X 4 2.29 0.150 0.78 3.14

4 X X 4 3.62 0.077 0.86 6.12

5 X 3 5.76 0.026 0.88 17.84

6 X X X 5 5.84 0.025 0.91 18.56

7 X X X 5 6.09 0.022 0.93 21.01

8 2 6.20 0.021 0.95 22.14

9 X X X 5 6.45 0.019 0.97 25.18
10 X X 4 8.19 0.008 0.98 60.06
ii X 3 8.25 0.008 0.99 61.77

12 X 3 9.26 0.005 0.99 102.55

13 X X 4 9.40 0.004 1.00 109.92

14 X X X X 6 10.43 0.003 1.00 183.96

15 X X 4 11.73 0.001 1.00 352.61

16 X X X 5 12.49 0.001 1.00 514.68
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Table K-4. Logistic regression model results for predicting torrent salamander
occurrence at the drainage (broad) spatial scale. See Table K-i for a description of the
table format.

Variable

AAIC w
Cumul.
prob.

Re!.
wt.

Model
no. roads 15/>i5

forested

band slope>60 K
1 2 0.00 0.409 0.41 1.00

2 X 3 2.54 0.115 0.52 3.56
3 X 3 2.63 0.110 0.63 3.73

4 X 3 2.70 0.106 0.74 3.86
5 X 3 3.02 0.090 0.83 4.53

6 X X 4 4.85 0.036 0.87 11.30
7 X X 4 4.88 0.036 0.90 11.49

8 X X 4 5.62 0.025 0.93 16.65

9 X X 4 6.05 0.020 0.95 20.56
10 X X 4 6.10 0.019 0.97 21.15
11 X X 4 6.34 0.017 0.98 23.76
12 X X X 5 8.71 0.005 0.99 77.86

13 X X X 5 8.94 0.005 0.99 87.55
14 X X X 5 9.21 0.004 1.00 99.77
15 X X X 5 9.93 0.003 1.00 143.55

16 X X X X 6 13.87 0.000 1.00 1027.77


