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Relations between the diversity of juvenile anadromous salmonids and pool features 

were examined in a managed and a pristine watershed in Oregon during the summer of 

1990. There were no differences (p> 0.05) in pool depth, velocity or pool wood volumes 

between streams. However, the pristine system had twice the number of pools within 

similar lineal distances. Pools in the pristine system also had larger substrates (percent 

dominant within pools) and smaller pool area (p=0.01). Fish diversity was found to be 

greater in pools in the pristine system than in the managed system using the Simpson's 

Diversity and Shannon Evenness indicies (p=0.01). The Shannon-Wiener Diversity 

index did not show any differences between streams. The difference in assemblage 

diversity was due to differences in relative abundance and not species richness. Relative 

abundance of juvenile steelhead and cutthroat trout and coho salmon was more even in 

Cummins Creek, the pristine system, than in Cape Creek, the managed system. Relative 

abundance of coho increased in the managed system possibly due to a change in pool 

habitat characteristics, whose conditions favored coho salmon, but this relationship was 
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not clear. This study emphasizes the importance of assessing communities of juvenile 

anadromous salmonids as opposed to studies involving a single species. Past land 

management activities have focused upon single species' with regards to a particular 

habitat component, which has decreased biodiversity and changed stream habitat 

characteristics through cumulative effects. Resource managers should examine 

interactions between habitat characteristics and salmonid communities in order to 

maintain biological diversity or risk creating favored habitat for a single species within 

stream systems. 
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Pool Habitat Characteristics and Juvenile Anadromous Salmonids in Two Oregon
 
Coastal Streams
 

Introduction 

Diversity of biotic communities is influenced by habitat complexity. Positive 

relations between habitat complexity and species diversity (species richness and/or 

evenness) have been found for several taxa including birds (MacArthur and MacArthur 

1961, Tomoff 1974, Roth 1976, Rafe et al. 1985), lizards (Pianka 1967), desert rodents 

(Rosenweig and Winakur 1969), intertidal gastropods (Kohn and Leviten 1976) 

invertebrates (Heck and Wetstone 1977, O'Conner 1991), coral reef fishes (Roberts and 

Ormond 1987), benthic fishes (Macpherson 1989) and freshwater fishes (Crowder and 

Cooper 1982, Tonn and Magnuson 1982, Eadie and Keast 1984). Habitat complexity 

can influence biological communities by moderating predation-prey interactions 

(Crowder and Cooper 1982), and population density (Kohn and Leviten 1976), and by 

providing a greater array of microhabitat conditions (Heck and Wetstone 1977). 

Habitat complexity, structural elements providing variety in habitat conditions 

(Reeves et al. 1993, Pearsons et al. 1992, Faush and Bramblett 1992), can have a 

significant influence on the structure and composition of biotic communities in lotic 

ecosystems. Physical elements of stream habitats, such as water depth, wood, water 

velocity and substrate composition, contribute to habitat complexity. A diverse array of 

microhabitat areas within lotic systems can be formed by various flow regimes, substrate 

types, depth profiles, and wood complexes; these attributes combine to create 

complexity in instream habitat. In Australian streams, O'Conner (1991) found that 

macroinvertebrate species richness was higher in complex systems than in less complex 
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systems. Corn and Bury (1989) found a greater species richness of amphibians in 

Oregon streams with greater substrate complexity compared to streams where habitat 

complexity was reduced. 

Habitat complexity is a particularly important influence on species richness and 

diversity of lotic fish communities (Shirvell 1990, Angermeier and Karr 1984, Schlosser 

1982a, Gorman and Karr 1978). Gorman and Karr (1978) found that the species 

richness was correlated with substrate diversity in streams in Indiana and Panama. 

Species diversity differed with water velocities in the juvenile component of a 

warmwater fish community in an Illinois stream (Schlosser 1985). In another Illinois 

stream, Angermeier and Karr (1984) found that there was an increase in fish species and 

fish abundance in areas where wood, increasing habitat complexity, was added to the 

system. 

Studies of habitat complexity conducted in warmwater systems led to the 

development of a habitat diversity index by Schlosser (1982a). This index is a 

combination of substrate composition, water depth, and water velocity, which 

emphasizes the importance of assessing the complexity of relationships among habitat 

elements. Although, the diversity index compiled habitat characteristics most important 

in Illinois stream systems, the index does not address all habitat complexity components 

which may be of concern in systems elsewhere. For example, Lewis (1969) found that 

water depth, water velocity, surface area and volume explained 70-77% of the variation 

in numbers of brown (Salmo trutta) and rainbow (Oncorhynchus mykiss) trout over 17.5 

cm long. Also, instream wood may provide refuge areas for fish and has been related to 

species abundances (Reeves et al. 1993, Angermeier and Karr 1984, Bisson et al. 1987). 
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Several physical attributes of stream habitat appear to influence lotic salmonid 

populations in the Pacific Northwest. For example, Shirvell (1990) found that in a 

British Columbia stream, juvenile coho salmon (Oncorhynchus kisutch) and steelhead 

trout (O. mykiss) abundances increased in areas where wood had been added. Increasing 

habitat complexity (wood and substrate) was found to increase rainbow and cutthroat 

trout (0. clarki clarki) abundances in unconfined channels (Moore and Gregory 1989). 

McMahon and Hartman (1989) found that during winter conditions, coho salmon 

emigrated from outdoor stream channels when channel complexity (wood, shade and 

water velocity) was low. Conversely, numbers of fish remaining in the stream channels 

with higher complexity increased significantly. 

In the Pacific Northwest, pool habitat is important for several species of juvenile 

anadromous salmonids. Pools may contain the largest number of species or age classes 

of any stream habitat type (Bisson et al. 1987). Pools may also contain the greatest 

variation of habitat components (i.e., depth, velocity, substrate, wood) within stream 

systems, providing cover from predators, high flow refugia and numerous microhabitat 

areas (Bisson et al. 1987, Reeves et al. 1993). Altering pool features, such as decreasing 

quantities of wood or pool depth, may decrease available habitat for a certain species and 

affect species abundance or richness (Hartman 1987, Reeves et al. 1993). Bisson et al. 

(1988) found that while coho salmon were found in most pool habitats, steelhead and 

cutthroat trout only used deep pools with higher velocities. Although previous studies 

have addressed species specific associations with pool habitat features, further 

information is needed in order to relate salmonid assemblages to multiple components of 

pool complexity. 
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Much of the freshwater habitat of juvenile anadromous salmonids in the Pacific 

Northwest has been altered by human activities (see review in Thomas et al. 1993). 

Stream habitat has been generally simplified as a consequence of human activities, such 

as timber harvest, road construction, agriculture and livestock grazing (Hicks et al. 1991, 

Bisson et al. 1992). This simplification includes the loss of habitat types, particularly 

pools, decreases in amount of wood, and decreases in the range of substrates and water 

velocities. Assemblages of juvenile anadromous salmonids have been simplified as a 

consequence of human activities (Bisson and Sedell 1984, Scott et al. 1986, Reeves et al 

1993). For example, Reeves et al. (1993) found that number of pools, amount of wood, 

and juvenile anadromous salmonid diversity were lower in streams associated with 

higher levels of timber harvest (i.e., >25% watershed harvested) compared to streams 

with lower harvest (i.e., <25% watershed harvested). 

Additional studies of the relationship between pool habitat complexity and 

juvenile anadromous salmonids are needed in the Pacific Northwest (Reeves et al. 1993). 

Previous studies primarily involve relationships between habitat features and single fish 

populations. Studying a community of organisms is important because the response of a 

community to environmental alterations may be very different from the way a single 

species will respond to the same habitat alteration (Gorman and Karr 1978, Grossman et 

al. 1982, Angermeier and Schlosser 1988). Integration of a community approach with an 

investigation of multiple elements of pool habitats will allow researchers to gain further 

insight into the complexity of relationships between stream habitat and juvenile 

anadromous salmonids (Hartman and Brown 1987, Bisson et al. 1988, Shirvell 1990, 

Reeves et al. 1993). 
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The purpose of this study was to examine the relationship between habitat 

characteristics of pools and the structure and composition of the juvenile anadromous 

salmonid assemblages in two streams that had experienced different levels of timber 

harvest. Specific objectives were to: (1) compare pool habitat features (e.g., velocity, 

depth, wood, substrate, pool area) between streams that differ in land management 

histories; (2) compare species richness and abundance of the juvenile anadromous 

salmonid assemblages; and (3) address associations of the juvenile salmonid 

assemblages with elements of pool habitat features, and compare these results between 

streams. 
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Methods 

The study was conducted in Cummins and Cape Creeks, two Oregon coastal 

streams (Figure 1) having similar basaltic geomorphology but different land-

management histories. Cummins Creek has a basin area of 14.0 km2 and is located 

primarily in a pristine old-growth forest (Cummins Creek Wilderness Area, Lincoln 

county). Cape Creek has a basin area of 16.7 km2. Eighty percent of the watershed was 

harvested between 1946 to 1986 (Hicks 1990) and the floodplain was mined for gravel 

in the 1950's (USDA Forest Service 1978). Additionally, there has been a small amount 

of cattle grazing along one bank of the lower portion of Cape Creek, but the impacts on 

the stream from grazing appear to be minor due to the low number of cattle contained to 

a small portion near the stream. Both streams are third-order streams within the Siuslaw 

National Forest and drain directly into the Pacific Ocean. Mean channel gradient for 

Cummins Creek is 2.5% (Hankin and Reeves 1985) and 2.1% for Cape Creek (Hicks 

1990). The study area in Cape Creek had a sinuosity value of 1.44, while Cummins 

Creek sinuosity was 1.27. The study area in Cummins Creek consisted of the lower 2 

km of stream, starting at tidewater. Similarly, the Cape Creek study was conducted 

along the lower 1.5 km, beginning at tidewater. Study areas were limited to the above 

sections because of beaver dams in Cape Creek which act as a barrier to coho salmon 

(USDA Forest Service 1978). Vegetation within the study area of Cummins Creek 

consisted of Douglas fir (Pseudotsuga menziesii), red alder (Alnus rubra), and western 

hemlock (Tsuga heterophylla). Vegetation within the study area in Cape Creek consisted 

mainly of red alder and big leaf maple (Acer macrophyllum); (Hicks 1990). 
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Physical Features 

Selected pool features were measured once in each stream during low flow 

conditions between July and October, 1990. Depth and velocity were measured at 

selected intervals within a pool (Figure 2). Transects were established at 2 or 3 m 

intervals beginning at the top of the pool and proceeding downstream. A minimum of 5 

transects per pool was surveyed along the pool length. In long pools (i.e., > 20 m), 

transects were at 2 m intervals near the tops of pools because depth and velocity changed 

rapidly along pool lengths in this area; transect intervals were greater (4-6 m) through the 

middle of pools because depth and velocity varied little. Depth measurements were 

made at 1 m increments across transects, beginning at 1 m from the bank. At these 

locations, current velocities were measured every 9 cm from the substrate to the water's 

surface with an electronic current meter (Montedoro-Whitney Incorp., Model PVM-2). 

Several pool features were determined from the transect data. Mean depth and 

mean velocity in each pool were calculated by averaging all transect measurements. 

Surface area was calculated as the summation of the distance between transects 

multiplied by the mean width of successive transects. For pools >20 m in length, 

transects conducted at >2 m intervals were weighted in this calculation to more 

accurately estimate pool averages. Volume of a pool was estimated by partitioning the 

pool into segments and summing the volume of each segment. A segment's volume was 

the product of the surface area between two adjacent transects and the mean depth along 

the transects. 

Large instream woody debris was assigned to one of two categories, single pieces 

and submerged wood influence zone (SWIZ). Only wood that was submerged 
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underwater was collected because it would have a direct impact upon the positioning or 

distribution of juvenile salmonids during survey periods. Other studies in the Pacific 

Northwest have assessed wood volumes that were in the channel, as well as the pieces 

within bankfull width (Fausch and Northcote 1992; Bilby and Ward 1989) and 

floodplain (Robison and Beschta 1990). Differing wood location assessments, along 

with different minimum size criteria, makes it difficult to compare this study's wood 

volume to other studies. Single pieces of wood included any solitary piece of wood with 

a minimum length of >5 m and a minimum diameter of 30 cm. The SWIZ was any 

submerged wood grouped together (e.g., a wood jam); therefore, the estimated volume 

was the space occupied by both water and wood. Lengths and diameters of single pieces 

of wood were visually estimated and volumes were calculated using the formula for a 

cylinder (v= 1772), where 1= estimated length of wood piece, r = radius. Mean volume of 

single wood pieces per pool per stream was calculated. Length, width and depth of the 

SWIZ was visually estimated to calculate volume. These volumes usually consisted of 

the space between wood pieces as well as the wood itself. Mean volume of SWIZ wood 

per pool per stream was calculated. Total wood volume was the addition of the volume 

of SWIZ and single wood volumes per pool. Mean total wood volume per pool per 

stream was calculated. Percent wood in length and diameter categories were also 

developed for single wood volume. 

Substrate composition was visually estimated in each pool. Most of the substrate 

categories were taken from USDA Forest Service Stream Survey protocol (USDA Forest 

Service 1990) and included: 1) sand (1-3 mm); 2) medium gravel (3-7 mm); 3) large 

gravel (7-10 mm); 4) cobble (100-300 mm); 5) boulder (>300 mm); and 6) bedrock. 
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Organics, (fine organic material covering the bottom); clay; and silt (< 1 mm) were also 

collected because they were found in abundance in the systems. The bottom mean 

percent composition covered by each substrate category was estimated and the dominate 

substrate identified in each pool. 

Physical habitat characteristics between streams were compared using Student's 

t-tests. Discriminant analysis was conducted to assess whether pool physical features 

could be differentiated between the two streams. Discriminant analysis scores were 

correlated with the physical habitat features to determine the order of importance of 

habitat features. Student's t-tests were used to determine if the means of the 

discriminant scores were significantly different. 

Salmonid Assemblages 

Salmonids examined in this study were age 0+ year coho salmon, age 1+ year 

steelhead trout, and age 1+ year cutthroat trout. Age 0+ steelhead trout and cutthroat 

trout could not be distinguished and were classified as trout 0+. Trout 0+ had a length of 

5-7 cm, while a 1+ trout had a length of 8-14 cm. Other fish species present in Cummins 

Creek included sculpins (Cottus spp.), while Cape Creek had sculpins and Pacific 

lamprey (Lampetra tridentata). 

Salmonid abundances were estimated by divers using a mask and snorkel. One 

diver counted fish in pools in Cummins Creek. One to three divers (depending on pool 

width) moving in parallel, assessed fish numbers in Cape Creek. Divers would enter a 

pool at the downstream end and snorkel slowly upstream recording species abundance. 

Divers counted species most sensitive to human presence first (i.e., cutthroat trout); other 

species did not seek cover in the presence of divers and were counted secondly. 
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Mean number of a fish species or age-class in pools in each stream were 

compared with a Student's t-test. The Shannon-Wiener Diversity index, H'=E(p, lnp,) 

(where p,= the proportion of a fish species or age-class within each pool and lnp,= the 

natural log of p,), the Shannon Evenness index, H' /lnS (where S= the number of species) 

and the Simpson's Diverstiy index, D=E[ni(n,-1)/N(N-1)] (where n,= the number of 

individuals in the ith species or age-class and N= the total number of individuals), were 

used to measure diversity of the salmonid community in each pool. Different diversity 

indicies were calculated in order to adjust for index bias towards either species richness 

(Shannon-Wiener), evenness (Shannon's Evenness) or dominance (Simpson's index ). 

A Student's t-test compared the diversity indices between streams. Additionally, 

discriminant analysis assessed differences in the juvenile anadromous salmonid 

communities between the two streams. Discriminant analysis scores were then 

correlated with the salmonid community to determine the order of importance of 

salmonid species. Student's t-tests were then used to determine if the means of the 

discriminant scores were significantly different. 

Relationships among salmonids and between the fish and the physical habitat 

features of pools were assessed by correlation and multiple regression analyses. 

Correlation analysis was also used to assess relationships between salmonid diversity 

and pool physical features and relationships between fish diversity and habitat 

characteriestics. Stepwise regression analysis determined a model for each species/age

class abundance for both streams based on pool physical features and a combination of 

pool physical features and fish abundances. 
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Results 

Physical Features 

Some pool features differed between Cape and Cummins Creek. Cape Creek had 

more pool surface area and pool volume per meter of stream than Cummins Creek 

(Table 1). There was more pools per meter in Cummins Creek than Cape Creek. Pools, 

however, in Cummins Creek were shorter (Cummins x = 13.2 ± 8.6, Cape Creek x = 

19.6 ± 14.0, p< 0.01) and narrower (Cummins x = 4.7 ± 2.0, Cape Creek >7( = 6.3 ± 2.1, 

p< 0.01), and thus had a smaller surface area (Cummins x = 63.9 ± 50.7, Cape Creek x = 

129.3 ± 101.0) and volume (Cummins x = 27.2 ± 23.2, Cape Creek x = 59.0 ± 45.0, p< 

0.01; Figure 3). Total wood volumes per pool did not differ between streams (p> 0.05) 

(Figure 4). Number of pieces of wood and volume of wood per pool, pool area, pool 

volume, and pool length were similar between streams (Table 2). Cummins Creek 

tended to have more single pieces of wood and single wood volume in pools per meter 

of stream than Cape Creek, while Cape Creek tended to have more SWIZ and SWIZ 

volume per meter of stream than Cummins (Table 3). Cummins Creek pools had more 

wood in most of the single wood diameter classes (Figure 5). Cummins Creek pools 

appeared to have more wood within length categories (Figure 6). 

The two streams also differed significantly (p < 0.05) in their substrate 

composition (Figure 7). For example, Cummins Creek also had more area covered by 

larger substrate per pool, such as boulder (Cummins x = 10.0 ± 3.0, Cape 5:: = 2.9 ± 2.0, 

p< 0.01) than did Cape Creek while Cape Creek had more area covered by large gravel 

(Cummins )7( = 11.9 ± 3.8, Cape x = 33.5 ± 14.5, p< 0.01), silt (Cummins T< = 4.2 ± 2.1, 

Cape x = 25.6 ± 14.3, p< 0.01) sand (Cummins x = 9.9 ± 2.9, Cape x = 17.9 ± 8.9, 
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Table 1	 Total wood volumes and number of pieces of wood in pools per 
kilometer (km) of stream in Cape and Cummins Creeks, OR, 1990. 

Cummins Creek Cape Creek
 

Number of pools/km 29 20
 

Total pool area (m2)/km 1822 2587
 

Total pool volume (m3)/km 775 1181
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Creeks, OR, 1990. 
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Table 2 Amounts of wood in pools in Cummins and Cape Creeks, OR, 1990. 

Cummins Creek Cape Creek 

Habitat Features Single SWIZ Total Single SWIZ Total 
Wood Wood Wood Wood 

Mean No./Pool 0.6 1.1 1.7 0.3 2.0 2.3 

Mean No./Pool Area (m2) 0.02 0.02 0.04 0.01 0.02 0.03 

Mean No./Pool Volume (m3) 0.04 0.07 0.1 0.03 0.04 0.07 

Mean No./Pool Length (m) 0.08 0.09 0.2 0.03 0.1 0.13 

Mean Total Wood Volume/Pool 0.5 3.5 4.0 0.4 5.8 6.2 

Mean Total Wood Volume/Pool Area (m2) 0.01 0.05 0.06 0.007 0.06 0.06 

Mean Total Wood Volume/Pool Volume 0.03 0.1 0.1 0.02 0.1 0.12 
(m) 

Mean Total Wood Volume/Pool Length (m) 0.05 0.2 0.3 0.03 0.4 0.43 
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Table 3	 Total wood volumes (m3) and number of pieces of wood in pools per 
kilometer (km) of stream in Cummins and Cape Creeks, OR, 1990. 

Cummins Creek Cape Creek 

Single SWIZ Total Single SWIZ Total
 
Wood Wood Wood Wood
 

Total wood volume 
(m3) in pools/km of 
stream 

14 101 115 7 117 124 

No. pieces and/or 
SWIZ wood in 
pools/km of stream 

18 32 50 6 41 47 
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Cummins Creeks, OR, 1990. 
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p< 0.05) and organic debris (Cummins x = 5.8 ± 1.2, Cape x = 12.2 ± 5.0, p< 0.01) than 

did pools in Cummins Creek. Pools in Cummins Creek had a trend towards a broader 

range of dominant substrate types than pools in Cape Creek, and Cummins Creek had a 

higher percentage of pools which were dominated by larger substrates than in Cape 

Creek (Figure 8). 

Other pool features did not differ significantly (p> 0.05) between the two creeks.
 

These included depth and velocity (Figure 9), and some substrate categories (Figure 7).
 

Correlation coefficients for various habitat features are presented in Appendix A.
 

Pools in the two streams were separated using discriminant analysis (p< 0.001; 

Figure 10). Pools in Cummins Creek had more area of boulder, lower pool width, lower 

area covered by silt, lower area of large gravel, lower pool length, and lower maximum 

depth than the pools in Cape Creek. Based on pool habitat characteristics, locations of 

87.7% of the pools in Cummins Creek and 73.3% of the pools in Cape Creek were 

correctly classified. The mean of the discriminant scores was statistically different 

between streams (Cummins x = -0.05 ± 0.67, Cape x = 0.96 ± 1.4, p< 0.01). Because of 

the large difference in width and length of pools between streams, discriminant analysis 

was also performed without substrate mean percent compositions and pools in the two 

streams were separated (p< 0.001; Figure 11). Pools in Cummins Creek had lower pool 

widths and lengths, lower maximum depths and higher mean velocities than pools in 

Cape Creek. Based on pool habitat characteristics, locations of 72% of the pools in 

Cummins Creek and 70% of the pools in Cape Creek were correctly classified. The 

mean of the discriminant scores was statistically different between streams (Cummins 

= -0.39 ± 0.84, Cape x = 0.73 ± 1.3, p< 0.01). In both cases, 100% of the variation in 

pools was explained by these pool habitat characteristics. 
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Figure 10	 Discriminant analysis of pool habitat characteristics in Cape and 
Cummins Creeks, OR, 1990. Mean and 95% confidence interval of 
group scores are shown. 
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Figure 11	 Discriminant analysis of pool habitat characteristics in Cape and 
Cummins Creeks, OR, 1990. Mean and 95% confidence interval of 
group scores are shown. 
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Salmonid Assemblages 

The population surveyed in Cummins Creek was composed of 37% steelhead 

trout, 20% cutthroat trout and 43% coho salmon (trout 0+ are excluded from these 

numbers due to lack of species identification). The community surveyed in Cape Creek 

pools was composed of 21% steelhead trout, 9% cutthroat trout and 70% coho salmon. 

Difference in the diversity of the salmonid assemblages in Cummins Creek and 

Cape Creek varied with diversity indicies. Pool assemblage diversity was greater (p< 

0.01) in Cummins Creek than in Cape Creek for Simpson's Diversity (Cummins Creek )7; 

= 0.47 ± 0.22, Cape Creek x = 0.33 ± 0.23) and for the Shannon Eveness index 

(Cummins Creek x = 0.50 ± 0.20, Cape Creek x = 0.30 ± 0.19 (p<0.01). However, 

there was no difference in pool assemblage diversity (p< 0.05) between streams for the 

Shannon-Wiener Diversity index (Cummins s = 0.77 ± 0.36, Cape )-( = 0.66 ± 0.32). 

Community diversity, using all three indicies, was correlated with pool features 

(Table 4). In Cummins Creek, salmonid diversity is significantly correlated with 

maximum depth (p<0.01), and correlated with mean depth, maximum velocity, pool 

length, pool width, surface area, area of organics, area of sand, area of boulder, and total 

volume of wood (p<0.05). There were no significant (p> 0.05) correlations between fish 

diversity and pool habitat characteristics in Cape Creek. 

Salmonid populations differed (p< 0.05) between Cape and Cummins Creeks 

(Figure 12). Coho abundance (Cummins )-< = 7.6 ± 6.9, Cape x = 43 ± 54, p< 0.01), 

cutthroat abundance (Cummins x = 3.6 ± 3.5, Cape x = 5.6 ± 5.4, p< 0.05), steelhead 1+ 

abundance (Cummins s = 6.5 ± 5.5, Cape x = 13 ± 12.6, p< 0.01), and trout 0+ 

abundance (Cummins )7( = 2.1 ± 2.4, Cape )7( = 14.3 ± 19.8, p< 0.01) were greater in 



Table 4 Correlations relating pool habitat characteristics and fish diversity in Cape and Cummins Creeks, OR, 1990. 

Cummins Creek Cape Creek 

Habitat Feature Simpson's Shannon Shannon Simpson's Shannon Shannon-
Diversity Evenness Wiener Diversity Evenness Wiener 

Mean Depth (m) 0.32* 0.33* 0.32* 0.30 0.26 0.20 

Maximum Depth (m) 0.48** 0.46** 0.48** 0.34 0.29 0.26 

Maximum Velocity (m/s) 0.26* 0.26* 0.33* -0.00 -0.04 0.05 

Length (m) 0.32* 0.30* 0.33* 0.29 0.26 0.15 

Organics (m2) 0.31* 0.28* 0.32* -0.01 -0.02 -0.04 

Width (m) 0.29* 0.29* 0.28* 0.29 0.26 0.25 

Surface Area (m2) 0.31* 0.29* 0.31* 0.28 0.25 0.15 

Sabd (m2) 0.33* 0.32* 0.33* 0.09 0.10 -0.01 

Boulder (m2) 0.28* 0.23 0.29* 0.30 0.28 0.21 

Total Wood Volume (m3) 0.24* 0.20 0.26* -0.06 -0.05 0.05 

*p< 0.05 
**p< 0.01 
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Figure 12 Means and standard error of juvenile salmonid abundances in pools in 
Cape and Cummins Creeks, OR, 1990. 
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pools in Cape Creek. When the fish abundances were standardized for pool area, only trout 

0+ pool abundances were significantly higher in Cape Creek (7( = 0.129, ± 0.17, p< 0.01; 

Figure 13). 

There were various significant relationships among the species/age-classes within 

pools of the two streams (Table 5). In Cummins Creek, cutthroat trout abundance was 

positively correlated with coho (p< 0.01) and steelhead 1+ (p< 0.01) abundances, trout 0+ 

abundance was positively correlated with steelhead 1+ (p< 0.01), and steelhead 1+ abundance 

was correlated with coho salmon (p< 0.01) abundance. In Cape Creek, cutthroat abundance 

was positively correlated with both coho (p< 0.01) and steelhead 1+ (p< 0.01) abundances, 

and steelhead 1+ was positively correlated with trout 0+ (p< 0.01) and coho (p< 0.01) 

abundances. Positive relationships were also found between densities (mean number per 100 

m) of fish species/age-classes (Table 6). In Cummins Creek, cutthroat trout density was 

positively correlated with densities of coho and steelhead 1+ (p<0.01). Density of trout 0+ 

was positively correlated with the density of steelhead 1+ trout. In Cape Creek, coho density 

was positively correlated with the densities of cutthroat and trout 0+ (p< 0.01). Density of 

trout 0+ was positively correlated with steelhead 1+ density (p< 0.01). 

Juvenile salmonid species/age-classes were also correlated with physical features 

within the pools (Table 7). In Cummins Creek, coho salmon were significantly correlated (p< 

0.01) with mean and maximum depth, pool length and surface area, area of organics, silt, sand 

and large gravel, and negatively correlated (p< 0.01) with mean velocity. Coho salmon were 

also significantly correlated (p< 0.05) with pool width and volume, and area of clay, cobble, 

and boulder. Cutthroat trout were correlated (p< 0.01) with mean and maximum depth, pool 

length, volume, and surface area, and area of 
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Figure 13 Means and standard error of juvenile salmonid densities in pools in Cape 
and Cummins Creeks, OR, 1990. 



Table 5	 Correlations between fish species/age-class abundance in pools in Cape and Cummins Creeks, OR, 
1990. 

Cummins Creek	 Cape Creek 

Fish Species/Age- Coho Cutthroat Steelhead 1+ Trout0+ Coho Cutthroat Steelhead 1+ Trout 0+ 
Class Abundance 

Coho	 0.62** 0.38** -0.04 0.65** 0.48** 0.36 

Cutthroat 0.59** 0.18 0.53** 0.17 

Steelhead 1+ 0.47** 0.69** 

Trout 0+ 

*p < 0.05
 
**p < 0.01
 



Table 6	 Correlations between density (number of fish/m2) of fish species/age-classes in pools in Cape and Cummins Creeks, 
OR, 1990. 

Cummins Creek Cape Creek
 

Density of Fish Density Density of Density of Density of Density Density of Density of Density of
 
Species/Age-Class of Coho Cutthroat Steelhead 1+ Trout 0+ of Coho Cutthroat Steelhead 1+ Trout 0+ 

Coho	 0.69** 0.14 -0.07 0.53** -0.00 0.53** 

Cutthroat	 0.37** -0.02 0.11 0.16 

Steelhead 1+	 0.33** 0.42* 

Trout 0+ 

*p < 0.05 
**p < 0.01 



Table 7 Correlations between fish species/age-class abundances and pool habitat characteristics in Cummins and Cape 
Creeks, OR, 1990. 

Curium's Creek Cape Creek 

Habitat Feature Coho Cutthroat Steelhead 1+ Trout 0+ Coho Cutthroat Steelhead 1+ Trout 0+ 

Mean Depth (m) 0.39** 0.39** 0.27* -0.05 0.07 0.15 0.34 0.26 
Maximum Depth (m) 0.45** 0.56** 0.52** 0.08 0,51** 0.50** 0.55** 0.26 
Mean Velocity (m/s) -0.36** -0.31 * -0.30* -0.06 -0.34 -0.22 -0.06 -0.04 
Maximum Velocity (m/s) -0.06 0.05 -0.03 -0.03 -0.07 0.15 0.32 0.25 
Length (m) 0.46** 0.40** 0.48** 0.16 0.75** 0.48** 0.63** 0 39* 
Width (m) 0.30 0.32* 0.30* 0.31* 0.27 0.29 0.09 0.19 
Surface Area (m2) 0.49** 0.45** 0.50** 0.23 0 78** 0.50** 0.55** 0.38* 
Volume (m3) 0.35* 0.34** 0.27* 0.12 0 66** 0.45* 0.58** 0.38* 
Aggregate Wood Volume (m3) -0.06 0.06 0.09 0.05 -0.06 -0.21 -0.13 0.06 
Single Wood Volume (m3) 0.07 -0.14 -0.21 -0.23 -0.02 0.13 0.27 0.39* 
Total Wood Volume (m3) -0.05 0.04 0.06 0.01 -0.06 -0.21 -0.10 0.10 
Organics (m2) 0.52* 0.49** 0.48** 0.06 0.37* 0.02 0.27 0.25 
Clay (m2) 0.33* 0.42** 0.31* 0.28* + + + + 

Silt (m2) 0.43** 0.41** 0.40** 0.17 0 84** 0.49** 0.47** 0.18 
Sand (m2) 0.34** 0.19 0.14 -0.07 0.30 -0.08 0.47** 0.64** 
Medium Gravel (m2) 0.18 0.10 0.08 -0.01 0.44* 0.06 0.12 0.34 

Large Gravel (m2) 0.41** 0.26 0.33* 0.05 0.40* 0.34 0.19 0.10 
Cobble (m2) 0.27* 0.37** 0.43** 0.44** 0.49** 0.58** 0.56** 0.28 
Boulder (m2) 0.31* 0.40** 0.47** 0.34* 0 34 0.38* 0.71** 0.36 

Bedrock (m2) 0.15 0.01 0.14 -0.18 0.26 0.13 0.33 0.12 

*p<0.05 
"p<0.01 
+Cape Creek did not contain clay 
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organics, clay, silt, cobble, and boulder. Cutthroat trout also were correlated (p< 0.05) 

with pool width, and negatively correlated with mean velocity. Steelhead 1+ in 

Cummins Creek were correlated (p< 0.01) with maximum depth, pool length and surface 

area, area of organics, silt, cobble and boulder. Steelhead 1+ were also correlated (p< 

0.05) with mean depth, pool width and volume, area of clay, and large gravel, and 

negatively correlated with mean velocity. Trout 0+ in Cummins Creek pools were 

correlated (p< 0.01) with area of cobble. Trout 0+ were also correlated (p< 0.05) with 

pool width, area of clay and boulder. In Cape Creek, coho salmon were correlated (p< 

0.01) with maximum depth, pool length, surface area, volume, and area of silt and 

cobble. Coho salmon were also correlated (p< 0.05) with area of organics, medium 

gravel and large gravel. Cutthroat trout were correlated (p< 0.01) with maximum depth, 

pool length, surface area, and area of silt and cobble. Cutthroat trout were also 

correlated (p< 0.05) with pool volume and area of boulder. Steelhead 1+ in Cape Creek 

were correlated (p< 0.01) with maximum depth, pool length, surface area and volume, 

and area silt, sand, cobble and boulder. Trout 0+ were correlated (p< 0.01) with area of 

sand. Trout 0+ were also correlated (p< 0.05) with pool length, surface area, and 

volume, and volume of single wood. 

Densities of juvenile salmonid species/age-classes also were correlated with physical 

features within the pools (Table 8). In Cummins Creek, density of coho was correlated 

(p< 0.01) with single wood volume. Density of cutthroat trout was correlated (p< 0.01) 

with mean depth, and correlated (p< 0.05) with maximum depth. Density of steelhead 

1+ was negatively correlated (p< 0.05) with area of sand. Density of trout 0+ was 

negatively correlated (p< 0.05) with area of organics and sand. In Cape Creek, density 

of cutthroat trout was correlated (p< 0.05) with maximum velocity. Density of steelhead 



Table 8 Correlations between density (number of fish/m2) of fish species/age-classes and pool habitat 
characteristics in Cummins and Cape Creeks, OR, 1990. 

Cummins Creek Cape Creek 

Habitat Feature Density Density of Density of Density of Density Density of Density of Density of 

of Coho Cutthroat Steelhead 1+ Trout 0+ of Coho Cutthroat Steelhead 1+ Trout()+ 

Mean Depth (m) 0.29 0.42** 0.20 -0.09 0.04 -0.07 -0.18 -0.04 

Maximum Depth (m) 0.04 0.31* 0.17 -0.15 0.18 -0.01 -0.17 -0.05 

Mean Velocity (m/s) -0.24 -0.26 -0.16 0.16 -0.23 0.19 0.42* 0.13 

Maximum Velocity (m/s) -0.20 -0.01 -0.06 -0.01 0.07 0.38* 0.52** 0.30 

Aggregate Wood Volume (LW) -0.09 0.002 0.04 0.09 0.05 -0.27 -0.37* -0.05 

Single Wood Volume (m`) 0.44** 0.26 -0.08 -0.19 0.15 0.08 0.16 0.36 

Total Wood Volume (m3) -0.02 0.04 0.03 0.06 0.06 -0.26 -0.36 -0.02 

Organics (m) 0.01 -0.00 -0.11 -0.31* -0.02 -0.31 -0.39* -0.10 

Clay (m2) -0.03 -0.01 -0.07 -0.05 + + 

Silt (m2) -0.09 -0.09 -0.16 -0.20 0.13 -0.13 -0.21 -0.13 

Sand (m') -0.09 -0.15 -0.27* -0.32* 0.16 -0.16 -0.14 0.19 

Medium Gravel (m2) -0.02 0.02 0.04 -0.10 0.02 -0.12 -0.17 -0.05 

Large Gravel (m2) -0.11 -0.14 -0.16 -0.22 -0.15 -0.02 -0.26 -0.22 

Cobble (m) -0.18 -0.08 -0.19 -0.03 0.07 0.03 -0.06 0.04 

Boulder (m2) -0.14 -0.09 -0.15 -0.13 -0.03 0.00 0.15 0.15 

Bedrock (m2) -0.08 -0.12 -0.13 -0.20 0.12 -0.05 -0.02 -0.04 

*p<0.05
"p<0.01 
+Cape Creek does not contain clay 
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1+ was correlated (p< 0.01) with maximum velocity and (p< 0.05) with mean velocity. 

Density of steelhead 1+ was negatively correlated with SWIZ volume and area of 

organics. Neither density of coho nor density of trout 0+ was correlated with any 

physical characteristics in Cape Creek. 

Forward stepwise multiple regression was used to create a model for the 

abundance of each species/age-class from physical habitat parameters (maximum depth, 

mean velocity, pool length and width, area of silt, large gravel, cobble and boulder, and 

volume of SWIZ and single wood) and from pool physical and biological parameters 

(maximum depth, mean velocity, pool length and width, area of silt, large gravel, cobble 

and boulder, volume of SWIZ and single wood and abundance of salmonid species/age

classes). Different models were developed for each stream and some consistencies were 

found (Tables 9-12). Maximum depth in both streams explained a portion of the 

variation in abundances of cutthroat trout (Table 9) and steelhead 1+ trout (Table 10). 

There were no similar physical habitat variables that explained coho salmon (Table 11) 

or trout 0+ (Table 12) abundances in the two streams. 

Consistencies also were found between fish species/age-class abundances between 

sites. Cutthroat trout (Table 9) abundances were explained by coho salmon abundances 

in both streams. Steelhead trout 1+ (Table 10) abundances were explained by cutthroat 

trout and trout 0+ abundances. Coho salmon (Table 11) abundances were explained by 

cutthroat trout abundances in both streams. Trout 0+ (Table 12) abundances were 

explained by steelhead 1+ trout abundances in both streams. Interestingly, only trout 0+ 

(Table 12) abundances in Cummins Creek retained one of the same physical habitat 

features after the biological components were added to the stream model. 

Forward stepwise multiple regression was used to create a model for the density 
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Table 9 Multiple regression models for cutthroat trout abundance in Cummins 
and Cape Creeks, OR, 1990. 

Site Model Independent R2 r F p 
Variables 

Cummins Physical Maximum Depth 0.34 0.58 15.50 0.00 

Creek Pool Length 

Physical + Coho Salmon 0.52 0.72 30.60 0.00 

Biological Steelhead 1+ 

Area Cobble 

Cape Physical Maximum Depth 0.48 0.69 9.90 0.00 

Creek S WIZ 

Physical + Coho Salmon 0.41 0.64 20.84 0.00 

Biological 
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Table 10 Multiple regression models for 1+ steelhead trout abundance in 

Cummins and Cape Creeks, OR, 1990. 

Site Model Independent R2 r F p 
Variables 

Cummins Physical Maximum Depth 0.35 0.59 16.00 0.00 

Creek Pool Length 

Physical + Trout 0+ 0.54 0.73 17.30 0.00 

Biological Cutthroat Trout 

Pool Length 

Maximum Depth 
Area Boulder 

Cape Physical Maximum Depth 0.49 0.70 15.10 0.00 

Creek 
Physical + Trout 0+ 0.70 0.84 23.90 0.00 

Biological Cutthroat Trout 

Area Bouder 
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Table 11 Multiple regression models for coho salmon abundance in Cummins and 

Cape Creeks, OR, 1990. 

Site Model Independent R2 r F p 
Variables 

Cummins Physical Pool Length 0.29 0.54 12.30 0.00 

Creek Maximum Depth 

Physical + Cutthroat Trout 0.43 0.66 21.60 0.00 

Biological Area Large Gravel 

Area Silt 

Cape Physical Area Large Gravel 0.70 0.84 34.90 0.01 

Creek 
Physical + Area Silt 0.73 0.85 40.30 0.00 
Biological Cutthroat Trout 
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Table 12 Multiple regression models for trout 0+ abundance in Cummins 

and Cape Creeks, OR, 1990. 

Site Model Independent R2 r F p 
Variables 

Cummins Physical Area Cobble 0.18 0.42 12.80 0.00 

Creek 
Physical + Steelhead Trout 1+ 0.30 0.55 8.80 0.00 

Biological Pool Length (-) 

Cape Physical Single Wood 0.27 0.52 6.30 0.01 

Creek Volume 

Physical + Steelhead Trout 1+ 0.45 0.67 25.20 0.00 

Biological 
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of each species/age-class from pool physical habitat parameters and from physical and 

biological parameters. Different models were developed for each stream and some 

consistencies were found (Tables 13-16). Neither stream showed consistencies between 

physical habitat and fish species/age-class densities. No physical variables entered the 

model to explain the variation in densities of cutthroat (Table 13) or trout 0+ (Table 16) 

in Cape Creek. 

Consistencies were found between fish species/age-class densities between sites. 

Density of coho entered the model in both Cape and Cummins Creek as one of the 

variables to explain the density of cutthroat trout (Table 13). Density of trout 0+ entered 

the model in both streams as one of the variables to explain steelhead 1+ density (Table 

14). Density of cutthroat trout entered the model in both streams as one of the variables 

explaining density of coho salmon (Table 15). Steelhead 1+ density entered the models 

for both streams as one of the variables explaining density of trout 0+ (Table 16). In 

Cummins Creek, cutthroat trout (Table 13) and coho salmon (Table 15) density retained 

maximum depth and single wood volume in both physical and physical/biological 

models, respectively. In Cape Creek, steelhead 1+ density (Table 14) retained pool 

width in both physical and physical/biological models. 

Salmonid diversity was used as a dependent variable in multiple regression 

analysis. Fish diversity was significantly correlated with pool habitat characteristics only 

in Cummins Creek. There were no significant correlations between any diversity 

measure and physical attributes in Cape Creek pools (Table 4). When Simpson's 

Diversity (SD) index Shannon Evenness (SE) and Shannon-Wiener (SW) indicies were 

the dependent variables, 21%, 20%, and 22% of the variation in diversity was explained 

by maximum depth, respectively (SD, R2 = 0.21; p< 0.01; SE, R2 = 0.20; p< 0.01; SW, 
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Table 13 Multiple regression models for cutthroat trout density in Cummins and 

Cape Creeks, OR, 1990. 

Site 

Cummins 
Creek 

Model 

Physical 

Independent Variables 
Maximum Depth 

Single Wood Volume 
Area Silt 

R2 

0.21 

r 
0.46 

F 

6.00 
P 

0.00 

Physical + 
Biological 

Density of Coho 

Salmon 

Maximum Depth 

Density of Steelhead 1+ 

0.59 0.77 27.40 0.00 

Cape 
Creek 

Physical * 

Physical + 
Biological 

Density of Coho 

Salmon 

Mean Pool Velocity 

0.33 0.57 8.00 0.00 

*No variables entered into the model. 
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Table 14 Multiple regression models for 1+ steelhead density in Cummins 
and Cape Creeks, OR, 1990. 

Site Model Independent R2 r F p 
Variables 

Cummins Physical Pool Length (-) 0.12 0.35 4.80 0.00 

Creek Maximum Depth 

Physical + Density of Cutthroat 0.22 0.47 8.80 0.00 

Biological Density of Trout 0+ 

Cape Physical Pool Width (-) 0.27 0.52 11.50 0.00 

Creek 
Physical + Pool Width (-) 0.43 0.66 11.40 0.00 

Biological Density of Trout 0+ 
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Table 15 Multiple regression models for coho salmon density in Cummins and 
Cape Creeks, OR, 1990. 

Site Model Independent 
Variables 

R2 r F p 

Cummins 
Creek 

Physical 

Physical + 
Biological 

Single Wood Volume 

Mean Pool Velocity (-) 

Density of Cutthroat 
Density of Trout 0+ 

0.26 

0.54 

0.51 

0.73 

10.50 

32.80 

0.00 

0.00 

Cape 
Creek 

Physical * 

Physical + 
Biological 

Density of Cutthroat 
Density of Trout 0+ 

Mean Pool Velocity (-) 

0.58 0.76 13.90 0.00 

*No variables entered into the model. 
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Table 16 Multiple regression models for trout 0+ density in Cummins and 
Cape Creeks, OR, 1990. 

Site Model Independent 
Variables 

R2 r F p 

Cummins 
Creek 

Physical 

Physical + 
Biological 

Pool Length (-) 

Single Wood 

Volume (-) 

Density of 
Steelhead 1+ 

0.12 

0.09 

0.35 

0.30 

4.90 

6.40 

0.01 

0.01 

Cape 
Creek 

Physical 

Physical + 
Biological 

* 

Density of 

Coho 

Density of 
Steelhead 1+ 

0.41 0.64 10.80 0.00 

*No variables entered into the model. 
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R2 = 0.22, p< 0.01). 

Assemblages of salmonids in pools in the two streams differed (Discriminant 

analysis, p <0.01; Figure 14). Pools in Cummins Creek had higher proportions of 

cutthroat and steelhead 1+ and lower proportions of trout 0+ and coho than pools in 

Cape Creek. Seventy percent of the pools were correctly classified in Cummins Creek 

and 73% in Cape Creek. One hundred percent of the variation was explained by this 

discriminant function. 
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Cummins Cape 

I 

-1.0 -0.5 0.0 0.5 1.0 1.5 

DA Scores 

Low < % Coho 0+ > High 

High < % Steelhead 1+ > Low 

Low < % Trout 0+ > High 

High < % Cutthroat 1+ > Low 

Figure 14	 Discriminant analysis of juvenile salmonid community in pools in Cape 
and Cummins Creeks, OR, 1990. Mean and 95% confidence interval of 
group scores are shown. 
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Discussion 

Pool habitat characteristics did not vary greatly between streams, while diversity 

of the assemblage of juvenile anadromous salmonids were greater in pools in Cummins 

Creek, the less disturbed system, than in Cape Creek, a watershed that had been 

subjected to timber harvest. Other studies examining the impact of land management 

activities on stream habitats and biotic assemblages have found different physical 

responses (Kaufmann 1987, Hicks et al. 1991, McIntosh et al. 1994, Ralph et al. 1994) 

while others have found similar biological responses (Li et al. 1987, Hicks 1990, Reeves 

et al. 1993) elsewhere in the Pacific Northwest. Corn and Bury (1989) reported the 

diversity of amphibians in the Oregon Coast Range was greater in streams in uncut 

forests compared to streams in logged stands. Scott et al. (1986) found a more diverse 

fish assemblage in a pristine stream compared to one altered by urbanization. Simplified 

habitat and associated fish assemblages have been observed in streams in other regions 

as a consequence of land management impacts such as timber harvest (Grant et al. 1986, 

Rutherford et al. 1987) and agriculture (Schlosser 1982b, Berkman and Rabeni 1987). 

In this study, diversity of the salmonid assemblage between the two streams 

differed because of differences in relative abundance rather than species richness. 

Species/age-class abundances were greater in Cape Creek than in Cummins Creek; 

abundance of coho salmon was disproportionately higher than the other salmonid species 

abundances in Cape Creek. The Shannon-Wiener index, which is biased towards species 

richness, did not show any differences in diversity between streams. The Simpson's 

Diversity index, which is biased towards dominance, was higher in Cummins Creek. 

The Shannon Evenness Index, which is biased towards community evenness, was higher 
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in Cummins Creek than in Cape Creek. Relative abundances among the three salmonid 

species were more even in Cummins Creek. Salmonid species composition in both 

streams were comparable to other studies on the Oregon coast (Reeves et al., 1993) 

(Table 17). Even though this study used a different dominance index than Reeves et al. 

(1993) and looked at juvenile salmonids in pools only, there is a similar trend wherein 

streams through unmanaged stands have higher diversity. Even if this study had 

assessed juvenile salmonids in riffles as well as in pools, trout numbers would have 

increased, lessening the dominance and reducing my values, to more closely match those 

found in Reeves et al. (1993). Changes in relative abundance and not a loss of species 

were responsible for the differences in assemblage diversity. In Carnation Creek, British 

Columbia, numbers of coho salmon smolts increased following timber harvest (Holtby 

1988) while cutthroat and steelhead trout (Hartman 1987) and chum salmon (0. keta) 

declined (Scrivener and Brownlee 1989). Numbers of Dolly Varden (Salvelinus malma) 

declined following removal of wood from an Alaskan stream (Elliot 1986). Gurtz and 

Wallace (1984) observed a differential response by benthic macroinvertebrates to 

clearcut logging in a second order stream in the southeastern United States. 

In contrast, this study, fish densities were similar between streams, with the 

exception of trout 0+ fish which were higher in Cape Creek pools. Similar results were 

found by Reeves et al. (1993). They found that densities of juvenile anadromous 

salmonids did not significantly differ between basins subjected to different harvest 

levels. 

Mechanisms responsible for the change in relative abundance of the different 

species and for the increase in trout 0+ density are unclear. One explanation is that 

changes in the physical conditions of Cape Creek were more favorable to coho salmon 
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Table 17 Comparison of salmonid species composition between Cape and 
Cummins Creek pools and other Oregon coastal streams taken from 
Reeves et al. 1993. 

Species Composition 

>1 year > 1 year Coho Diversity 
old old salmon 

Harvest Level & Stream steelhead cutthroat (%) 
(%) (%) 

Low Harvest Level (>25%) 
Upper Flynn Creek 0 4.7 95.3 1.05 

South Fork Drift Creek 2.9 4.0 93.1 1.07 

Franklin Creek 12.5 2.3 85.1 1.18 

Red Cedar Creek 61.2 0 38.8 1.63 

Lower North Fork Elk River 59.0 3.2 27.2 1.69 

Cummins Creek 35.5 4.8 62.7 1.59 

Lower Panther Creek 47.5 0.1 48.4 2.07 

Cummins Creek 1990 37 20 43 1.05 

High Harvest Level (> 25%) 
Needle Branch Creek 0 0.9 99.1 1.01 

Deer Creek 0 1.8 98.2 1.02 

Canal Creek 2.3 0.3 97.3 1.03 

Knowles Creek 2.7 2.1 95.1 1.05 

Bald Mountain Creek 91.7 8.3 0 1.09 

Butler Creek 93.1 3.6 0 1.09 

Cape Creek 15.9 1.2 82.8 1.21 

Cape Creek 1990 21 9 70 0.797 
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and trout 0+ than to older trout. Schlosser (1991) found that decreased habitat 

components may selectively benefit species that are able to exploit new conditions while 

resulting in the decline of others, thus resulting in a reduction in community diversity. 

Coho salmon are more surface-oriented (Hartman 1965), and use areas of slower 

velocities (Bisson et al. 1988) in pools compared with trout. Trout 0+ also prefer areas 

of slower velocities and shallow depths (Moore and Gregory 1989). Pools in Cape 

Creek were larger and had relatively high proportions of homogeneous slow velocities 

(as suggested by the lower standard deviation of maximum velocities) and shallower 

depth, particularly in the downstream halves. These areas were almost exclusively used 

only by coho salmon or trout 0+. Older trout were found in the deeper, faster portions at 

the heads of pools. Such conditions were a relatively small proportion of the available 

habitat in pools in Cape Creek compared to pools in Cummins Creek due to the large 

differences in pool size. Cummins Creek pools had larger (percent dominant) substrate. 

It is possible that smaller pools, which have larger substrates could lead to a change in 

relative abundance as seen in Cummins Creek. Increased abundance of salmonids in 

Cape Cape could be due to the open vegetation condition. Cutthroat trout were found to 

capture drift more efficiently in open areas of stream that those adjacent to old-growth 

forests where the canopy shaded the stream (Wilzbach et al. 1986). Differences in 

habitat conditions between Cape and Cummins Creeks may have affected the relative 

abundances of salmonids, but there is no definitive answer from these results. 

Changes in the outcome of interactions between the trout and coho salmon for 

space in these pools also may have influenced the relative abundances of the species. 

Coho salmon use mid-water and slow velocity areas of pools, while trout use deep, faster 

velocity areas (Bisson et al. 1988). Body morphologies of the species appear to be 
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adapted to these specific habitat conditions. Coho salmon have longer anal fins and a 

laterally compressed body which allowed them to maneuver better than trout in slower 

areas. Steelhead body morphologies are more cylindrical with large paired fins which 

seemed to allow them to hold position in swift water (Bisson et al. 1988). Trout were 

typically found at the head of pools in Cape Creek, while coho and trout 0+ were located 

towards the middle and back of pools. Swanston (1991) state that woody debris and 

boulders created varied velocities in channels. Increased tail portions of pools, which 

typically had little to no wood and finer substrates, along with increased pool area and 

volume would suggest pools in Cape Creek had less varied velocities. A decrease in 

velocity variability could allow velocities to slow which would be preferred habitat for 

coho salmon who respond more favorably to slow water habitat than would trout. 

Woody debris has been studied in streams throughout the Pacific Northwest and 

has been recognized as an important component of the channel and for aquatic habitat 

(Robison and Beschta 1990, Bilby and Ward 1989, Sedell and Swanson 1984). Several 

studies have examined wood in several influence zones, ranging from in-stream wood to 

wood above bankfull (Ursitti 1991, Table 18). Using these studies as a basis for 

comparison to wood volumes found in Cummins and Cape Creeks, differences are 

noticed. Most of the studies used a minimum size of 10cm in diameter and looked at 

wood within the active channel, and in all habitat units. This study only assessed wood 

that was submerged in pools and pieces of wood that composed the SWIZ. Estimates of 

volume for individual pieces were not made for the SWIZ. Large woody debris volumes 

(m3/hectare) for Cummins and Cape Creeks were 628.8 and 479.2, respectively. These 

are towards the high end of the range reported in other studies (Table 18). The primary 

reason for this may be the way in which the estimates for the current study were derived. 



Table 18 Comparison of large woody debris data from Pacific Northwest studies; data from Ursitti 1991. 

Basin Area Active Channel Width Stream Gradient LWD Volume LWD Density 
(ha) (m) (%) (m`/ha) (# pieces/100 ni) 

Forest Type and Sample (I) 

Location Age mean (range) mean (range) mean (range) mean (range) mean (range) Size Reference 

Picea sitchensis/ Tsuga 
heterophylla 

Southeast Alaska 300-500 5.1 (2.1-14.3) 193(55-300) 5 

Southeast Alaska 466(72-1140) 7.8(4.9-12.8) 1.9(1 1-2.5) 185(140-250) 4 12 

5540 25.9 0.8 240 1 12 

Coastal B.C., Canada 200 860(850.-900) 792(330-1680) 5 2 

Olympic Nat. Pk., WA 100+ 701(520-850) 1.2(0.8-1.5) 60 7 3 

Coast Range, OR 80-140 271(114-536) 4.5(3.5-8.3) 375(194-584) 61(37-124) 5 4 

Picea sitchensis 

Coast Range, OR 50+ 4.5(2.0-7.3) 9.0(2.8-22.6) 293(201-422) 42(36-55) 4 5 

Tsuga heterophylla 

Coast Range, OR 80-150 507(142-1012) 5.2(2.7-7.1) 4.1(1.3-10.7) 190(86-363) 42(26-80) 9 6 

290-410 896(287-1629) 7.7(4.6-11.2) 1.2(0.4-2.0) 382(258-582) 58(47-81) 6 6 

Coast Range, OR 100-150 281(50-640) 4.6(2.5-7.1) 3.9(1.3-8.9) 210(30-430) 29(11-62) 9 7 

1075(600-1900) 9(4-13) 1.2(0.4-3.0) 78(47-133) 17(5-44) 4 7 

Coast/Cascades, OR Old 4 12.7(3.6-23.6) 44(25-72) 5 8 

Cascade Range, OR Old 61(23-87) 5 9 

Cascade Range, OR 250-500 315(114-645) 6.5(4.5-9.0) 10.8(6-17) 684(320-780) 5 I, 10 

Cascade Range, WA Old 365(40-1810) 6.5(3.6-9.7) 11.2(2-18) 42 14 I1 

3130(750-6800) 15 3(10 1-19.7) 3 3(1-10) 14 8 I I 

Continued on next page 



Table 18 (Cont'd) Comparison of large woody debris data from Pacific Northwest studies; data from Ursitti 1991. 

Basin Area Active Channel Width Stream Gradient MD Volume LWD Density 
(ha) (m) (%) (m'/ha) (# pieces/100 m) 

Forest Type and Sample (I) 

Location Age mean (range) mean (range) mean (range) mean (range) mean (range) Size Reference 

Pseudotsuga nienziesii 

Cascade Range, OR 500 600 12.0 570 

300-500 3415(1200-6000) 18.8(15.5-24.0) 240(150-340) 3 

Klamath Nits.. CA 300 296(110-640) 4 70 8-7 21 352(18-1200) 6 

(I) Data adapted from the following authors includes lwd size, category, and channel area surveyed (if available). 
I . Harmon et al. 1986 >10 cm diam 
2. Toews and Moore 1982 >3 m long 
3. Grette 1985 >10 cm diam., >3 m long 
4. Heimann 1988 >10 cm diam. to 4.5 m each side of channel centerline (probably includes zones 1-4) 
5. Long 1987 >10 cm diam., >1 in long to 5.0 m each side of channel centerline 
6. Ursitti 1991 >10 cm diam., >1 m long within active channel 
7. Veldhuisen 1990 >15 cm diam., >2 m long within active channel 
8. Summers 1983 >10 cm diam., >stream width in and above the active channel 
9. Franklin et al. 1981 >10 cm diam. 

10. Froehlich 1973 >10 cm diam., >0.3 m long to 4.5 m each side of channel centerline 
11. Bilby and Ward 1989 >10 cm diam., >2 m long 
12. Robison and Beschta 1990 >20 cm diam., >1.5 in long within active channel 
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I expanded the number from my study reaches to the entire watershed area. It appears 

that the study reaches may not have represented wood distribution for the watershed as a 

whole. They were high and consequently, expanded estimates fell into the higher end of 

the range reported in other studies. Large woody debris densities (# pieces/100 m) for 

Cummins and Cape Creeks were 5.0 and 4.7, respectively. These are outside of the 

range reported in other studies (Table 18) because the calculation for the current study 

only included single wood volumes and not the SWIZ. Although Cummins and Cape 

Creeks have comparable woody debris volumes, the data from this study can only 

evaluate the importance of wood at low flow conditions; the studies in Table 18 are able 

to address the importance of the role woody debris plays in winter high flow conditions. 

McMahon and Hartman (1989) found that woody debris was influenced the 

abundance of coho salmon within stream habitats in winter, and that the complexity of 

the wood was also important. Location of wood was important in a study done by Ralph 

et al. (1994). They found that the location of wood shifted towards the stream margins 

in harvested streams. Factors such as woody debris at low flow and high flow conditions 

and location within the stream may be as important to assess when addressing habitat 

conditions. 

One difference between streams was the number of pools within similar lineal 

distances of stream. Large wood is more effective in forming pool habitat, causing bed 

scour from flow deflections (Bilby 1985), which may be why there were twice the 

number of pools in Cummins Creek than in Cape Creek within the same longitudinal 

distance. Wood in streams also provides a physical obstruction to water flow (Bisson et 

al. 1987), which may explain the trend towards greater mean and maximum velocity 

observed in pools in Cummins Creek. Kaufmann (1987) found that larger amounts of 
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wood provided a greater array of velocitiescompared to less amounts. Reasons why 

differences in velocites were not seen between Cummins and Cape Creeks could be due 

to the similar volumes of wood within pools. 

Differences in geomorphology between the two creeks could have been the 

reason seen for differences in habitat characteristics. Cape Creek has a higher channel 

sinuosity than Cummins Creek, while Cummins Creek has a higher gradient than Cape 

Creek. A lower gradient, more sinuous and wider channel would provide areas of 

deposition, which could be why there were smaller substrates found in Cape Creek. 

Both physical and biological factors can influence the structure and composition 

of lotic fish communities. However, the influence of each on community structure is 

subject to much debate (Grossman et al. 1982, Yant et al. 1984). Some studies have 

found that biological interactions, including predation and interspecific competition, are 

important in determining the structure and composition of stream fish communities 

(Kalleberg 1958, Heck and Wetstone 1977, Faush and White 1981, Crowder and Cooper 

1982, Moyle and Vondracek 1985). Others suggest that physical conditions are more 

important (Moyle and Li 1979, Schlosser 1982a, Angermeier and Karr 1984, Shirvell 

1990). Some studies (Baltz et al. 1982, Schlosser 1985, Reeves et al. 1987, De Staso 

and Rahel 1994, Nielsen et al. 1994) have found that changes in environmental 

conditions can alter the outcome of interactions between lotic fishes. Everest and 

Chapman (1972) suggested that pattern of habitat use in sympatric populations of 

juvenile chinook salmon (O. tshawytscha) and steelhead trout in Idaho streams was 

based on selective, rather than interactive, segregation. Selective segregation is based 

upon a genetic difference as an explanation for species habitat use (Everest and 

Chapman 1972). In this study, I believe that a shift in relative abundance of coho 



58 

salmon resulted from an increase in habitat conditions favored by coho salmon rather 

than changes in interactions. 

Examination of individual species or total fish numbers may ignore community-

level effects of land management activities. Studies examining the impact of land 

management practices often consider a single species (e.g., Holtby 1988, Scrivener and 

Brownlee 1989) instead of a community. Assessing land management effects upon one 

species, although valuable, does not consider the range of responses of community 

members. For example, Swartz (1991) found that cutthroat trout populations in streams 

with coho salmon adjacent to areas that had been clearcut, remained lower than pre-

harvest populations 25 years after harvest. In this study, individual species were related 

to physical habitat characteristics, as well as other salmonid species, both of which could 

affect community structure. Finer substrates explained a portion of the variation in coho 

abundance in Cape Creek for both multiple regression models. Finer substrates typically 

settled out of the water column near the middle to end portions of pools because less 

wood occurred and velocities were slower. Coho salmon were generally found in the 

back portions of pools. In Cummins Creek, pool length and maximum depth explained a 

portion of the variance in coho abundance when physical factors alone were considered. 

Volume of single wood was related to coho density in Cummins Creek for both models. 

Single wood could have created a variety of flows and provided for visual isolation 

(Do lloff 1986). Cutthroat trout abundance and density was important to coho salmon in 

both streams. Reasons for this are unclear since other studies have shown a negative 

relationship between these two species (Schwartz 1991, Trotter 1989, Glova 1986). It is 

possible that in these coastal systems, cutthroat trout and coho salmon have little 

interaction due to differences in habitat, and this relationship is a statistical anomaly. 
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Trout 0+ abundance was related to pool length and volume of single pieces of 

wood in Cape Creek, while these characteristics were negatively related to trout 0+ 

density in Cummins Creek. The larger pool length in Cape Creek may have provided 

trout 0+ with preferred habitat. Moore and Gregory (1989) found that trout 0+ were 

associated with stream margins where the water velocities were slower. Single pieces of 

wood may provide trout 0+ with protection from predators and provide backwater areas 

of slower water velocity. In Cummins Creek, area of cobble was important to trout 0+ in 

both models, possibly providing protection and slow velocity areas as well. Steelhead 

1+ explained a high proportion of the variation trout 0+ abundance and density in both 

streams for the second model. Reasons for this is unclear, but this relationship could be 

due to individuals of the same species associating with one another, or similar habitats. 

Cutthroat trout abundances and densities were related to maximum depth in both 

streams; pool length was also important to cutthroat trout abundances in Cummins 

Creek. Maximum depth also explained a portion of the variation of steelhead 1+ trout 

abundance in both streams and steelhead 1+ density in Cummins Creek. Bisson et al. 

(1988) has shown that steelhead and cutthroat trout prefer deeper sections of pools and 

use larger substrates and wood for cover. For most of the salmonid species/age-classes 

and densities in the second multiple regression model, at least one physical habitat 

characteristic, as well as another salmonid species, explained a portion of the variation of 

species abundance. This emphasizes the importance of examining both physical and 

biological factors regulating structure and composition of salmonid communities. 

There may be other biological consequences of habitat differences due to 

management that were not manifested in this study. This study examined associations 

between pool habitat and juvenile salmonids during low flows in 1990. During this 
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time, coho relative abundance and trout 0+ density was greater in the managed system 

compared to the pristine system. Other studies also have seen similar effects, but found 

decreased survival at later seasons or in different life history stages. Holtby (1988) 

observed an increase in abundance of coho salmon smolts in Carnation Creek, British 

Columbia, following timber harvest. However, this did not translate into an increase in 

adult returns. Holtby (1988) speculated that the reason for this was a change in the 

timing of ocean entry caused by increased growth rates. Hall et al. (1987) observed a 

slight decrease in average numbers of coho migrating from managed streams compared 

to a reference system, but timing of this migration was earlier than normal and coho 

numbers continued to decline. Murphy et al. (1986) found coho abundance increased in 

summer in Alaskan streams after timber had been harvested, leaving no buffer zones, 

but, abundance declined in the next year because of reduced overwinter survival. 

Additional considerations for the Cummins and Cape Creeks study would be the 

consideration of associations between habitat components and other life history stages 

and seasonal changes within the pools and pool assemblages. 

Results from this study may provide insight into habitat components which could 

be important for maintaining diverse juvenile salmonid assemblages. This study 

suggests that assessing wood in relationship to high and low flow conditions, as well as, 

its role in pool formation may provide an additional component when examining the 

effect of woody debris. Wood provides pools with a variety of velocities (Swanston 

1991), and salmonids use wood for cover (Bisson et al. 1987). A variety of habitats 

could be created from an increased amount of wood within habitat units and where it is 

located (Dolloff 1986) which may enhance salmonid diversity. Larger pools which lack 
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wood throughout, may provide increased habitat for one species and thus may affect 

species abundance. 

Several physical attributes of stream habitat have been studied and combined in 

various ways to address habitat complexity (e.g., Shirvell 1990, Schlosser 1982a, 

McMahon and Hartman 1989, Moore and Gregory 1989). Physical elements of stream 

habitats, such as water depth, wood, water velocity and substrate composition, contribute 

to habitat complexity. A diverse array of microhabitat areas within lotic systems can be 

formed by various flow regimes, substrate types, depth profiles, and wood complexes; 

these attributes combine to create complexity in instream habitat. Habitat complexity 

has also been related to fish species diversity (Reeves et al. 1993). Complexity in 

Cummins and Cape Creeks was not addressed in enough detail to relate habitat 

complexity to fish species diversity. Complexity components assessed, such as woody 

debris, needed to be assessed for both high and low flow conditions and for other habitat 

units. 

Higher numbers of fish were found in the managed system, while diversity of the 

community was higher in the pristine system. Reeves et al. (1993) found similar results 

in salmonid community structure. Diversity was higher in unmanaged systems, while 

densities did not differ between streams with different harvest levels. Steelhead and 

cutthroat densities in this study were lower than in the streams assessed by Reeves et al. 

(1993), while the coho densities were comparable. This could be due to the lower 

number of sampling sites in this study and because this study only assessed pool habitat. 

Many resource managers are using habitat characteristics, such as number of 

pools, number of pools per mile, pool to riffle ratios, pool depth and number of pieces of 

large woody debris, to determine the condition of a stream. The latter two characteristics 
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are similar between Cape and Cummins Creeks, but there is a difference between the 

fish communities in these two systems. Relying on a few broad habitat characteristics to 

assess pool habitat condition may not be detailed enough to pick up discrepancies 

between similar systems. Pool size, and number of pieces of woody debris per pool area 

and salmonid diversity, may provide resource managers with further knowledge in order 

to assess pool habitat conditions. 

Coastal salmonids are the subject of much focus within the Pacific Northwest 

because of declining populations. Many populations could be listed as threatened or 

endangered in the near future (Nehlsen et al. 1991). One of the threats for juvenile 

anadromous salmonids is the decline of the quantity and quality of their freshwater 

habitat. Much of their freshwater habitat has been altered as a consequence of past land 

management activities (Hicks et al. 1991). Much more information is needed to assess 

the effects of land management activities on juvenile anadromous salmonid 

communities. This study was confined to low flow conditions and only assessed 

juvenile salmonids. Further studies on communities during high flows, different life 

stages, as well as assessing complete vertebrate communities, could give resources 

manager a more complete picture of habitat differences between pristine and managed 

systems. 
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Conclusion 

This study found similarities and differences in pool habitat characteristics and 

juvenile salmonid assemblages between two streams with different land management 

histories. Although these streams had some similar pool habitat characteristics, the 

structure of the juvenile salmonid assemblages differed. There were no significant 

differences (p> 0.05) between depth, velocity or wood volumes within these two 

streams. This could be due to the focus on a single type of habitat unit or the fact that 

the features examined did not respond to possible effects of land management activities. 

Perhaps analysis of other variables, such as residual pool depth, depth and velocity 

profiles in each pool, or estimation of wood within the active channel, may have shown 

differences such as have been found in other studies (Ralph et al. 1994, Carlson et al. 

1990, Ursitti 1991). 

Several pool habitat characteristics that were assessed in this study are currently 

used by resource managers to assess stream conditions. Despite the difference in land 

management activities many of these characteristics were found to be similar between 

Cape and Cummins Creeks. Caution is needed when evaluating stream systems; number 

of pieces of woody debris has been shown to be important for channel morphology 

(Sedell and Swanson 1984), but the location of that wood (Dolloff 1993) may be other 

important components in pools. Size and depth of pools is also used to assess stream 

condition. Large deep pools are considered to be good habitat. This study suggested 

that larger pools tended to offer habitat for one species. An increase in one species 

could affect species diversity. Pool depth, velocity or volume of wood did not differ 

between streams of differing land management activity. These habitat characteristics, if 
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assessed on their own without considering seasonal variations or the types of 

measurements taken, may provide misleading information for resource managers. 

Addition of fish community information, such as diversity or evenness, may provide 

resource managers with further insight into habitat conditions when assessing stream 

habitat conditions. 
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Table A.1 Correlations between pool habitat characteristics in Cummins Creek, OR, 1990. 

NA=Not Mean Maximum Mean Maximum Length Width Surface Volume SW1Z Single Thal Area Area Area Area Area Area Area Area Area 
Applicable Depth Depth Velocity Velocity Area Wood Wood Organic Clay Silt Sand Mai Large Cobble Boulder Bea, xi 

'p<0 05 Vol. Vol. Gravel Gravel 
"p<0 01 

Mean Depth NA 1385 (111 ** -0.09 0.07 0.27. 0 15 NA 0.07 (0(19 0.08 0.31 0.06 1334 0.06 4308 -1.02 0.12 18 .0 6 

Max.Depth NA 0.11 ** -0.03 0131* 044.* 040 ** NA -0.01 -0.11 -0.03 0.41 ** 009 0 49.. 0.21 0.04 0.20 0.23* 0.34." 0.10 

Mean Vel. NA NA -0.10 -0.33.* -0.19 -(118 018 0.12 0.19 -0.32* -0.10 -0.36* -0.16 -0.09 -0316 -0.14 -0 10 0.13 

Max Vel NA 0.03 0.040.* 0 051 -0.04 -0.03 41.03 -0.03 -0.04 -0.03 -01118 0.07 -03/2 -0.07 0.05 0.21 0 (Si 

Length NA 0.18 NA NA -0.1(2 4319 -0B5 NA NA NA NA NA NA NA NA NA 

Width NA NA NA -0.11 -0,16 -0.13 NA NA NA NA NA NA NA NA NA 

Surface NA NA 3305 -0.20 -0.08 NA NA NA NA NA NA NA NA NA 

Volume NA 0.01 al IN -(0)! NA NA NA NA NA NA NA NA NA 

SW IZ NA 0.11 NA -0.05 0.02 -0.08 -0 12 0.01 0.15 -000 -0.10 -0 20 

Sng. Wood NA NA 0.01 -0.09 -0.08 -030 -0.02 -0.15 -0.29* -0 15 -0.17 

Total Wok.' NA -0315 (101 -0.09 -0.13 (081 0.12 -0 04 0.12 3322 

Organics NA 0.52.* 0.73*. (171.* 0.07 0.385. 0.27. 0.51** 1H I 

Clay NA ((47 ** 0.38*. -0.09 0 40** 0.29* 0 35.* -0.)12 

Silt NA 0.53*. -0.03 041.* 1333* UV" 0.19 

Sand NA 0.08 0.41.* 0 16 0 425" 0.40*. 

Med. Gravel NA (1.22 -0.15 0 16 -(0(2 

Lg Gray NA 0.32* 0107 0.40 

Cobble NA 0 57 0.16 

Madder NA 0.23 

Bcdrrx k NA 



Table A.2 Correlations between pool habitat characteristics in Cape Creek, OR, 1990. 

NA=Not Mean Maximum Mean Maximum Length Width Surface Volume SWIZ Single Tool Area Area Area Area Area Area Area Area 
Applicable Depth Depth Velocity Velocity Area Wood Wood Organics Silt Sand Med. Large Cobble Boulder Bedrock 

.p<0.05 Volume Volume Gravel Gravel 
**TKO 01 

Mean Depth NA NA -0.27 -0.10 0.27 0.29 ((.26 NA 0.45°' 0.06 0.46°' 029 0.20 029 -.11.05 000I 0 16 0.24 0 40' 

Max. Depth NA B.43. -0.01 0.49*. 0.39. 0 50 NA 0.17 0.11 0.18 0.25 0.60** 0.17 -0.02 0 09 0.35 0.34 0 (,0." 

Mean yel. NA NA -0.26 -0.58.. -0.36 -0.40' 4429 -0.09 -0.30 -0.40. -0.28 -0.13 -0.09 -024 -0.12 0.16 -0.06 

Max.Vel. NA -0.20 -0.50° -0.31 -0.32 -0.42' 0.42* -0.38' -046.. -020 -0.17 -11.19 -0.14 -0.04 0.07 0.09 

Length NA 0 25 NA NA 0.09 4403 0.08 NA NA NA NA NA NA NA NA 

Width NA NA NA 0.25 -0ft5 0.24 NA NA NA NA NA NA NA NA 

Surface NA NA 0.10 -0.06 0.09 NA NA NA NA NA NA NA NA 

Volume NA 0.28 -0.01 0.28 NA NA NA NA NA NA NA NA 

SWIZ NA -006 NA 0.41'. 0.11 0.36 -0.14 -009 ILLS -0.07 .0 08 

Sng.Wood NA NA 0.11 -0.10 -0.00 -0.11 -008 0 20 ((.07 -008 

Taal Wood NA 048.* 0.10 0.36 -0.15 0.09 0.17 -0.06 -0.09 

Organics NA 043' 0.63' 029 0 15 ((.24 0.20 

Silt NA 0.25 0.29 0 20 0.51." 041. 0.50.. 

Sand NA 0.43. 0.14 0.12 0.27 011 

Med. Gravel NA 0 63*. .0.05 -0.07 -0.03 

L g.firav NA 0.21 0.02 -0.02 

Cobble NA 0.06'. -01/5 

Boulder NA 0.09 

Bednx:k NA 




