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salmonid communities. The groups consisted of pools and reaches with one, two

and all three species present. These six groups were tested using MRPP.
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Differences were found between all salmonid communities and their

corresponding pools or reaches without the community present.

Each species and community group was then fully described at the pooi and reach

ecological level. Additionally each suite of habitat variables was graphed as a

percentage of the full distribution mean. This allowed the habitat suite to be

viewed on the same scale. The graph line connecting the individual variables

provided both species and community specific response curves or signatures.

These signatures were then compared and contrasted against one another at the

species, community and sub-basin contexts. Each species or community

expressed its own unique signature that quantitatively described habitat

partitioning and community interactions. The response curves may be used to

guide land managers in restoration activities. These signatures provide insight

into species and community specific utilization of pools and reaches. In addition

they also provide understanding into how the individual habitat characteristics

operate together in a suite attributes.
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CHARACTERIZATION OF POOLS AND REACHES WITH SALMONID
SPECIES IN THE ALSEA'AND NESTUCCA SUB-BASINS

INTRODUCTION

Land managers have tried to assess the conditions of both rivers and watersheds

utilizing variables collected within streams for many years. These assessments

provide the foundation and very understanding of in-stream habitat, and represent

basic aquatic information for land management decisions, regulations, and

landscape monitoring. This information is easy to obtain, typically collected

utilizing comparable protocol methodologies (Hankin and Reeves 1988, Moore et

al. 1999, USDA 1999a). Thus, there is a plethora of management plans that utilize

the outputs from these stream surveys in a prescriptive maimer (e.g., USDA 1991,

PACFISH 1995, 1NFISH 1995, NMFS 1996). Discrete amounts of pools, wood,

and other in-stream variables are used like templates to assess stream condition

independently of one another.

Assessing watersheds or streams as a function of their underlying in-channel

characteristics is difficult (Naiman et al. 1992) because of the variability and

complexity found in natural lotic systems. Furthermore, setting quantitative

thresholds or expectations of aquatic ecosystems is poorly understood (Reeves et

al. 2004). Natural variation of habitat parameters is high within and between

ecological contexts (MeKinney et al. 1996), which is a function of natural

disturbance regimes expressing themselves over a wide range of physical
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characteristics (Naiman et al. 1992, Reeves et al. 1995, Benda et al. 1998,

Swanson et aL 1998). This variation reveals itself in the individual variables not

to mention the more complex relationships of the variables to one another.

Watersheds, reaches, and the multiple channel or habitat units they encompass are

connected spatially and temporally (Frissell et al. 1986, Junk and Bayley, et al.

1989, Poff et al. 1997). These relationships are difficult to discern. Further,

discerning causal linkages between contextual watershed processes and in-

channel conditions and variables is again difficult (Frissell et al. 1986, Reeves et

al. 2004).

Land managers are striving to protect and restore streams and watersheds in the

Pacific Northwest, most of which have lost structural complexity and much of

their hydrologic function (Nehisen et al,, 1991 USDA-USDI 1994b). Native

species of aquatic life (fish, amphibians, mollusks, macro-invertebrates,

macrophytes, and others) require healthy watersheds. In recent years several

species of Pacific salmon (Oncorhynchus spp.) as well as other native aquatic

species have been listed as Threatened or Endangered by the National Marine

Fisheries Service (NMFS) or Fish and Wildlife Service (FWS). The Aquatic

Conservation Strategy (ACS) of the Northwest Forest Plan (USDA - USD1

1994b) is designed to restore and maintain the ecological integrity of watersheds

and their aquatic ecosystems on public lands. A major component of this strategy

depends upon watershed assessments. These assessments require

characterizations of the ecological processes that control the aquatic environment



(USDA USD1 1994a, Bisson et al. 1997). Basic components of watershed

analyses are basin geomorphology, hydrologic patterns, water quality, riparian

forest conditions, and aquatic habitat characteristics for a variety of aquatic

species (Naiman et al. 1992, Montgomery 1999). These processes include the

delivery and routing of water, chemicals, sediment, and organic materials to the

channels (Naiman et al. 1992).

Large-scale aquatic monitoring plans such as the Aquatic and Riparian

Effectiveness Monitoring Program for the Northwest Forest Plan (AREMP) use

surrogates to describe ecosystem processes (Reeves et al. 2004). This plan puts

forward the premise that stream characteristics in aggregate define both the

quality and quantity of habitat structure. Ultimately, physical habitat assessments

provide only a portion of watershed or ecosystem health understanding. Naiman

and Bilby (1998) assert that biotic interactions and metapopulation processes are

important to ecological integrity. Further, Karr and Chu (1999) assert habitat

condition needs to be coupled with biological information to fully portray the

condition of the environment.

This study integrated multiple habitat and hydrologic parameters together in a

suite of variables to characterize stream reaches and pools differently than

traditional methods. Instead of characterizing streams with pools per mile, or

other singular variables, a suite of habitat variables was used to describe reaches

and pools. This concept is analogous to describing old-growth forest stands with

3
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several variables instead of just one. It is widely recognized that old-growth

timber stands are not defined by a singular parameter such as age, but by a host of

variables that characterize ancient forests (USDA - USD1 1 994b), for instance,

canopy layers, snag density, dead and down woody material and stand age

(Franklin and Spies 1991, Marcot et al. 1991).

The primary objective of this study was to describe stream characteristics in a

multivariate context at the pool and reach scale. These habitat characteristic

suites were then used as response variables to describe multivariate differences in

the Alsea and Nestucca Sub-Basins. The comparison groups were defined using

the presence or absence of salmonid species. I used the tests and descriptive

multivariate patterns of the habitat suites at both the pool and reach context to ask

the following questions: 1)Is there a difference in the suite of habitat variables

between where study fish species are present or absent?; 2) Is there a difference in

the suite of habitat variables between salmonid communities defined by the

presence or absence of multiple study species?; 3) Do individual salmonid species

and communities utilize habitat suites differently?; and 4) Are there

recommendations or insights to help guide aquatic restoration?



STUDY AREA

The Alsea Sub-Basin, Hydrologic Unit Code 17010505, is 299,704 acre drainage

in the Coastal Mountains of Oregon (Figure 1). The majority of the area is

underlain by sandstone and siltstone of the Tyee formation, with an abundance of

Yachats basalts (USDA 1999b) It receives 60 to 110 inches of rain annually

(USDA 1 999b) that drain to the Alsea River a 6th order stream that drains directly

to the Pacific Ocean.

The Nestucca Sub-Basin, Hydrologic Unit Code 17010203, is approximately

203,760 acres and is part of the facial Sub-Basin with the Wilson and Trask river

systems (Figure 1). It receives 110 inches of rain annually (USDA 1994) and

flow through the 5th order stream to the Pacific Ocean. Baldwin (1964) describes

the geology of the Nestucca Sub-Basin as sedimentary rocks consisting primarily

of interbedded tufaceous siltstone and claystone and intercalated volcanic

material. This material is softer and more prone to erosion processes than the

more resistant basalt geography in the Alsea Sub-Basin.

Biologist with the Siuslaw National Forest has surveyed (Hankin and Reeves,

1988, USDA 1999a) approximately 276 kilometers of streams in the Alsea Sub

Basin and 164.15 kilometers in the Nestucca Sub Basin. Streams were selected

for surveys to assess aquatic resources before a land management activity such as

5



a timber sale or road building activities. Selection of these streams was based on

site specific needs and do not probabilistically represent the watershed as a whole.

In a few cases streams were surveyed to gain knowledge of the aquatic system or

to augments existing stream surveys. Once again though these streams and

stream segments were not part of a watershed sample design. National Forest

land ownership in both sub-basins is concentrated in the upper, forested reaches.

In general the streams surveyed are second to third order streams in the steeper,

smaller upper portions of the sub-basins. The stream survey information used in

this study was not statistically representative of the sub-basins as a whole.
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Figure 1. Schematic maps showing the coastal sub-basins in the State of Oregon
and the locations of the Alsea and WilsonlTrask/Nestucca Sub-Basins (two darkly
shaded sub-basins).



METHODS

Streams on the nation's national forests have been surveyed for years to document

physical and biological characteristics. Results from these inventories often form

the basis for aquatic analysis and input into land management activities. The

surveys represent a rich source of data about habitat characteristics as well as

species utilization of that habitat.

The analysis for this study focused on two hierarchical ecological scales, the

habitat unit and reach. Habitat units are the fundamental sample unit for stream

surveys (USDA 1 999a). A habitat unit is a discernable, discrete hydro-

geomorphic feature in the stream, for example, a pooi or a riffle. Physical and

geomorphic data collected at the habitat unit is summarized at the reach level and

augmented with additional information collected specifically at the reach. A

reach is a homogenous segment of stream that exhibits similar geomorphic,

vegetative and hydrologic characteristics (USDA 1 999a). Typically a stream is

divided into one to many reaches.

Biological data were collected on 10 percent of the habitat units at the reach scale.

This was accomplished with underwater counts or electro fishing techniques

(USDA, 1999a). The objective of the biological portion of the survey was to

acquire relative abundances as well as species composition of the reach. It was

not to enumerate the total number of aquatic organisms inhabiting the habitat unit

nor the reach.

8
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Data were acquired from the Siuslaw National Forest, Forest Headquarters Office,

Corvallis Oregon, as well as from the USDA Forest Service Regional Office in

Portland, Oregon. The Siuslaw National Forest dataset consisted of 10 Oracle

data tables that made up the corporate relational database known as the Stream

Management, Analysis, and Reporting Tool (SMART). The Regional Office

provided a summary database of calculated reach statistics.

Habitat Unit Scale

A single analysis database was constructed for the habitat unit scale containing

information from both the Alsea and Nestucca sub-basins. Later this database

was separated into the respective sub-basins for analysis. Unique database

identifiers from the Smart_Measures table were linked with keys from both the

Smart_Masters and Smart_Habitat tables. This formed a dataset with sub-basin,

stream name, length, width, maximum depth, depth at pooi tail crest, large woody

material. Each variable is defined by the following (USDA 1999a):

Stream Name - Name of stream from the USGS topography map.

Length - Estimated length of the habitat unit measured from where the
surveyor distinguishes it from the last habitat unit to the beginning of the
next habitat unit.

Width - Estimated width of the habitat unit. Width is estimated over the
entire habitat unit and one average width is recorded per habitat unit.

Maximum Depth - The depth at the deepest part of the habitat unit is
estimated.
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Depth at Pool Tail Crest - The depth of a pooi collected at the geomorphic
point where the pool would still contain water if the flow from the stream
were to cease. This point represents where there would be no water
storage above it if water were to stop flowing.

Large Woody Material - This is the count of large wood in the stream
channel that is over 0.61 meters.

The USDA Forest Service Stream Survey Protocol (1999a) directs field personnel

to estimate the geometry of all habitat units, and subsequently measure both

length and width of a randomly selected 10 percent of the habitat units. Habitat

units with both estimated and measured geometry values were used to calculate

correction factors that were applied to estimates over the entire survey (USDA

1999a). These correction factors were applied throughout the surveys to

compensate for consistently long or short estimates.

There were 37,037 habitat units surveyed for the Alsea and Nestucca Sub-Basins,

of these 1827 had both measurements recorded as well as estimates. This study,

at the habitat unit scale, used only measured habitat units where aquatic biota was

sampled to provide a suite of habitat variables per sample unit.

For each habitat unit the species and number of fish observed came from the

Smart_fishes table. In preparation for the analysis, the fish data had to be

transformed to meet the software requirements of the multivariate statistical

program PC-ORD (McCune and Mefford 1999). This was accomplished through

a cross-tab procedure with Microsoft Access. The data table for Smart_Fish had a
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colunm for fish as well as a column for habitat units. Multiple entries or. rows of

habitat units were entered with a row for every habitat and species combination.

The new data table had one row for every habitat unit and separate columns for

every fish species found. At the intersection of habitat unit and fish species the

relative number of fish observed was recorded. Additionally, each row included

the total number of juvenile fish per habitat unit.

Response variables for each habitat unit were the presence or absence of juvenile

steelhead (Oncorhynchus mykiss), juvenile coho salmon (0. kisutch) and juvenile

coastal cutthroat trout (0. clarki). There were 14 different fish species recorded

in habitat units within the Alsea and Nestucca sub-basins including the generic

categories of trout by juvenile life stage. Four species represented the mid-

Oregon coastal salmonid community: steelhead trout, coho salmon, cutthroat trout

and chinook salmon (0. tshawytsha). Chinook salmon were subsequently

excluded from the analysis because of their low occurrence throughout the

samples in the study areas. They were present in oniy 10 habitat units out of 1827

or 0.5 percent. A presence or absence determination was made for each species in

every habitat unit.

I excluded riffles from the analysis to focus on pools at the habitat scale. This

was an effort to study more homogenous habitat units and reduce variability.

Thus the analysis database was pared down to express pools exclusively at the

habitat unit scale. There were 1175 pools included in the subsequent analysis.
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The habitat scale database was augmented with the variable, residual pool depth.

This was calculated by subtracting the depth at pool tail crest from the maximum

depth. Residual pooi depth was considered a better indicator of habitat and pooi

quality than depth at pooi tail crest.

The preceding procedure resulted in a single database with five habitat variables

and three response variables for 1175 pools in the Alsea and Nestucca Sub-

Basins. The dataset was then split into the two respective sub-basins for analysis.

Further the two datasets were exported to spreadsheet format to meet the input

requirements of the multivariate statistical program PC-ORD (McCune and

Mefford 1999).

Reach Scale

A second analysis database for the reach scale was constructed containing

information from the Alsea and Nestucca Sub-Basins. The reach database

contained summary information derived from the habitat data. Using unique

database keys the Smart_reaches table was linked with Smart_Masters and

Smart_Summary data tables to bring together reach habitat data at the reach scale.

Each variable is defined by the following (USDA l999a):

Sinuosity - The ratio of the reach distance divided by the strait line
distance from the beginning of the reach to the end of the reach.



Number of Pools - The total number of pools in the reach.

Pools per Kilometer - The total number of pools per kilometer in the
reach.

Percent Pools - Percentage of the reach area occupied by pools.

Large Woody Material (Large Category) - The total number of pieces of
large woody material over 0.61 meters in the reach.

Pieces of Large Woody Material per Kilometer - The total number of
pieces of large wood, over 0.61 meters, per kilometer in the reach.

Summary information at the reach scale was calculated based on all habitat units

measured and estimated with a correction factor applied to calculate total mileage

(Hankin and Reeves, 1988, USDA 1999a). There were 324 reaches surveyed

within the two sub-basins on the Siuslaw National Forest, 259 in the Alsea and 65

in the Nestucca.

Response variables for each reach were summarized from the Smart_Fishes table

and converted to presence or absence. For each reach the presence or absence of

juvenile cutthroat trout, steelhead or coho salmon was determined Chinook

salmon were excluded as in the habitat scale analysis because they were found in

only 4 reaches out of the 324 (0.9 percent).

13



Data Analysis

Multiple Response Permutation Procedure (MRPP), a non-parametric procedure,

was used to test the hypothesis of no difference in the suite of habitat variables

between the presence verses absence of multiple salmonid community and species

groupings. MRPP is one of several procedures to test for group differences

(Mielke 1984), and has the advantage of not requiring multivariate normality and

homogeneity of variance that may not be met with ecological data (McCune and

Grace 2002). The main outputs of this analysis are a test statistic, a measure of

"effect size" (denoted by A), and ap-value. McCune and Grace (2002) explain

the procedure by first calculating a distance matrix. The Sorensen distance

measure was used in this analysis. Next, the average distance within each x

within each group i was calculated. Groups were defined by the presence or

absence of salmonid species. From these results a delta, or within group distance

c5 is calculated by:

Delta= 5= >Cex1

This is calculated for g groups, where C is a weight that depends on the number of

items in the groups ( C1 = n1/N, where n1 is the number of items in group I an N is

the total number of items). The next step was to determine the probability of a

this small or smaller (McCune and Grace 2002). This was accomplished by

approximating the distribution of a from a continuous distribution (Pearson type

14
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III). This distribution takes into account the fact that the underlying permutation

distribution is often substantially skewed. The test statistic is:

T ((5- m ) / s

where m (5 and s (5are the mean and standard deviation of (5 under the null

hypothesis. Or put a different way, the test statistic is the difference between the

observed and expected deltas divided by the square root of the variance in delta.

This test statistic describes the difference between the groups. A probability

value can then be calculated expressing the likelihood of getting a delta as

extreme or more extreme given the distribution of possible deltas. PCORD

(McCune and Mefford 1999) determines the p-value associated with T by the

numerical integration of the Pearson type III distribution (McCune and Grace,

2002).

The final output of the MRPP analysis is the chance-corrected agreement statistic,

A. This is defined by

A 1 - (5/ m = 1 - (observed (5/ expected (5)

This agreement statistic describes within-group homogeneity, compared to

random expectation. When all items are identical within groups A = 1, the highest

possible value for A. Further, if heterogeneity within groups is equal to that

expected by chance A = 0. Finally A can be less than I if there is less agreement

within groups than expected by chance. McCune and Grace (2002) provide a

prudent caution that a statistical significance (small p) may result even when the



"effect size" is small. They report that in community ecology, values for A are

commonly below 0.1 even when the observed delta differs significantly from

expected.

Sorenson (Bray and Curtis 1957) distance measures were used for the MRPP

analyses. A number of distance measures were used in iterative Non Metric

Multi-Dimensional Scaling (NMS) Ordination and MRPP tests. The following

are a list of distance measures used in MRPP tests and NMS ordinations at both

the habitat and reach scale for the Alsea and Nestucca combined data sets:

Sorenson
Euclidean
Relative Euclidian
Euclidian Squared
Relative Sorenson

The potential distance measures above were selected from available options in

PCORD (McCune and Mefford 1999) software. From hundreds of ordinations

the Sorenson distance measure consistently produced distributions that had well

distributed constellations of habitat units and reaches. In comparison, the

ordination constellations using the other distance measures were tightly packed

together and did not display distinct groupings of habitat units or reaches. The

Sorenson distance measure was originally applied to presence-absence data and is

documented as most useful for ecological community data (McCune and Mefford

1999). Thus, the Sorenson distance measure was used for the remainder of the

analysis.

16



The different test groups were defined by multiple descriptions of salmonid

communities and the presence or absence of the constituent species. The three

salmonid communities were defined as:

At least one of the three species present
At least two of the three species present
All of the three species present

The species-specific groups were defined as follows:

Steelhead present
Coho salmon present
Cutthroat trout present

The above groups were analyzed with MRPP tests to determine if there were

differences between the groups and their corresponding null hypothesis group.

The following questions were tested:

Is there a difference in the suite of habitat variables between (pools or reaches)

with:

at least one salmonid species present versus all species absent
at least two salmonid species present versus less than two species
all three salmonid species present versus less than three species
cutthroat trout present versus absent
coho salmon present versus absent
steelhead present versus absent

These questions were asked for both sub-basins at both the pooi and reach

ecological levels using their associated habitat variables. Additionally the analysis

was completed for the Alsea and Nestucca Sub-Basins together to represent a

larger spatial context. These results can be found in Appendix A.

17
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In the Alsea Sub-Basin, two MRPP runs per test group were required. When all

of the variables were analyzed at the same time the MRPP test produced matrix

overrun errors. These software errors were purely computational and related to

the limitations of the matrix PC-ORD (McCune and Mefford 1999) could access.

To address this, two matrices per species were constructed. The first used the

habitat variables length, large woody material rate and residual pooi depth,

followed by the variables, width, rate of large woody material and residual pooi

depth. It should be noted that for each species the length and width were not

analyzed together in a multivariate fashion because they were contained in

different matrices to overcome the maximum matrix limitations of the software.

This situation also occurred when the MRPP test was applied to the Alsea and

Nestucca Sub-Basin analysis found in Appendix A.

Distributions of the suites of habitat variables were described at each spatial scale,

ecological scale as well as the defined test groups using S-Plus (S-Plus 2000). In

all, statistical analysis was completed for three spatial scales, two ecological

scales and for each of the 72 test groups. The MRPP results indicated if there

were differences between the groups and the descriptive statistics allowed for

direct comparisons for each suite of distributions. Comparisons of the habitat

variables at the species, community, and geographic levels were made. I used the

mean +1- the 95 percent confidence interval to describe habitat variables (e.g.

Alsea pools with cutthroat trout had a mean length of 10.18 +1- 1.29 m).
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The suites of habitat variables were arrayed on the same graph as a percentage of

their overall mean. These response curves or profiles allowed all of the habitat

variables to be compared together on the same scale. Salmonid communities as

well as species were graphed together at the pool and reach scale for both the

Alsea and Nestucca Sub-Basins. This facilitated direct comparison of the test

groups unique habitat signatures at both ecological scales.

The overall mean was calculated for each habitat parameter at both the pool and

reach scale and within each sub-basin. This value is the mean of the habitat

parameter for all pools or reaches prior to test groups being segregated out for

analysis. The overall mean is a benchmark value and used for context and

comparison.

Variability between test groups is accounted for in the confidence intervals for

each test group reported in the data summary tables. The comparison profiles

reflect the mean values of test groups and do not account for variability. Further

investigations may well incorporate the z - score (Ott, 1992) to account for test

group variability and provide a basis for multivariate comparisons.



RESULTS

MRPP Pool Analysis

Alsea Sub-Basin

The suite of habitat variables in the Alsea Sub-Basin was different between pools

with at least one study species and pools with the fish absent (Table 1). Pools

with at least two of the salmonid species had a different suite of habitat

characteristics than pools with less than two study species present (Table 1).

Further, pools with all three study species present were different in their habitat

characteristics compared with pools that had less than the full compliment of fish

(Table 1).

Pools in the Alsea Sub-Basin were characterized as having a mean length of 12.01

+1- 1.02 meters, a mean width of 3.26 +1- 1.76 meters, having 0.066 +1- 0.018

pieces of large wood and having a residual pooi depth of 0.34 +1- 02 meters. A

summary of the pooi characteristics can be found in Table 1. At least one of the

three study species was found in 719 pools. Two or more were found in 213

pools and 51 pools had all three study species present, Cutthroat were present in

603 of these pools while coho salmon were found in 275 pools and finally

steelhead were found in 104 of the surveyed pools.

Community and species specific profiles of pool utilization allowed all of the

habitat variables to be displayed on the same scale. These figures show the ratio

20



Table 1. Pool characteristics of the Alsea Sub-Basin including salmonid communities and species groupings. Group means
and 95 % confidence intervals (CI) are presented.

Length CI
(m) (m)

Width
(m)

CI
(m)

Large
Woody
Material

CI Residual
Pool
Depth
(m)

CI
(m)

Overall Mean 12.01 +1- 1.02 3.26 +7- 1.76 0.066 +7- 0.018 0.34 +7- 0.02

Samonid Community

Species Absent 15.22 +7-2.86 2.92 +7- 0.29 0.015 +7-0.018 0.34 +7- 0.04
1 Species Present 11.12 +7-0.92 3.35 +7- 0.14 0.081 +7-0.024 0.34 +7- 0.02

Less than 2 Species Present 10.28 +7- 0.96 2.86 +1- 0.14 0.058 +1- 0.022 0.30 +7- 0.02
2 Species Present 17.71 +1-2.47 4.55 +7- 0.29 0.094 +1- 0.043 0.46 +1- 0.04

Less than 3 Species Present 11.55 +7-0.98 3.11 +7-0.12 0.060 +7-0.018 0.32 +7- 0.02
All 3 Species Present 19.69 +7- 1.67 5.69 +7- 0.29 0.176 +7-0.063 0.62 +1- 0.02

Salmonid Species

Cutthroat Trout Absent 15.22 +1-2.86 3.05 +1- 0.27 0.015 +7-0.018 0.34 +7- 0.04
Cutthroat Trout Present 11.12 +1-0.92 3.36 +1- 0.16 0.081 +7- 0.024 0.02 +7- 0.02

Coho Salmon Absent 9.95 +1- 1.00 2.84 +1- 0.14 0.062 +1- 0.022 0.31 +7- 0.02
Coho Salmon Present 16.8 +1- 2.04 4.23 +1- 0.25 0.076 +7- 0.035 0.41 +7- 0.02

Steelhead Absent 11.65 +1- 1.02 3.09 +7-0.14 0.059 +7- 0.196 0.32 +7- 0.02
Steelhead Present 14.84 +1- 2.63 4.55 +1- 0.43 0.125 +7-0.074 0.52 +7- 0.04



Table 1. Pool characteristics of the Alsea Sub-Basin including salmonid communities and species groupings. Group means
and 95 % confidence intervals (CI) are presented. (Continued)

Overall Mean

Samonid Community

Number of Pools

917

MRPP Results for
Length, Large Wood
and Residual Pool Depth

MRPP Results for
Width, Large Wood
and Residual Pool Depth

Species Absent 198 p = 0.861 p = 0.000
1 Species Present 719 A=0.0011 A=0.0135

Less than 2 Species Present 704 p = 0.000 p = 0.000
2 Species Present 213 A 0.0495 A = 0.076

Less than 3 Species Present 866 p = 0.000 p = 0.000
All 3 Species Present 51 A 0.0254 A = 0.0371

Salmonid Species

Cutthroat Trout Absent 314 p=O.O534 p = 0.000
Cutthroat Trout Present 603 A=0.0014 A=0.0371

Coho Salmon Absent 642 p=0.000 p=0.000
Coho Salmon Present 275 A=0.0547 A=0.0609

Steelhead Absent 813 p=O.000 p=0.000
Steelhead Present 104 A=0.009 A= 0.031
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of each habitat characteristic mean divided by its overall mean. These ratios of

the multiple habitat variables are linked together to display the multivariate

linkage between pooi attributes. The figures (Figures 2 - 9) quantitatively display

partitioning of pool habitat exhibited by each salmonid community and individual

species.

Figure 2 shows the salmonid community use of pools within the Alsea Sub-Basin.

Each community is represented by a response profile that occupied a unique

position over the four attributes. The community with all three fish present

occupied pools with habitat characteristics well above both the overall mean and

all other community means. This community occupied pools with the highest

rates of wood, deepest pools and largest pool area compared to the other

communities. The response curve for pools with at least 2 species present was

above that of at least 1 species present, but below that of all fish present. This

community occupied pools that have lower lengths, widths, large wood rates and

residual pooi depths than the communities with three or more fish, but pools with

greater pooi area, more large wood and deeper residual pool depths compared to

pools occupied by a single salmonid species.

The salmonid community with at least 1 fish present had a response profile very

near the overall means for most variables (Figure 2). The exception to this was

pool length where the mean was only 93 percent of the overall mean, and had the

lowest mean of any groups including the pools with fish absent.
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Figure 2. Salmonid community comparison of pool habitat utilization in the Alsea Sub-Basin.



25

Pools where fish were absent were characterized by the narrowest widths, least

amounts of large wood and the shallowest residual pooi depths (Figure 2). For

both width and large woody material rates these mean values were below the

overall means. Pool length did not follow this pattern, mean length for pools

without fish were longer than both the overall mean as well as the mean for pools

with 1 or more of the study species present.

Of all the individual habitat characteristics, large woody material had the largest

separation between the communities (Figure 2). Pools that held all three species

of fish in the Alsea had twice the large woody material rates compared to those

with less than three study species. This general pattern was observed for the

remaining communities; pools that held 2 or more species had more large wood

compared to the community with at least 1 species present, and those pools had

more wood than pools with no fish. Finally those poois with no fish had the

lowest rates of large woody material; over 5 times lower than the overall mean.

The suite of habitat variables in the Alsea Sub-Basin was different between pools

with and without cutthroat trout. Habitat characteristics were different between

pools with coho salmon compared to those without. Finally, the habitat variables

were different between pools with and without steelhead trout. These results can

be found in Table 1.
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Pools with coho salmon were larger in area, had higher rates of large woody

material, and deeper residual pooi depths compared to pools without the species

(Figure 3). The same was true for pools with steelhead trout. Pools with

cutthroat trout were shorter in length compared to both the overall mean and pools

without the trout. Cutthroat trout occupied pools with widths and residual pooi

depths near the overall mean but with large woody material rates 10 percent

higher than the overall mean.

Much like the salmonid community results, each study species expressed a unique

profile over the entire suite of habitat variables when displayed as a percentage of

their overall means (Figure 3). Steelhead utilized the widest pools with the

highest rates of large woody material and deepest residual pooi depths compared

to coho salmon and cutthroat. Coho salmon occupied the longest pools that had

the lowest rates of large woody material compared to the other two other study

species. Additionally, the salmon were found in pools that were wider and deeper

than pools associated with cutthroat but narrower and shallower compared to

pools associated with steelhead. Finally, cutthroat trout occupied poois where the

mean values were shorter in length compared to the other two study species, the

overall mean and poois with no fish present. The pools cutthroat were found in

had narrower widths, and shallower residual pool depths compared to pool means

for steelhead and coho salmon.
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Nestucca Sub-Basin

Pools with at least one study species in the Nestucca Sub-Basin had different

habitat characteristics than pools without any fish. Habitat characteristics were

also different in pools that had 2 or more species compared to pools with less than

2 species. Finally, the habitat suite was different in pools with all three study

species compared to pools with less than the three species. A complete summary

of these results can be found in Table 2.

The Nestucca Sub-Basin had 258 surveyed pools. These pools had a mean length

of 7.88 +1- 0.52 meters, a mean width of 2.98 +1- 0.10 meters, having 0.0736 +1-

0.018 pieces of large wood and having a residual pool depth of 0.3 +1- .01 meters.

At least one of the three study salmonid species was found in 188 pools. Two or

more were found in 49 pools and 14 pools had all three study species present.

Cutthroat were present in 164 of these pools while coho salmon were found in 40

pools and finally steelhead were found in 46 of the surveyed pools. Table 2

displays all of the habitat characteristics for pools in the Nestucca Sub-Basin.

Pools that had one of the three salmonid species present were shorter in length yet

had twice the rate of large woody material, and shallower residual pool depths

compared to pools without any of the study species (Table 2). Pools with two or

more of the species present were longer, wider, had higher large woody material

rates and deeper residual pool depths than pools with less than two of the fish

present (Table 2). Furthermore, pools that contained all three species were wider,



Table 2. Pool characteristics of the Nestucca Sub-Basin including salmonid communities and species groupings. Group means
and 95 % confidence intervals (CI) are presented.

Length CI
(m) (m)

Width
(m)

CI
(m)

Large
Woody
Material

CI Residual
Pool
Depth
(m)

CI
(m)

Overall Mean 7.88 +1- 0.52 2.98 +1- 0.09 0.074 +1- 0.0 18 0.30 +7- 0.01

Samonid Community

Species Absent 9.46 +1- 0.64 2.71 +1- 0.12 0.043 +/-0.022 0.32 +1- 0.02
1 Species Present 7.29 +7- 0.87 3.08 +1- 0.13 0.085 +7- 0.024 0.30 +1- 0.02

Less than 2 Species Present 6.9 +7- 0.53 2.73 +7- 0.09 0.072 +/-0.019 0.28 +7- 0.01
2 Species Present 12.04 +7-2.23 4.04 +7- 0.29 0.082 +1- 0.040 0.39 +1- 0.04

Less than 3 Species Present 7.15 +7-0.33 2.88 +1- 0.09 0.074 +7-0.017 0.29 +7- 0.01
All 3 Species Present 20.52 +7- 7.27 4.74 +1- 0.50 0.071 +/-0.071 0.57 +1- 0.06

Salmonid Species

Cutthroat Trout Absent 8.72 +1- 0.69 2.89 +1-0.13 0.064 +1- 0.025 0.29 +7- 0.02
Cutthroat Trout Present 7.39 +7- 0.72 3.03 +7-0.13 0.079 +7- 0.023 0.31 +7- 0.02

Coho Salmon Absent 7.15 +1-0.35 2.76 +1- 0.09 0.064 +7-0.018 0.29 +7- 0.01
Coho Salmon Present 11.84 +/-2.74 4.18 +7-0.33 0.125 +1-0.050 0.39 +1- 0.04

Steelhead Absent 6.97 +1- 0.36 2.79 +7- 0.10 0.075 +7-0.194 0.29 +7- 0.01
Steelhead Present 12.05 +7- 2.37 3.83 +1-0.26 0.065 +1- 0.037 0.35 +7- 0.04



Table 2. Pool characteristics of the Nestucca Sub-Basin including salmonid communities and species groupings. Group means
and 95 % confidence intervals (CI) are presented. (Continued)

Number of Pools MRPP Results

Overall Mean 258

Samonid Community

Species Absent 70 p==o.000
1 Species Present 188 A=0.017

Less than 2 Species Present 209 prO000
2 Species Present 49 A=0.0322

Less than 3 Species Present 244 p=O.000
All 3 Species Present 14 A=O.025

Salmonid Species

Cutthroat Trout Absent 94 p =0.002
Cutthroat Trout Present 164 A=0.012

Coho Salmon Absent 218 p=0.O01
Coho Salmon Present 40 A=0.013

Steelhead Absent 212 p=O.000
Steelhead Present 46 A = 0.024
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present (Table 2). Furthermore, pools that contained all three species were wider,

had lengths that were over 2.8 times as long, and almost twice the residual pools

depth in comparison to pools with less than the 3 study species (Table 2).

The salmonid community with all of the study species occupied pools that had the

longest mean length, over 2.5 times the overall mean and well above that of the

other two communities. This community also occupied pools that were wider and

deeper than the other two communities. Although the pools were larger and

deeper, the large woody material rate was less than the other two communities

(Figure 4). Pools with 2 or more of the study species were characterized by a

mean pooi dimensions that were larger and a mean pool depth that was deeper

than pools associated with just one fish. At the same time the poois were not as

deep as pools associated with all 3 species. Pools with at least 1 fish were shorter,

narrower and had more shallow residual pooi depths compared to the other two

salmonid communities. Pools associated with at least one study species had the

highest rate of large woody material compared to the other two communities

(Figure 4).

Pools associated with no fish had the shortest mean width and the lowest rate of

large woody material compared to the salmonid communities, Compared to both

the overall mean and the community with at least one salmonid species poois with

no fish were longer and deeper (Figure 4).
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Habitat variables in the Nestucca Sub-Basin were different between pools with

and without cutthroat trout. The same characteristics were also different between

pools with coho salmon compared to those without. Finally, the habitat variables

were different between poois with and without steelhead trout. These results can

be found in Table 2.

Pools with cutthroat were shorter compared to pools that did not have the species

present. Further, pools where coho were found were larger, deeper and had

almost twice the amount of large woody material compared to pools where the

species was absent. Pools with steelhead had larger, deeper pools with less large

woody material than pools where they were absent.

The species pool utilization response for coho expressed width, large woody

material and residual pool depth higher than both cutthroat and steelhead (Figure

5). Steelhead occupied pools with the highest percentage mean values for length

but the lowest for large woody material. Cutthroat were found in pools that had a

length of 94 percent of the overall mean and were well below the steelhead and

coho values (Figure 5).
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MRPP Reach Analysis

Alsea Sub-Basin

There were 259 reaches surveyed in the Alsea Sub-Basin totaling approximately

275.99 kilometers (sum of raw estimates not applying correction factors per

reach) of stream. At least one salmonid species was found in 226 reaches. Two

or more study species were found in 105 reaches and all three species were found

in 39 reaches. Cutthroat trout were present in 209 reaches while 94 had coho and

steelhead were found in 56. Table 3 displays reach characteristics for the Alsea

Sub-Basin as well as all community and species groupings.

Reaches with at least one study species in the Alsea Sub-Basin had different

habitat characteristics than reaches with fish absent. Habitat characteristics were

different in reaches that had 2 or more species in them compared to reaches with

less than 2 species. Finally, the habitat suite was different for reaches with all

three study species present compared to reaches with less than the three species.

A complete summary of these results can be found in Table 3.

Reaches with at least one salmonid species present had more pools with higher

rates per kilometer, yet had lower mean pooi area. They were also typified by

more pieces of large woody material and higher rates per kilometer of that

material. Large woody material rates were 3 times greater as compared to reaches

without any of the study species. Reaches with two or more species present were

35



Table 3. Reach characteristics of the Alsea Sub-Basin including salmonid communities and species groupings. Group means
and 95 % confidence, intervals (CI) are presented.

Sinuosity CI Number CI
of Pools

Pools CI
per (k)

Percent
Pool
Area

CI
(m)

Overall Mean 1.82 +1- 0.23 42.25 +7- 3.80 34.76 +7- 2.02 41.29 +7- 3.27

Samonid Community

Species Absent 1.44 +7- 0.33 29.36 +7- 7.64 26.58 +7-5.10 46.48 +7- 9.13
1 Species Present 1.88 +1-033 44.14 +7-4.15 35.96 +7-2.16 40.54 +7- 3.51

Less than 2 Species Present 1.68 +7- 0.35 37.42 +1- 4.45 34.54 +7- 2.88 38.15 +7- 433
2 Species Present 2.02 +1-0.31 49.34 +7- 4.53 34.17 +7-2.68 45.91 +1- 4.92

Less than 3 Species Present 1.69 +1-0.25 40.88 +7-4.19 35.8 +7- 2.29 40.13 +7- 3.57
All 3 Species Present 2.58 +1- 0.55 50.00 +1- 8.39 28.9 +7- 3.27 47.85 +7- 8.21

Salmonid Species

Cutthroat Trout Absent 1.40 +7-0.25 41.36 +1- 10.82 36.47 +7- 5.82 45.97 +1- 7.11
Cutthroat Trout Present 1.92 +7- 0.29 42.47 +7-3.94 34.36 +1- 2.10 40.18 +7- 3.68

Coho Salmon Absent 1.66 +1- 0.31 36.81 +7- 4.72 34.74 +7- 2.76 36.56 +7- 4.08
Coho Salmon Present 2.09 +7- 0.33 51.82 +1-5.92 34.80 +7- 2.78 49.60 +7- 5.13

Steelhead Absent 1.71 +1- 0.27 41.48 +1-4.45 35.97 +7- 2.39 41.22 +7- 374
Steelhead Present 2.22 +1- 0.41 45.05 +1- 6.84 30.37 +7- 3.37 41.57 +7- 0.16



Table 3. Reach characteristics of the Alsea Sub-Basin including salmonid communities and species groupings. Group means
and 95 % confidence intervals (CI) are presented. (Continued)

Overall Mean

Samonid Community

Pieces
of Large
Wood

4.75

CI

+1- 0.98

Large
Wood
per (k)

8.99

CI

+1- 1.51

Number
of Reaches

259

MRPP Results

Species Absent 1.11 +/-0.53 3.23 +1-2.00 33 p=O.000
1 Species Present 5.29 +1- 1.10 9.84 +1- 0.10 226 A=O.013

Less than 2 Species Present 3.78 +1- 1.02 8.64 +1- 1.64 154 p 0.000
2 Species Present 6.18 +1- 1.92 9.52 +1-2.86 105 A=0.013

Less than 3 Species Present 4.23 +1- 0.96 8.88 +1- 1.67 220 p 0.001
All 3 Species Present 7.69 +1- 3.61 9.63 +1- 3.74 39 A = 0.008

Salmonid Species

Cutthroat Trout Absent 1.55 +1- 0.69 4.97 +1- 2.70 50 p = 0.000
Cutthroat Trout Present 5.52 +1- 1.20 9.96 +1- 1.74 209 A=0.008

Coho Salmon Absent 4.46 +1-1.16 9.94 +1-2.12 165 p=O.000
Coho Salmon Present 5.28 +1- 1.80 7.34 +1- 2.12 94 A=0.0l8

Steelhead Absent 3.77 +/-0.88 7.87 +1- 1.33 203 p =0.000
Steelhead Present 8.31 +1- 3.12 13.05 +1- 5.00 56 A = 0.020
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characterized by more pools and higher pooi area but a lower rate of pools per

kilometer; additionally they had more large woody material and higher rates per

kilometer compared to reaches with less than 2 salmonid species present.

Reaches with all three study species present had sinuosity values that were higher,

more pools and pool area but lower rates of pools per kilometer. These reaches

also had higher quantities of large wood and rates of that wood per kilometer in

contrast to reaches without the full compliment of fish. Table 3 displays all of the

Alsea Sub-Basin reach characteristics.

Reaches with all three species present had the highest sinuosity values, percent

pool area, and pieces of large woody material expressed as a percentage of the

overall mean and compared to the other two salmonid communities (Figure 6).

The same profile also showed the pool rate as the lowest compared to the other

two communities.

Reaches with at least one species had sinuosity values, number of pools, percent

pooi area and number of pieces of large woody material below both the

communities described by at least 2 and 3 fish (Figure 6). Reaches with at least

1 fish had the highest rates of both poois and pieces of large woody material per

kilometer compared to the communities with at least 2 and 3 fish. Lastly, reaches

with at least 2 salmonid species expressed profiles between the other two

communities for sinuosity, number of pools, and number of pieces of large woody

material (Figure 6).
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Except for the percent pooi area attribute, all three of the salmonid communities

have response curves are greater than the no salmonids curve. The reach

variables together as a suite of attributes clearly show a quantitative separation

reflecting the different communities utilizing reaches uniquely.

Habitat variables in the Alsea Sub-Basin were different for reaches with or

without cutthroat trout. Habitat characteristics were different for reaches with

coho salmon compared to those without. Finally, habitat variables were different

for reaches with and without steelhead trout. Complete MRPP test results and

group characterizations are in Table 3.

Reaches with cutthroat had lower pooi area, lower pools per kilometer and 3.5

times as many pieces of large woody material compared to reaches without the

trout. Reaches with coho had greater numbers of pools and more pooi area

compared to reaches without the salmon. Finally, reaches that had steelhead also

had more pools but a lower pooi per kilometer rate, twice as many pieces of large

woody material and almost double the rate of large wood per kilometer compared

to reaches without steelhead.

Coho in the Alsea Sub-Basin occupied reaches that had the largest number of

pools and the highest percent pool area compared to steelhead or cutthroat reaches

(Figure 7). Additionally, these same reaches had the lowest pieces of large

woody material per kilometer compared to the other two study species. The
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profile of the steelhead reach comprised the highest values of sinuosity, pieces of

large woody material and large woody material per kilometer as a percentage of

the overall mean (Figure 7). At the same time the steelhead profile expressed the

lowest value of pools per kilometer compared to the other study species. The

cutthroat response curve followed the overall mean very closely (Figure 7), yet

had the lowest values for sinuosity and percent pooi area compared to both the

steelhead and coho profiles.

Each species in the Alsea Sub-Basin exhibited a different and unique response

curve reflecting the quantitative utilization of reach habitat. There were

similarities among the aggregate salmonid community response curves and the

species specific ones, yet each species occupied different habitats within different

types of reaches.

Nestucca Sub-Basin

Reaches with at least one study species in the Nestucca Sub-Basin had different

habitat characteristics than reaches with fish absent (Table 4). Habitat values

were different in reaches that had 2 or more species in them compared to reaches

with less than 2 species. Finally, the suite of habitat characteristics was different

for reaches with all three study species compared to reaches with less than the

three species. A complete summary of these results can be found in Table 4.



Table 4. Reach characteristics of the Nestucca Sub-Basin including salmonid communities and species groupings. Group
means and 95 % confidence intervals (CI) are presented.

Sinuosity CI Number CI
of Pools

Pools CI
per (k)

Percent
Pool
Area

CI
(m)

Overall Mean 1.11 +/-0.23 42.38 +1-7.57 43.40 +/-7.08 26.41 +/-3.94

Samonid Community

Species Absent 1.07 +7-0.04 34.36 +7-11.19 26.41 +7- 11.62 25.89 +1- 5.53
1 Species Present 1.12 +7-0.04 45.23 +7- 9.07 48.07 +1- 11.62 26.55 +7- 4.80

Less than 2 Species Present 1.10 +/-0.04 32.92 +1- 8.51 41.53 +1- 10.51 24.52 +7- 5.19
2 Species Present 1.11 +7-0.04 56.93 +1- 11.99 46.04 +1- 8.56 29.06 +7- 5.98

Less than 3 Species Present 1.10 +7-0.04 40.20 +/-8.13 45.21 +7-8.11 24.43 +7- 394
All 3 Species Present 1.12 +1-0.06 57.7 +1- 18.58 33.49 +7- 4.53 37.31 +7- 11.92

Salmonid Species

Cutthroat Trout Absent 1.09 +1-0.04 34.23 +1- 10.99 30.08 +1- 9.35 29.82 +7- 5.59
Cutthroat Trout Present 1.11 +/-0.04 46.43 +1- 9.54 48.91 +1- 8.80 25.00 +7- 5.04

Coho Salmon Absent 1.11 +7-0.04 36.08 +7- 7.57 42.21 +7- 8.78 23.45 +7- 4.35
Coho Salmon Present 1.09 +1- 0.04 62.12 +7- 16.69 46.78 +7- 11.07 34.78 +7- 7.51

Steelhead Absent 1.09 +7-0.04 39.74 +7- 9.62 46.05 +7- 10.02 24.83 +1- 4.64
Steelhead Present 1.13 +1- 0.04 49.04 +1- 11.92 38.23 +7-7.15 29.50 +7- 7.23



Table 4. Reach characteristics of the Nestucca Sub-Basin including salmonid communities and species groupings. Group
means and 95 % confidence intervals (CI) are presented. (Continued)

Pieces
of Large
Wood

CI Large
Wood
per (k)

CI Number MRPP Results
of Reaches

Overall Mean 6.46 +1- 2.59 7.79 +1- 3.33 65

Samonid Community

Species Absent 1.36 +1- 1.29 4.31 +1-7.47 14 p =0.000
1 Species Present 7.86 +1- 3.17 8.74 +1- 3.70 51 A = 0.045

Less than 2 Species Present 3.21 +7-0.90 7.11 +7-4.88 38 p=O.009
2 Species Present 11.04 +7-0.90 8.74 +/-4.88 27 A=0.024

Less than 3 Species Present 6.51 +7-3.00 8.46 +/-3.86 55 pO.O24
All 3 Species Present 6.20 +1- 3.55 4.09 +7- 3.33 10 A = 0.018

Salmonid Species

Cutthroat Trout Absent 2.95 +7-2.16 6.28 +7-6.15 19 p=O.004
Cutthroat Trout Present 7.91 +1- 3.47 8.41 +7- 3.98 46 A = 0.030

Coho Salmon Absent 4.48 +1- 2.39 7.00 +1- 3.94 48 p = 0.008
Coho Salmon Present 11.76 +1-6.76 10.01 +1-6.15 17 A=0.025

Steelhead Absent 5.95 +7- 3.12 9.07 +1- 4.82 43 p = 0.182
Steelhead Present 7.45 +1- 4.70 5.29 +1- 2.55 22 A = 0.005
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There were 65 reaches of surveyed streams in the Nestucca Sub-Basin totaling

approximately 164.15 kilometers (sum of raw estimates not applying correction

factors per reach). At least one of the study species was found in 51 reaches.

Twenty seven reaches contained at least two of the species and 10 had all three.

Cutthroat trout were found in 46 reaches with coho inhabiting 17 and steelhead 22

reaches.

Reaches with salmonid species had more pools, much higher rates of pools per

kilometer, 5.8 times the amount of large woody material and more than twice the

rate of that wood per kilometer compared to reaches without the fish (Table 4).

Reaches with two or more of the study species had more pools with larger areas

and higher frequencies per kilometer. Additionally, these reaches had more

pieces of large woody material and higher rates per kilometer of it (Table 4).

Reaches where all the study fish were present had more pools, yet lower pool and

large woody material per kilometer rates compared to reaches with less than the 3

species present.

Reaches with at least one salmonid had the lowest number of pools yet the highest

pools per kilometer as measured as a percentage of the overall mean and

compared to the other two communities (Figure 8). The salmonid community

with 3 or more species was associated with reaches that had the highest percent

pool area values compared to the other two study communities. The same reaches

also had the lowest values for number of pieces of large woody material and rate
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of that material per kilometer. Finally, the community with 2 or more fish had a

profile between salmonid communities with at least 1 and at least 3 fish (Figure

8).

Habitat variables in the Nestucca Sub-Basin were different between reaches with

and without cutthroat trout. Habitat characteristics were also different between

reaches with coho salmon compared to those without. Finally, habitat variables

were not different between reaches with and without steelhead trout. Complete

IVIRPP test results and group characterizations are in Table 4.

Reaches with cutthroat had higher number of pools and much higher rates of

pools per kilometer. Likewise, they had higher number of pieces of large woody

material and rates per kilometer. Reaches with coho had more, larger and a

higher frequency of pools per kilometer in addition to more large woody material

at higher rates per kilometer. The suite of habitat values in reaches with steelhead

trout (n 22) were not different than those with steelhead trout (n = 43) in the

Nestucca Sub-Basinp 0.1820 with a chance-corrected agreement statistic of A

0.0052.

Coho occupied reaches that had the more pools, larger percentage of pools, more

pieces of large woody material and higher rates of that wood compared to reaches

associated with cutthroats (Figure 9). The cutthroat profile expressed lower
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values of large wood and pools but higher values of pools per kilometer compared

to the coho (Figure 9).

The profile for reach characteristics with no salmonids ranked the lowest for all

habitat variables except for percent pooi area where the cutthroat profile was

lowest (Figures 8 and 9). Tn most cases the individual habitat parameters were

well below the overall means. The reach variables together as a suite of attributes

clearly show a quantitative separation reflecting different communities utilizing

the reaches uniquely.

Figure 9 displays the multivariate profiles at the reach scale for all the study

species in the Nestucca Sub-Basin, Each species exhibits a different response

curve reflecting the quantitative utilization of reach habitat. There are some

similarities between the multiple salmonid community response curves and the

species specific ones, yet each individual species were uniquely utilizing reaches

in the Nestucca Sub-Basin.



DISCUSSION

The relationship between salmonid communities and the constituent individual

species in those communities varied at both the pool and reach ecological levels.

This was observed in both the Alsea and Nestucca Sub-Basins and between them.

The relationship between the number of species present in the salmonid

community and the features of pools differed between the two sub-basins. In the

Alsea, as the number of species in the communities increased, pool complexity

increased, which was reflected in pool length, width, residual pool depth and large

woody material. As salmonid community membership increased the pools they

inhabited were larger, and deeper, and in the Alsea Sub-Basin, had more large

woody material. Larger units have a greater array of velocities and micro habitat

than smaller units. Deeper units provide greater opportunity for vertical

partitioning than shallower units (Reeves et al. 1997). Lonzarich and Quinn

(1995) found that numbers ofjuvenile coho salmon, cutthroat trout and 1+

steelhead were directly correlated with pooi depth. The combination of

parameters describe a number of features of niches (Reeves et al. 2002) which

increases the potential for more species (Sheldon 1968, Evans and Noble 1979,

Angermeier 1987). This is consistent with apparent decrease in assemblage

diversity ofjuvenile anadromous salmonid assemblages to decreased habitat

complexity (Reeves et al. 1993).
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Pool complexity did not clearly increase with increases in salmonid community

membership. Pools with all species present were the longest and the deepest. The

relationship with large woody material was unclear. Pools that were occupied by

all 3 species had the least amount of wood while pools with only a single

community member had the highest amounts. I am unable to offer an explanation

at this time.

Species specific relationships to the suite of habitat parameters in pools differed

among species and between the two sub-basins. In the Alsea Sub-Basin steelhead

occupied the widest, deepest pools with the most amount of large wood. In

contrast coho salmon were found in pools that were longer, not as wide, had less

large woody material and were not as deep compared to steelhead. Lonzarich and

Quinn (1995) observed a general increase in the number of fish species with

increasing pooi depth and amount of wood. Much like the results of this study,

each species responded to habitat features differently. Salmonids partition habitat

by interactive and selective segregation (Nilsson 1967). Selective segregation

involves differential use of available resources (Nilsson 1967). The species

profiles at the pool level display a segment of selective segregation. Coastal

cutthroat trout for example have developed a variety of habitat partitioning

techniques, subordinate behaviors and a flexible life history all of which reduce

competition with other species (Johnson et al. 1997). Having knowledge of how

fish partition habitat provides insight for evaluating proposed management
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activities (Reeves et al. 2002). The species specific profiles add to the knowledge

of quantitative habitat partitioning.

Coho salmon occupied the deepest, widest pools with the most large woody

material in the Nestucca Sub-Basin, approximately the same response curve

steelhead occupied in the Alsea Sub-Basin. This variability between the Alsea

and Nestucca Sub-Basin is consistent with Hicks and Hall (2002) studies that

suggest streams in basalt and sandstone have different potential capacities for

salmonid communities and clearly different physical habitat attributes controlled

by large scale landforms (Grant and Swanson 1995, Montgomery and Buffington

1997, Montgomery et al. 1998). The Nestucca Sub-Basin is dominated by

sandstone from the Tyee Formation while the Alsea Sub-Basin has more basalt

geology. The more erosive and softer siltstones of the Nestucca Sub-Basin

expressed more pools per kilometer, yet were smaller than the pools in the Alsea.

Riparian vegetation in the Nestucca Sub-Basin may be more prone to enter the

stream system and affect the physical habitat attributes because of less stable

landforms.

Cutthroat trout responded similarly in both sub-basins and have very similar

patterns reflected in their pool utilization profiles. All habitat parameters are very

near the overall mean with slightly depressed values at length and slightly

elevated values at mean large woody material rate. This may reflect the large

sample size of pools with cutthroat 78% and 64% for the Alsea and Nestucca Sub-
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Basins respectively. The Alsea Sub-Basin had coho salmon in 30% and steelhead

in 11% of study pools. The Nestucca Sub-Basin had coho in 15% and steelhead

in 18% of its study pools.

Pools with no salmonid species present also reflected very similar patterns

between the two basins. In both landscapes the habitat attributes are generally

well below both the overall mean and the other salmonid community profiles.

The response curve has very low mean amount of large woody material, yet a

mean pool length that is above both the overall and cutthroat trout mean. The

presence of the three study species were associated with pooi habitat attributes at

or near their overall imean except for shorter pooi length. Both individual species

as well as the communities were generally not associated with the higher ends of

the attribute distributions. That is, it seems more important to have the full

compliment of habitat attributes at mean levels compared to having single

attributes at well above the mean values.

The relationship between the number of salmonid species present and habitat

features of reaches varied within and between the two sub-basins. Each salmonid

community expressed a unique profile within the sub-basin. In general, as reach

complexity increased in the Alsea Sub-Basin the number salmonid species per

reach increased. Most of the constituent habitat parameters associated with each

salmonid community had values near or above the overall mean. At the same

time, except for percent pool area, the habitat parameters associated with no fish
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were 20 to 77 percent below the overall means. This profile represents reaches

with the least amount of physical complexity and heterogeneity. Habitat

complexity is difficult to quantify but linking together the habitat parameters was

an attempt. Others have found that juvenile salmonid assemblage response to

decreased habitat complexity was a decrease in assemblage diversity (Hicks 1990,

Reeves et al. 1993, Bisson and Sedell 1984,). Reeves et al. (1997) found that

changes in pool depth and complexity may reduce habitat suitability, reduce

carrying capacity and force juvenile cutthroat trout to compete with other species.

Horan et al. (2000) found juvenile Colorado River cutthroat trout (0. Clarki

pleuriticus) were positively correlated to the extent of large woody debris and

negatively related to residual pooi depth and stream width.

There was not a clear relationship between increases in habitat components

(pools, large woody material, etc.), in other words reach complexity, and the

number of salmonids present in the communities. For example, large woody

material per kilometer was greater in reaches with no fish compared to reaches

with all three study species. One explanation for this may be the ever decreasing

number of reaches in the analysis; fewer and fewer stream segments meet the

criteria as more species define the community groups. The variability and

confidence intervals increase with the lower number of reaches. The salmonid

community defined by the presence of all three species only had 10 reaches

representing approximately 15 percent of all reaches in the Nestucca Sub-Basin.
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The species specific response curves for reaches with cutthroat trout and for fish

absent are generally similar between the Alsea and Nestucca Sub-Basins. In both

sub-basins the entire habitat suite was very near the overall mean with slightly

elevated large woody material mean for cutthroat trout. Similarly, the response

curves representing no fish reflected values well below both the overall mean and

all other species specific curves. In both sub-basins percent pool area was the

exception. This parameter was near or above the overall mean and above at least

one species in both landscapes.

The relationship of reach habitat attributes to both coho salmon and steelhead

were different between and within the two sub-basins. Each species reflected a

unique position within its basin in relation to the other study species. Steelhead

occupied reaches with the most large woody material values in the Alsea Sub-

Basin, while coho salmon occupied reaches with the same characteristics in the

Nestucca Sub-Basin. The underlying geology and subsequent vegetation patterns

may well explain this. The Nestucca Sub-Basin lies within the Tillimook Shield a

section of softer sedimentary material more prone to landslides. Hicks and Hall

(2003) suggest that streams in basalt and sandstone, much like the two study sub-

basins, have different potential capacities for salmonid communities and physical

habitat characteristics. Burnett et al. (2003) identified streams with intrinsic

potential to support steelhead and coho salmon in the Nestucca River Basin based

on landforms and functions of channel gradient, valley constraint and mean

annual discharge. These landform differences bounded by process domains



(Montgomery 1999), may explain some of the within and between basin

variability expressed in the species specific profiles for coho salmon and

steelhead.

At both the pooi and reach ecological scales, salmonid species and community

presence may be used to characterize habitat parameters and more appropriately

guide land management and stream restoration. The National Marine Fisheries

Service's (NMFS) recent approach to habitat management requires a

determination of habitat condition (NMFS 1996, NMFS 1999). A watershed,

stream or reach is analyzed with a matrix of quantified habitat parameters framing

the following results; "properly functioning", "at risk", and "not properly

functioning" (NMFS, 1996, NMFS, 1999). Results represent a portion of

Endangered Species Act (U.S. Laws, Statutes, etc. 1973) consultation and

jeopardy decisions. Another approach to aquatic management is to characterize

habitat parameters in a given area and set management goals and objectives at the

third quartile of the distribution (PACFISH 1995). Both of these approaches

make the assumption that the upper end of the habitat distributions should be

viewed as quantitative goals for management or restoration.

Although this study and its findings can not be directly evaluated against the

aforementioned habitat analysis techniques, some methodology comparisons can

be made. Traditional habitat analyses look exclusively at the physical in-stream

parameters and then apply those results back to aquatic species. In this study, the
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presence or absence of salmonids defined test groups and integrated biology into

the physical habitat analysis so the results are directly applicable back to the

species and community definitions used. The use of presence or absence instead

of density values of salmonids allowed an appropriate application of data initially

collected only to answer questions of relative abundance. The MRPP analysis

allowed a suite of habitat parameters to be evaluated together in a non-parametric

procedure. This contrasts with factor by factor treatment NMFS employs as well

as other traditional habitat analyses.

Although the objective of this study was not to set habitat goals and expected

outcomes, but to evaluate differences in habitat suites and characterize them,

arraying the two together may provide insight to land managers. Pool and large

woody material frequency appear in both this study and the NMFS "Matrix of

Pathways and Indicators" (NMFS 1996). Additional habitat parameters were

present in the NMFS analysis as well as this study. Using the two common

parameters, the NMFS procedure (1996) delineates properly functioning reaches

in the Alsea and Nestucca Sub-Basins as having greater than 49.7 pieces of large

wood per kilometer and pooi frequencies of 59.6 pools per kilometer or greater.

Compared to the Alsea Sub-Basin the large woody material criteria for properly

functioning streams is more than 5 times both the overall mean and the mean for

reaches with salmonid species present. When compared to reaches with no study

species, the criteria is over 15 times higher. Comparing the pooi frequency
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criteria for properly functioning streams to both the overall mean and the mean

for reaches with salmonids, it is over 1.5 times higher. The properly functioning

condition target frequency for pools is also 2.2 times that of reaches with fish

absent.

Comparing the NMFS properly functioning criteria to the Nestucca Sub-Basin is

similar to the Alsea Sub-Basin. Both the overall mean and the mean for reaches

with salmonid species present are over 5.5 times lower than the NMFS criteria.

Pool frequency was higher in the Nestucca compared to the Alsea Sub-Basin thus

both the overall mean and the mean for reaches with salmonids present were only

1.2 times less than the target criteria. Finally reaches with no study species

present were 2.2 times lower than the target criteria much like the Alsea Sub-

Basin.

These comparisons give insight to how the species and communities are utilizing

existing habitat in comparison to theoretical habitat objectives. Pool frequency

was lower in the Alsea Sub-Basin compared to the Nestucca. This variability is

partially attributed to the general differences in geology with the Alsea being

dominated by more resistant basalt and the Nestucca primarily being made up of

sand and silt stone. Hicks and Hall (2003) also reported this difference in pool

frequency between rock types in the Oregon Coast Range. This variability is an

important context to take into consideration when applying broad habitat goals

and criteria like that prescribed in the NMFS "Matrix of Pathways and Indicators"
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(NMFS 1996). Utilizing the species specific and community profiles may provide

an interim step for habitat capability guidance applied site specifically. In other

words, the results of this analysis may represent the first step or milestone

condition describing a suite of habitat variables where salmonid species are

currently found at multiple scales. The next step may be higher quality habitat

with longer term goals like those set out in the NIMFS procedures (NMFS 1996).



CONCLUSION

Combining habitat variables together in a suite of response attributes reflects the

complexity and interrelated nature of aquatic systems. Torgersen et al.(l 999) and

others note that salmon may be responding to multiple habitat characteristics

simultaneously and anticipated differences between sub-basins. Habitat

complexity is difficult to explicitly quantify but is usually determined by the

amount of structural elements such as wood and depth of a habitat unit (Reeves et

al. 2002). As difficult as this may be Karr (1999) cites that effective multimetric

indices are necessary to give reliable signals of river condition, and relevant

biological patterns. This study begins to document how suites of habitat

characteristics respond together and are differentially utilized.

There have been numerous stream habitat analyses completed replete with

recommendations, but few have used aquatic ecology to frame the physical

attribute analysis. Karr and Chu (1999) question the ability to say something

about the condition of the environment when biological data is lacking. Letting

the biology help guide the habitat analysis provides for direct applicability of the

results in restoration. The approach of using presence or absence data may extend

monitoring resources as full population enumeration is not necessary.

Land management must take into consideration multiple aquatic ecological scales

for effective stream and watershed restoration. Reeves et al. (2002, 2004) express
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the need to move from small spatial scales to larger ecosystem and landscape

contexts as aquatic restoration is embarked upon. Differences in the suite of

habitat variables may guide stream and watershed restoration as a better

understanding is obtained of 1) the habitat needs of specific salmonid species, 2)

the habitat needs of salmonid con-imunities, 3) the interrelationships of species

and communities with one another, 4) the relationship of the multiple attributes

themselves.
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APPENDIX A

In addition to the individual Alsea and Nestucca Sub-Basin analyses, I combined

the two datasets at both the pooi and reach level to represent coastal Oregon. The

following are the results of the MRPP analysis.

Pool Analysis for the Alsea and Nestucca Sub-Basins

The suite of habitat variables were different in pools that had at least one

salmonid species present versus none. Habitat variables were different in pools

that had two or more of the salmonid species present versus pools with less than

two species of the salmonids present. Finally, pools with all three study species

present were different than pools with at least one species absent. A summary of

pooi characteristics can be found in Table 5.

Pools that that had at least one of the three salmonid species present were

characterized by shorter lengths, larger widths, and higher large woody material

rates compared to pools with none of the three salmonids present. Pools that had

more than two species of the salmonids were longer in length, larger in width, had

a higher large woody material rate and a deeper residual pool depth. Pools that

had all three species present were larger with residual pool depths and large

woody material rates that were twice those with less than three of the salmon

species present.
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Table 5. Pool characteristics of the Alsea and Nestucca Sub-Basins including salmonid communities and species groupings.
Group means and 95 % confidence intervals (CI) are presented. (Continued)

Overall Mean

Samonid Community

Number of Pools

1175

MRPP Results for
Length, Large Wood
and Residual Pool Depth

MRPP Results for
Width, Large Wood
and Residual Pool Depth

Species Absent 268 p=o.000
1 Species Present 907 A =0.004

Less than 2 Species Present 262 P = 0.000
2 Species Present 912 A=0.051

Less than 3 Species Present 1109 p=0.000
All 3 Species Present 65 A=0.003

Salmonid Species

Cutthroat Trout Absent 408 p=0.003 p = 0.003
Cutthroat Trout Present 767 A=0.003 A = 0.003

Coho Salmon Absent 860 p=0.000 p = 0.000
Coho Salmon Present 315 A=0.003 A=0.549

Steelhead Absent 1025 p=0.000 p = 0.000
Steelhead Present 150 A=0.010 A=0.028



Table 6. Reach characteristics of the Alsea and Nestucca Sub-Basins including salmonid communities and species groupings.
Group means and 95 % confidence intervals (CI) are presented.

Sinuosity Cl Number Cl
of Pools

Pools Cl
per (k)

Percent
Pool
Area

CI
(m)

Overall Mean 1.68 +7-0.18 42.38 +7-3.39 36.49 +7-2,18 38.31 +7- 2.80

Samonid Community

Species Absent 1.33 +7- 0.23 30.85 +7- 6.29 26.53 +1- 4.90 40.35 +1- 7,11
1 Species Present 1.74 +7- 0.22 44.34 +7- 3.76 38.19 +1- 2.33 37.96 +1- 3.06

Less than 2 Species Present 1.57 +/-0.27 36.53 +1- 4.37 36.43 +1- 3.10 35,45 +1- 3,07
2 Species Present 1.84 +1-0.25 50.89 +1-5.02 36.60 +1- 2.88 42.45 +1- 4.25

Less than 3 Species Present 1.57 +/- 0.22 40.75 +7- 3.72 37.68 +1- 2,49 36.99 +1- 3.04
All 3 Species Present 2.28 +1- 0.45 51.57 +1-7.64 29.84 +/-3.80 45.70 +1- 7.04

Salmonid Species

Cutthroat Trout Absent 1.32 +7-0.18 39.42 +/- 8.39 34.71 +/-4.94 41.52 +1- 5.62
Cutthroat Trout Present 1.77 +1-0.23 43.18 +7-3.65 36.98 +1- 2.43 37.44 +1- 3.23

Coho Salmon Absent 1.54 +7-0.25 36.64 +7-4.02 36.42 +/- 4.90 33.61 +7- 3.40
Coho Salmon Present 1.94 +1- 0.29 53.40 +1-5.64 36.63 +1- 2.98 47.33 +7- 4.61

Steelbead Absent 1.60 +1- 0.23 41.18 +/-4.04 37.74 +1- 2.67 38.35 +7- 3,30
Steelhead Present 1.91 +1- 0.31 46.18 +7-5.92 35.59 +1- 3.21 38.71 +1- 5.39
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Pool habitat variables were different based on the presence or absence of each of

the study species. Pools that held cutthroat were shorter in length and had more

large woody material. Pools that had coho salmon were longer, wider, deeper and

had a higher large woody material rate compared to those that did not hold them.

Pools that held steelhead were larger in surface area, had a higher rate of large

woody material and had deeper residual pool depths.

Reach Analysis for the Alsea and Nestucca Sub-Basin

In addition to analyzing habitat characteristics at the pool level, stream attributes

were aggregated and analyzed at the stream reach context. There were 324

reaches surveyed in the Alsea and Nestucca Sub-Basins.

The suite of habitat variables were different in reaches that had at least one

salmonid species present versus none. Habitat variables were different in reaches

that had two or more of the salmonid species present versus reaches with less than

two species of the salmonids present. Finally, reaches with all three study species

present were different than reaches with at least one species absent. A summary

of reach characteristics can be found in Table 6.

Reach characteristics were different between stream reaches that held cutthroat

trout and those were the species was absent (Table 6). Differences were also seen



Table 6. Reach characteristics of the Alsea and Nestucca Sub-Basins including salmonid communities and species groupings.
Group means and 95 % confidence intervals (CI) are presented.

Sinuosity CI Number CI
of Pools

Pools CI
per (k)

Percent
Pool
Area

Cl
(m)

Overall Mean 1.68 +1- 0.18 42.38 +1- 3.39 36.49 +1- 2.18 38.31 +1- 2.80

Samonid Community

Species Absent 1.33 +7- 0.23 30.85 +7- 6.29 26.53 +1- 4.90 40.35 +7-7.11
1 Species Present 1.74 +7- 0.22 44.34 +1- 3.76 38.19 +1- 2.33 37.96 +1- 3.06

Less than 2 Species Present 1.57 +1-0.27 36.53 +1- 4.37 36.43 +7-3.10 35.45 +7- 3.07
2 Species Present 1.84 +1- 0.25 50.89 +1- 5.02 36.60 +1- 2.88 42.45 +7- 4.25

Less than 3 Species Present 1.57 +1- 0.22 40.75 +7- 3.72 37.68 +7- 2.49 36.99 +7- 3.04
All 3 Species Present 2.28 +7- 0.45 51.57 +7-7.64 29.84 +7- 3.80 45.70 +1- 7.04

Salmonid Species

Cutthroat Trout Absent 1.32 +1- 0.18 39.42 +7- 8.39 34.71 +/-1.94 41.52 +7- 5.62
Cutthroat Trout Present 1.77 +7-0.23 43.18 +1-3.65 36.98 +1- 2.43 37.44 +7- 3.23

Coho Salmon Absent 1.54 +1-0.25 36.64 +7-4.02 36.42 +7- 4.90 33.61 +7- 3.40
Coho Salmon Present 1.94 +7- 0.29 53.40 +1-5.64 36.63 +1- 2.98 47.33 +1- 4.61

Steelhead Absent 1.60 +1- 0.23 41.18 +1-4.04 37.74 +7- 2.67 38.35 +7- 3.30
Steelhead Present 1.91 +1-0.31 46.18 +1-5.92 35.59 +7- 3.21 38.71 +7- 5.39



Table 6. Reach characteristics of the Alsea and Nestucca Sub-Basins including salmonid communities and species groupings.
Group means and 95 % confidence intervals (CI) are presented. (Continued)

Overall Mean

Samonid Community

Pieces
of Large
Wood

7.41

CI

+1- 1.37

Large
Wood
per (k)

6.03

CI

+1- 1.20

Number
of Reaches

324

MRPP Results

Species Absent 1.66 +7-0.71 2.69 ±7-2.35 47 p=O.000
1 Species Present 8.39 +1- 1.57 6.60 +7- 1.10 277 A=0.017

Less than 2 Species Present 5.52 +7- 1.35 5.71 +1- 1.25 192 p=O.000
2 Species Present 10.17 +/-2.68 6.49 +1- 1.65 132 A=0.015

Less than 3 Species Present 6.75 +7- 1.37 6.11 +7- 1.14 275 p=O.000
All 3 Species Present 11.12 +/-4.72 5.60 +1- 1.92 49 A=0.010

Salmonid Species

Cutthroat Trout Absent 2.62 ±1- 0.99 3.96 +7- 2.08 69 p = 0.000
Cutthroat Trout Present 8.71 +7- 1.69 6.59 +7- 1.14 255 A=0.008

Coho Salmon Absent 6.59 +7- 1.55 6.36 +1- 1.35 213 p=rO.000
Coho Salmon Present 8.99 +7- 2.67 5.39 +7- 1.39 111 A = 0.020

Steelhead Absent 6.05 +7- 1.27 5.62 +7- 1.10 246 p=O.003
Steelhead Present 11.71 +/-3.78 7.31 +1-2.35 78 A=0.005



between reaches with arid without the other two study species in the Alsea and

Nestucca Sub-Basins (Table 6).
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