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Abstract 

Evaluation of restoration projects and channel changes in the Little Naches basin, with a 
comparison to the American River basin, WA 

Mark J. Muir 

Chairperson of the Supervisory Committee: 
Associate Professor Susan M. Bolton 

College of Forest Resources:  Forest Engineering and Hydrology 

The overall purpose of this study was to evaluate in-stream, riparian and road restoration 

projects (1986-2002), habitat variability (1990-2001) and channel changes (1994-2001) 

in the Little Naches watershed in light of changing land management practices and active 

restoration work in the basin over the same time frames.  The Little Naches watershed 

has been a high priority for restoration because of the depressed state of salmonid 

populations and degraded habitat conditions.  The American River, immediately to the 

south, was used as a reference of natural conditions and processes that existed historically 

in the area.  Only active response or pool-riffle reaches were surveyed in both basins.  

Between 1986 and 2002, the physical durability of in-stream structures varied with 

structure type, location in the channel and channel type.  Structures placed along the 

channel margins generally had greater longevity than channel spanning structures.  

Results generally indicated that in-stream manipulation was not effective at creating or 

maintaining habitat in the long term, particularly in active response reaches.  Floodplain 

collector logs had high survival rates and were successful at encouraging micro-sites of 

sediment deposition and riparian plant establishment in a disturbed stream reach.  Fine 

sediment levels measured from McNeil gravel samples showed a slight, yet statistically 

significant decrease in fine sediment (<0.85 mm) between 1991 and 2001, but the 

decrease cannot be directly linked to road restoration efforts.  Between 1990 and 2001, all 

four Little Naches response reaches showed an increase in primary pool habitat and 

decrease in riffle habitat.  Total counts of large woody debris increased in three out of 



 

 

four reaches.  Spawning sized gravels and the percent of reach area comprised of 

spawning habitat also increased in three reaches.  The percent of stream length embedded 

with fine sediments decreased in three reaches.  Cross-section surveys in the Little 

Naches basin (1994-2001) revealed localized channel migration in the most disturbed and 

confined reach (L4), where several key pieces of large woody debris were recruited to the 

channel during a 1996 flood.  These pieces of LWD were associated with complex pool 

habitat and further wood accumulations in 2001 and 2002.  One reach (L7) exhibited 

characteristics indicative of a reach close to dynamic equilibrium while another reach 

(L8) was adjusting to a new main channel after an avulsion during the 1996 flood event.  

The channel and habitat changes observed in the Little Naches River appear strongly 

related to the flood events of 1990 and 1996, rather than active management efforts.  

Graphical and descriptive statistical analyses of 2001 stream survey data revealed key 

differences between the Little Naches and American River response reaches.  The 

American River exhibited a more complex and diverse array of habitat for both juvenile 

and adult salmonids.  Pool habitat, side channel habitat and LWD were all more abundant 

in the American River.  Pools also had more total cover and deeper residual depths.  The 

more dynamic and unconfined nature of the American river was illustrated by a high 

percentage of pool habitat associated with meander bends, floodplain connectivity and 

gravel bar dynamics.  The relative ranking of data sub-sets that explained the majority of 

variance between Little Naches and American River reaches was:  1) habitat percentages, 

2) gravel bar dynamics, 3) LWD quantity, 4) median grain size, 5) pool cover and 6) pool 

forming agent.  However, since no factor explained the majority of variance, all data sub-

sets appeared important.  Reach 8 (L8) of the Little Naches River most closely resembled 

conditions observed in the American River, while reach 4 (L4) was the most dissimilar.  

In summary, results indicated that habitat conditions are improving in the Little Naches 

River (1990-2001), but are not equivalent to those of the American River reference 

reaches.  The information gained in this study can help prioritize the location and type of 

future restoration and preservation efforts within the Little Naches watershed. 



 

 i

TABLE OF CONTENTS 
LIST OF FIGURES ........................................................................................................III 

LIST OF TABLES ........................................................................................................ VII 

CHAPTER 1:  INTRODUCTION................................................................................... 1 
BACKGROUND AND DESCRIPTION OF STUDY .................................................... 1 
SITE DESCRIPTIONS ................................................................................................... 4 

Location and Physiography......................................................................................... 4 
Geology and Geomorphic Landforms ........................................................................ 6 
Hydrology ................................................................................................................... 9 
Vegetation ................................................................................................................. 14 
Fisheries .................................................................................................................... 14 
Land Use History ...................................................................................................... 17 
Reach Overviews ...................................................................................................... 20 

HISTORIC SURVEYS ................................................................................................. 29 
Little Naches River:  1935 - 1990............................................................................. 29 
American River:  1935 – 1992, 1957........................................................................ 31 

STUDY OBJECTIVES................................................................................................. 33 

CHAPTER 2.  PHYSICAL DURABILITY AND EFFECTIVENESS OF 
RESTORATION TECHNIQUES ................................................................................. 35 

INTRODUCTION ........................................................................................................ 35 
BACKGROUND OF RESTORATION WORK........................................................... 35 

In-stream ................................................................................................................... 35 
Riparian..................................................................................................................... 36 
Roads and Trails ....................................................................................................... 37 

METHODS ................................................................................................................... 38 
RESULTS ..................................................................................................................... 39 

In-stream ................................................................................................................... 39 
Riparian..................................................................................................................... 51 
Roads and Trails ....................................................................................................... 51 

DISCUSSION............................................................................................................... 54 
In-stream ................................................................................................................... 54 
Riparian..................................................................................................................... 58 
Roads and Trails ....................................................................................................... 58 

CHAPTER 3:  STREAM HABITAT SURVEYS ........................................................ 62 
INRODUCTION........................................................................................................... 62 
METHODS ................................................................................................................... 63 

2001 Stream Surveys ................................................................................................ 64 
Changes in Stream Survey Methodology:  1990 – 2001 .......................................... 69 
Graphical and Statistical Analyses............................................................................ 73 



 

 ii

RESULTS ..................................................................................................................... 76 
Comparison of Little Naches and American Rivers:  2001 ...................................... 76 
Little Naches River:  1990 – 2001 .......................................................................... 104 
American River:  1992 - 2001 ................................................................................ 112 

DISCUSSION............................................................................................................. 114 
Comparison of Little Naches and American Rivers:  2001 .................................... 114 
Little Naches River:  1990 – 2001 .......................................................................... 127 
American River:  1992 – 2001................................................................................ 134 

CHAPTER 4:  HYDROLOGIC CROSS-SECTION SURVEYS ............................. 136 
INTRODUCTION ...................................................................................................... 136 
METHODS ................................................................................................................. 136 
RESULTS ................................................................................................................... 137 

Little Naches River:  1994, 1996 and 2001 ............................................................ 137 
DISCUSSION............................................................................................................. 153 

Little Naches River:  1994, 1996 and 2001 ............................................................ 153 

CHAPTER 5:  CONCLUSION.................................................................................... 157 
SUMMARY................................................................................................................ 157 
MANAGEMENT IMPLICATIONS........................................................................... 161 
SUGGESTIONS FOR FUTURE RESEARCH........................................................... 164 

LIST OF REFERENCES............................................................................................. 165 

APPENDIX A:  REACH MAPS.................................................................................. 178 

APPENDIX B:  CHAPTER 3 STREAM SURVEY SUMMARY DATA ................ 184 

APPENDIX C:  LITTLE NACHES RIVER STAGE-DISCHARGE 
RELATIONSHIP.......................................................................................................... 191 



 

 iii

LIST OF FIGURES 

Figure 1.  Location of the study area. ................................................................................ 5 
Figure 2.  Geomorphic landforms of the Little Naches and American River      

watersheds. ................................................................................................................. 7 
Figure 3.  Mean monthly streamflow for the Little Naches and American Rivers. ......... 10 
Figure 4.  Annual precipitation (cm) in the Little Naches and American River  

watersheds. ............................................................................................................... 11 
Figure 5.  (A) A completed Chinook redd in the American River.  (B-C) Spawning 

Chinook salmon in the American River.................................................................... 16 
Figure 6.  Two examples of land use in the Little Naches watershed:  (A) logging           

in the upper basin and (B) off-road vehicle recreation. ........................................... 18 
Figure 7.  1986 aerial photograph of the Little Naches River, reach L1. . ....................... 22 
Figure 8.  1986 aerial photograph of the Little Naches River, reach L4. . ....................... 23 
Figure 9.  Downstream view of a section in reach L4 that was dredged during the         

late 1970s. ................................................................................................................ 24 
Figure 10.  1986 aerial photograph of the Little Naches River, reach L7. ...................... 25 
Figure 11.  1986 aerial photograph of the Little Naches River, reach L8. ...................... 26 
Figure 12.  1986 aerial photograph of the American River, reach A3. ............................ 28 
Figure 13.  1986 aerial photograph of the American River, reach A5. ............................ 28 
Figure 14.  Salmon falls fish ladder in the upper section of reach L4, Little Naches   

River. ........................................................................................................................ 40 
Figure 15.  Upstream view of log v-weirs installed in 1987 (Little Naches reach L4), 

shown here in (A) 1990 and (B) 2002. . ................................................................... 43 
Figure 16.  Single log-weirs installed in 1987 (Little Naches reach L4), pictured here      

in 2002.  100% were functioning as intended (N = 3). ............................................ 44 
Figure 17.  Passage rocks installed in 1987 (Little Naches reach L4), pictured here          

in 2002.  82% were functioning as intended (N = 27).. ............................................ 45 
Figure 18.  Turning rocks installed in 1987 (Little Naches reach L4), pictured here          

in 2002.  92% were still present, but not functioning as intended (N = 13). ............ 46 
Figure 19.  Rock u-weir installed in Quartz Creek, just upstream of the confluence      

with the Little Naches (reach L4). ........................................................................... 46 
Figure 20.  Rock barbs installed in 2000 (Little Naches reaches L2 and L3), pictured   

here in 2002.  ............................................................................................................ 47 
Figure 21.  Large woody debris cabled to the channel margins of Crow Creek,      

installed in 1991–1992, pictured here in 2002. ........................................................ 48 
Figure 22.  (A) Off channel pond excavated in 1987 and (B) side channel         

constructed in 1992, both pictured here in 2001 (Little Naches reach L4)............... 50 
Figure 23.  Floodplain “collector” logs placed in 1986-87, shown here in 2002.  .......... 52 
Figure 24.  Percent fines (A) <0.85mm and (B) <1.00 mm for years 1991 – 2001,           

in the Little Naches watershed (N=10). ................................................................... 53 
Figure 25.  Graphic representation of cobble embeddedness. ......................................... 69 



 

 iv

Figure 26.  Illustrations of (A) true glide habitat units and (B) wide shallow               
pools that were sometimes used synonymously with glides. ................................... 73 

Figure 27.  (A) Stream-wide and (B) reach level comparison of habitat type     
percentages calculated using surface area.  (C) Stream-wide and (D) reach          
level comparison of habitat type percentages calculated using the count of       
habitat units. .............................................................................................................. 82 

Figure 28.  (A) Stream-wide and (B) reach level comparison of average habitat            
unit width (m).  (C) Stream-wide and (D) reach level comparison of average     
habitat unit length (m)............................................................................................... 83 

Figure 29.  Boxplots of pocket pools per riffle for (A) stream-wide and (B) reach       
level comparison.   Circles are outliers and asterisks are extremes. ......................... 84 

Figure 30.  The ratio of side to main channel length in the American  and Little       
Naches Rivers, 2001:  (A) stream-wide and (B) reach level comparison................. 84 

Figure 31.  (A) Stream-wide and (B) reach level comparison of LWD counts for       
small, medium and large pieces per 100 m.  (C) Stream-wide and (D) reach        
level comparison of LWD percentages found in complexes vs. single pieces. ........ 85 

Figure 32.  Box plots of LWD pieces per complex (by size class) for (A) stream-wide  
and (B) reach level comparison.  Box Plots of total pieces of LWD per complex    
for (C) stream-wide and (D) reach level comparison. ............................................. 86 

Figure 33. Box plots of total percent cover per pool for (A) stream-wide and (B)        
reach level comparison.  (C) Stream-wide and (D) reach level comparison of   
percent pool cover distribution in the following categories:  LWD, overhanging 
vegetation, undercut bank and surface turbulence. .................................................. 87 

Figure 34.  Box plots of residual pool depth (m) for (A) stream-wide and (B) reach    
level comparison.  (C) Stream-wide and (D) reach level comparison of pool   
forming agent distribution (by surface area) in the following categories:  bed     
(mid-scour), LWD, Weirs, and meander bends. ....................................................... 88 

Figure 35.  (A) Stream-wide and (B) reach level comparison of surface substrate 
percentages from visual estimates.  (C) Stream-wide and (D) reach level  
comparison of median particle sizes (D15, D35, D50 and D84). .................................. 89 

Figure 36.  (A) Stream-wide and (B) reach level comparison of average bankfull       
width, floodprone width and bankfull width/bankfull depth ratio.  (C) Stream-    
wide and (D) reach level comparison of average bankfull depth, maximum    
bankfull depth, floodprone depth and floodprone width/bankfull width ratio.......... 90 

Figure 37.  (A) Stream-wide and (B) reach level comparison of percent gravel bar 
distribution between unvegetated and vegetated  gravel bars.  (C) Stream-wide     
and (D) reach level comparison of percent distribution for only vegetated gravel   
bars by average height of vegetation (meters). ........................................................ 91 

Figure 38.  Box plots of (A) unvegetated and vegetated gravel bar size (stream-          
wide level), (B) unvegetated gravel bar size (reach-level) and (C) vegetated       
gravel bar size (reach level). .................................................................................... 92 

Figure 39.  Biplot of principal components analysis on the 2001 habitat data. ............... 95 



 

 v

Figure 40.  Biplot of principal components analysis on the 2001 large woody            
debris data. ............................................................................................................... 96 

Figure 41.  Biplot of principal components analysis on the 2001 pool cover data. ......... 97 
Figure 42.  Biplot of principal components analysis on the 2001 pool forming            

agent data. ................................................................................................................ 98 
Figure 43.  Biplot of principal components analysis on the 2001 median particle          

size data. ................................................................................................................... 99 
Figure 44.  Biplot of principal components analysis on the 2001 gravel bar data. ........ 100 
Figure 45.  Conceptual diagram showing the reduction of 25 observed variables              

(6 x 25 matrix) into a 6 x 6 matrix, with a single score for each data subset. ....... 101 
Figure 46.  Biplot of principal components analysis on the final weighted matrix,    

created from 2001 data subsets. ............................................................................. 102 
Figure 47.  Results of two multivariate cluster analyses applied to the final           

weighted matrix of 2001 stream survey data:  (A) agglomerative and (B)       
divisive. .................................................................................................................. 103 

Figure 48.  Habitat percentage changes in the Little Naches River between 1990           
and 2001. ................................................................................................................ 105 

Figure 49.  Habitat percentage changes in the Little Naches River between 1990            
and 2001:  (A) reach L1, (B) reach L4, (C) reach L7 and (D) reach L8.  .............. 106 

Figure 50.  Percent primary pool changes in the Little Naches River between 1990       
and 2001:  (A) by surface area and (B) by count of habitat units. .......................... 107 

Figure 51.  Large woody debris changes in the Little Naches River between 1990         
and 2001:  (A) pieces per 100 m by size class for all reaches (L1, L4, L7 and        
L8) and (B) count of all size classes (small + medium + large) per 100 m for       
each individual reach. ............................................................................................. 108 

Figure 52.  Large woody debris per 100 meters in the Little Naches River for years     
1990 and 2001:  (A) reach L1, (B) reach L4, (C) reach L7 and (D) reach L8........ 109 

Figure 53.  Pieces of large woody debris per 100 m (medium + large pieces) in the    
Little Naches River for years 1990, 1991, 1997 and 2001. ................................... 110 

Figure 54.  Length of stream embedded (percent) in the Little Naches River          
between 1990 and 2001, for reaches L1, L4, L7 and L8. ....................................... 110 

Figure 55.  Substrate changes in the Little Naches River between 1990 and 2001:         
(A) reach L1, (B) reach L4 and (C) reach L7.  (D) Percent spawning area for  
reaches L1, L4 and L7 between 1990 and 2001. ................................................... 111 

Figure 56.  Habitat percentages (by surface area) and LWD per 100 m (small +     
medium + large) in the American River between 1992 and 2001. ......................... 113 

Figure 57.  Examples of representative side channel habitat found in the American       
and Little Naches Rivers during the 2001 stream surveys...................................... 117 

Figure 58.  Comparison of surface substrate composition in riffles from visual              
and pebble count methods for the (A) Little Naches and (B) American             
Rivers, 2001. ........................................................................................................... 119 

Figure 59.  1986 aerial photograph that illustrates the complexity of habitat found           
in the American River. ........................................................................................... 123 



 

 vi

Figure 60.  Flow at time of survey (cms) in the Little Naches River during the            
1990 and 2001 surveys............................................................................................ 128 

Figure 61.  Annual peak flows (cms) in the American River between 1940 and          
2001......................................................................................................................... 133 

Figure 62.  Little Naches reach L4 plan view, cross-sections 1-14:  (A) 1994, (B)       
1994 and 1996 and (C) 1994, 1996 and 2001......................................................... 139 

Figure 63.  Little Naches reach L4 plan view, cross-sections 5 – 9:  (A) 1994, (B)      
1994 and 1996 and (C) 1994, 1996 and 2001......................................................... 142 

Figure 64.  Little Naches reach L4 channel scour/fill data for the following time    
periods:  (A) 1994 – 1996, (B) 1996 – 2001 and (C) 1994 – 2001......................... 145 

Figure 65.  Little Naches reach L7 plan view, cross-sections 1-13:  (A) 1994, (B)       
1994 and 1996 and (C) 1994, 1996 and 2001......................................................... 147 

Figure 66.  Little Naches reach L7 channel scour/fill data for the following time    
periods:  (A) 1994 – 1996, (B) 1996 – 2001 and (C) 1994 – 2001......................... 150 

Figure 67.  Little Naches reach L8 plan view, cross-sections 1-7:  (A) 1996 and (B)    
1996 and 2001......................................................................................................... 151 

Figure 68.  Little Naches reach L8 channel scour/fill data, 1996 – 2001. ..................... 153 
Figure 69.  Large woody debris recruitment caused by lateral channel migration              

in the Little Naches River, reach L4, pictured here in 2001. . ................................ 154 
 
 
Appendix A:  Reach Maps 
 
Figure A1:  Little Naches reach L1 site map.  Contour interval = 40 ft. . ...................... 178 
Figure A2.  Little Naches reach L4 site map.  Contour interval = 40 ft. ........................ 179 
Figure A3.  Little Naches reach L7 site map.  Contour interval = 40 ft. ........................ 180 
Figure A4.  Little Naches reach L8 site map.  Contour interval = 40 ft. ........................ 181 
Figure A5.  American River reach A3 site map.  Contour interval = 40 ft..................... 182 
Figure A6.  American River reach A5 site map.  Contour interval = 40 ft..................... 183 
 
 
Appendix C:  Little Naches Stage-Discharge Relationship 
 
Figure C 1.  Little Naches stage-discharge relationship established using data from   

water years 1994 and 2001 (USDI Bureau of Reclamation 2002). ....................... 191 
 



 

 vii

LIST OF TABLES 

Table 1.  Watershed characteristics of the Little Naches and American Rivers................. 6 
Table 2.  Drainage area (km2), total kilometers of roads, and road density (km/km2)        

of sub-watersheds in the Little Naches and American River drainages. .................. 18 
Table 3.  Attributes of the Little Naches and American River response reaches. ............ 21 
Table 4.  Chinook salmon redd counts for years 1988-2001 in the Little Naches        

River, above and below the salmon falls fish ladder, installed in 1986.  ................. 40 
Table 5.  Physical durability of in-stream and riparian restoration projects in the        

Little Naches basin. .................................................................................................. 42 
Table 6.  Little Naches reaches surveyed in the 1990, 1991, 1997 and 2001 stream 

surveys. . ................................................................................................................... 63 
Table 7.  Calculation of the 2001 and historic parameters. ............................................. 66 
Table 8.  Historic and current substrate size classes. ....................................................... 68 
Table 9.  Definitions of minimum tree diameter and location of diameter       

measurement used in the 1990, 1991, 1997 and 2001 Little Naches stream     
surveys. .................................................................................................................... 70 

Table 10.  Definitions of minimum tree diameter and location of diameter     
measurement used in the 1992 and 2001 American River surveys. ........................ 70 

Table 11.  Correction factors for the 1990 and 1991 Little Naches LWD counts. .......... 71 
Table 12.  Correction factors for the 1992 American River LWD counts. ...................... 71 
Table 13.  2001 habitat percentage data (by surface area) used in principal       

components analysis. ............................................................................................... 95 
Table 14.  2001 large woody debris data used in principal components analysis. .......... 96 
Table 15.  2001 pool cover data used in principal components analysis. ........................ 97 
Table 16.  2001 pool forming agent data used in principal components analysis. .......... 98 
Table 17.  2001 median particle size data used in principal components analysis. ......... 99 
Table 18.  2001 gravel bar data used in principal components analysis. ....................... 100 
Table 19.  Final weighted matrix of the 2001 stream survey data, used in principal 

components analysis. ............................................................................................. 102 
Table 20.  Cross section data collected in 1994, 1996 and 2001, for three reaches            

of the Little Naches River. ...................................................................................... 138 
Table 21.  Channel migration data (meters per year) for three reaches of the Little   

Naches River, over the following time periods:  1994 - 1996 and 1996 - 2001..... 138 
 

 

 

 

 



 

 viii

Appendix B:  Chapter 3 Stream Survey Summary Data 
 
Table B 1.  Main channel lengths and other stream survey variables for the         

American and Little Naches Rivers, 2001. ............................................................. 183 
Table B 2.  Habitat unit surface area and count of habitat units in the American and    

Little Naches Rivers, 2001...................................................................................... 183 
Table B 3.  Habitat percentages and dimensions in the American and Little Naches 

Rivers, 2001. ........................................................................................................... 184 
Table B 4.  Large woody debris (LWD) quantity and distribution in the American        

and Little Naches Rivers, 2001............................................................................... 184 
Table B 5.  Pool Parameters in the American and Little Naches Rivers, 2001. ............. 185 
Table B 6.  Substrate composition and median grain size in the American and Little 

Naches Rivers, 2001.  Stream-wide median grain size values are weighted by    
reach surface area.................................................................................................... 185 

Table B 7.  Average bankfull and floodplain dimensions of the American and Little 
Naches Rivers, 2001. . ............................................................................................ 186 

Table B 8.  Gravel bar distribution and size in the American and Little Naches        
Rivers, 2001. .......................................................................................................... 186 

Table B 9.  Habitat percentage changes in the Little Naches River between 1990          
and 2001. ................................................................................................................ 183 

Table B 10.  Large woody debris per 100 m changes in the Little Naches River     
between 1990 and 2001. . ....................................................................................... 183 

Table B 11.  Pieces of large woody debris per 100 m (medium + large size classes)         
in the Little Naches River for years 1990, 1991, 1997 and 2001. .......................... 183 

Table B 12.  Percent substrate and percent spawning area changes in the Little        
Naches River between 1990 and 2001. .................................................................. 184 

Table B 13.  Percent pools (by surface area and count), percent of stream length 
embedded and flow at time of survey in the Little Naches River between            
1990 and 2001......................................................................................................... 184 

Table B 14.  Habitat percentage and LWD changes in the American River between    
1992 and 2001. ....................................................................................................... 184 

 



 

 ix

Acknowledgements 
 

I would like acknowledge the support and guidance of my advisor Susan Bolton, as well 
as the other members of my research committee:  Pete Bisson and Robert Wissmar.  The 
former Center for Streamside Studies provided funding for data analysis and the 
Wenatchee National Forest gave funding for summer field work and data collection.  
There are many people to thank from the Wenatchee National Forest.  I am greatly 
indebted to Tom Robison and Ken MacDonald for meeting with me, proposing this 
project and supporting me from the beginning.  Bill Garrigues, Karen Lindhorst, Scott 
Hoefer and Gary Toretta provided important insights and guidance at the Naches Ranger 
District.  Excellent discussion and advice during long hours in the field came from Jeff 
Hosman, Yuki Reiss, Alana High, Tom St.Claire, Mike Martin, Monica Lemon Gabe 
Wagner and Myron Betts.  Sam Bissell assisted with surveying the in-stream restoration 
structures and gave valuable background information about their installation and the 
study area history.  Carl Davis contributed information about the geology and 
geomorphology of the study area.  Glynis Bauer, Cristina Gosnell and Pat Murphy 
provided GIS data and expertise.  Becki Kate and Eric Chase provided survey expertise 
in re-measuring the Little Naches cross-sections.   

There are many people at the University of Washington to thank.  Invaluable assistance 
with statistical analyses came from Loveday Conquest and Cliff Lunneborg.  I never 
would have finished this project without the encouragement and advice from fellow 
students in the forest hydrology lab including Jeff Shellberg, James Packman, Gardner 
Johnston, Mike Liquori, Martin Fox, Bryan Berkompas, Tim Brown, Cathy Reidy and 
Kris Jaeger,  

Due to the collaborative nature of this project, I have several people to thank from 
various organizations.  I would like to acknowledge Jeannette Smith and her counterparts 
for carrying out the first wave of this project in 1990 and for offering important 
background information.  Jim Matthews, with the Yakama Nation, provided McNeil 
sediment sample data along with helpful interpretations.  Jeff Light, with Plum Creek 
Timber Company, gave important information about the road restoration work done in 
the study area.   

Many thanks to friends and family who have supported me along the way.  Particular 
thanks need to go to my mother whose persistence, patience and downright prodding kept 
me from quitting school long ago.  Most of all I am indebted to my wife Jennifer, for 
continually supporting my decision to go back to graduate school and for putting up with 
me through the ups and downs.  Finally, I’m very grateful to my two children Kiera and 
Colin, who provided numerous distractions and diversions along the way, but always 
reminded me of what is truly important, and ultimately gave me the inspiration to finish 
this project.   

 
 



 1

CHAPTER 1:  INTRODUCTION 

BACKGROUND AND DESCRIPTION OF STUDY 

Pacific salmon (Oncorhynchus spp.) and steelhead (Oncorhynchus mykiss) are a 

cornerstone of Pacific Northwest industry, recreation, and culture.  Since the settlement 

of the West began in the 1850s, development activities such as hydropower, fishing, 

logging, grazing, agriculture and urban growth have caused extensive losses in salmon 

and steelhead populations and habitats (Nehlsen et al. 1991).  The primary causes of 

population decline have been adult and juvenile mortality due to numerous dam passages, 

loss and destruction of habitat from land-use impacts, water diversions and over use of 

stocks from commercial harvest (NPPC 1986; Wissmar et al. 1994).  Salmon and 

steelhead populations in the Pacific Northwest are now at a crossroads; many stocks are 

extinct and the remaining stocks face a host of challenges (Nehlsen et al. 1991).   

Several steps have been taken in the Pacific Northwest in an attempt to mitigate this 

situation.  In 1980, the United States Congress passed the Pacific Northwest Power 

Planning Act.  This act created the Northwest Power Planning Council (NPPC), which 

was intended to cooperate with the Bonneville Power Administration (BPA) in 

developing the Columbia River Basin Fish and Wildlife Program (Smith 1993).  The 

Columbia River Basin Fish and Wildlife Program (1987) was intended to protect, 

mitigate and enhance fish and wildlife resources affected by hydro-power facilities in the 

Columbia River basin (Smith 1993).   

Furthermore, the USDA Forest Service was directed to inventory and characterize stream 

habitat for anadromous fish and riparian habitat through its Land and Resource 

Management Plans (USDA Forest Service 1990a).  Landmark policy changes took place 

in 1994, when the Aquatic Conservation Strategy began and the Northwest Forest Plan 

was implemented (USDA Forest Service 1994a).  Restoration took on a watershed 

perspective and three main components were identified on federal lands:  1) control and 

prevention of road-related runoff and sediment production, 2) restoration of riparian 
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vegetation condition and 3) restoration of in-stream habitat complexity (USDA Forest 

Service 1994a).   

In recent years, stream habitat, riparian zone and watershed restoration projects have 

come to the forefront of salmonid conservation.  It has been recognized that restoration 

efforts should expand beyond a focus on in-stream conditions and account for habitat 

forming processes functioning at the catchment scale (Stanford et al. 1996, Poff et al. 

1997,  Frissell and Ralph 1998, Kondolf 1998, Beechie and Bolton 1999, Roni et al. 

2002).  Although many restoration projects have been initiated, limited follow-up or long 

term monitoring has been done.  Considering the time, money and effort required to 

perform restoration work, there is a great need for long term research and monitoring of 

restoration projects to determine potential successes and failures (Wissmar 1993, Kondolf 

and Micheli 1995, Boon 1998, Frissel and Ralph 1998, Roni et al. 2002).   

The Little Naches River in the Yakima River drainage presents an excellent opportunity 

to monitor and evaluate the effectiveness of various restoration techniques.  The Little 

Naches watershed has been a high priority for restoration because of the depressed state 

of salmonid populations (USDA Forest Service 2000a) and degraded habitat conditions 

due to extensive land management practices (Wissmar et al.  1994).  Smith (1993) 

observed that habitat and riparian recovery in the Little Naches basin was cyclical 

between 1935 and 1990, and hypothesized that recovery could once again be initiated if 

management activities were curtailed and/or modified.  Between 1986 and 2002, a variety 

of in-stream, riparian zone and road/trail restoration projects occurred in the basin.   

One of the main objectives of this study was to evaluate the physical durability and 

effectiveness of the various restoration techniques used between 1986 and 2002 (Chapter 

2).  Habitat and channel changes were also evaluated by comparing current to previous 

stream and cross-section surveys.  In 1990, a stream survey was conducted identifying 

the abundance and distribution of salmonid habitat in the mainstem Little Naches River 

(Smith 1993).  This survey was repeated in 2001 to evaluate changes in habitat 

characteristics between 1990 and 2001 (Chapter 3).  Hydrologic cross-section surveys 
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that were conducted in 1994 and 1996 were also repeated in 2001 to evaluate changes in 

channel characteristics between 1994 and 2001(Chapter 4).  Stream and cross-section 

surveys were repeated in 2001 with the intent of evaluating habitat and channel changes 

in light of the regulatory changes and restoration work that occurred in the watershed 

over the same time period.   

In order to develop and implement habitat restoration plans, information on the quantity 

and condition of available habitat relative to historic conditions is essential (Smith 1993, 

Kondolf and Micheli 1995, Boon 1998, Wissmar 1997, Frissel and Ralph 1998).  In 

1993, Smith characterized the historic condition of the Little Naches River by using 

Bureau of Reclamation stream survey data collected in 1935.  However, analysis of the 

1935 data and land use history revealed that habitat conditions were likely already 

degraded by 1935 due to extensive grazing and wildfires (Smith 1993).   

Another approach to analyze historic conditions and processes in the Little Naches basin 

is to use a comparable, unmanaged watershed.  This study used the American River 

(immediately to the south) as a reference of historic conditions and natural processes that 

existed in the area.  Although there are some differences in watershed characteristics, the 

American River is the only comparable watershed that is relatively undisturbed (Tom 

Robison and Ken MacDonald, personal communication).  It has been recognized that no 

watershed comparison is perfect, but using a reference watershed to indicate natural 

conditions is still very useful (Aronson et al. 1995, Brinson and Rheinhardt 1996).  

Therefore, stream surveys were conducted in the American River during 2001 to be used 

as a reference of natural conditions for the Little Naches (Chapter 3).  This information 

can be used as a frame of reference to help direct future restoration and conservation 

activities in the Little Naches watershed.   
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SITE DESCRIPTIONS 

Location and Physiography 

The Little Naches and American River watersheds are located just east and northeast of 

Mt. Rainer National Park (Figure 1).  The Little Naches River drains an area of 385 

square kilometers (USDA Forest Service 1994b).  The headwaters begin at the Cascade 

crest and flow is generally towards the east and southeast.  Elevations in the watershed 

range from over 1900 meters at the Cascade crest to 762 meters near the river’s mouth 

(Table 1).  The total mainstem channel length is 36 kilometers, with approximately 402 

kilometers of streams within the watershed (Scholz 2001).  Sections of the lower 

mainstem are often constrained between basalt slopes and cliffs, but the upper mainstem 

section contains several broad, unconstrained floodplain valleys (Figure 1).  Almost the 

entire Little Naches basin lies within the Wenatchee National Forest, except for a small 

percentage of the upper watershed, which is privately owned by Plum Creek timber 

company (Smith 1993).  89.5 square kilometers of the Crow Creek drainage (23% of the 

Little Naches watershed area), is located within the Norse Peak wilderness area (Scholz 

2001).   

The American River drains an area of 206 square kilometers (USDA Forest Service 

1998).  The headwaters begin at the Cascade crest, bordering Mt. Rainer national park, 

and flow is generally towards the east.  Elevations range from 2000 meters at the Cascade 

crest to about 825 meters at the river’s mouth (Table 1).  The total mainstem channel 

length is 37 kilometers and there are approximately 305 kilometers of streams in the 

basin (Scholz 2001).  The lower mainstem is characterized by steep, incised V-shaped 

valleys, but the middle and upper sections of the watershed have wide, unconstrained 

floodplain segments (Figure 1), similar to the Little Naches.  The American River also 

lies within the Wenatchee National Forest and 92% of the watershed area is within the 

Norse Peak and William O. Douglas wilderness areas.  There are a few private in-

holdings within the basin that only account for 0.3% of the total watershed area (Scholz 

2001).
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Figure 1.  Location of the study area.  The Little Naches and American River watersheds 
are located just east and northeast of Mt. Rainer National Park.  The reaches surveyed 
were in the wide, unconfined floodplain sections of the figure.  Flow is from the left to 
right.  GIS layers provided by the Naches Ranger District, Wenatchee National Forest.   
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Table 1.  Watershed characteristics of the Little Naches and American Rivers.   

Watershed 
Drainage 

Area 
(km2) 

Average 
Annual 

flow (cms) 

Elevation 
Range 

(m) 

Mainstem 
Channel 

Length (km)

Stream Length 
within Watershed 

(km) 
Little Naches 385 7.6 762-1900 36 402 
American 206 6.6 825-2000 37 305 
 

Geology and Geomorphic Landforms 

Little Naches River 

The Little Naches basin is part of the Naches formation of interbedded sandstone and 

basalt, which is a result of the interaction between volcanic and sedimentary processes.  

The most predominant rocks in the basin are volcanic and/or pyroclastics, with secondary 

sedimentary interbed formations.  The interbeds indicate long time periods between lava 

flows when alluvial and sedimentary processes were at work (Campbell 1981).  Tertiary 

rocks of the Columbia basalt group, andesite or rhodacite flows and ash deposition from 

volcanic eruptions are also exposed in portions of the watershed.  A major regional fault 

system, known as the Olympic Wallula Linament (OWL), runs along both the Naches 

and Little Naches Rivers (Campbell 1992), and has had a significant effect on drainage 

patterns within the Little Naches basin (Scholz 2001).  Drainages north of this line are 

oriented on a NE-SW alignment, while drainages south of the line are oriented on an E-W 

alignment (USDA Forest Service 1994b).   

The most prevalent geomorphic landforms of the Little Naches basin are landslides, 

volcanic plateaus and moderately steep volcanic flows (Figure 2).  Although the west and 

north portions of the basin and sections of the mainstem channel were glaciated (Smith 

1993), classic glacial trough landforms are primarily found in the Crow Creek Drainage, 

just north of the American River (Figure 2).  The east and southeast portions of the 

watershed were not glaciated (Smith 1993).  Glaciated mountain slopes are found in 

sections of the mainstem valley and in the tributaries south of the OWL line.  The ridges 

and crestal uplands in the Little Naches watershed contain numerous small glacial 

cirques, tarn lakes and meadow areas (Uebelacker 1980).  
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Figure 2.  Geomorphic landforms of the Little Naches and American River watersheds.  
GIS layers provided by Carl Davis, Wenatchee National Forest, Supervisor’s Office.  
Flow is from the left to right.   
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American River 

The American River watershed in the lower section, is dominated by moderately steep 

volcanic flows (Figure 2) that are made up of pyroclastic and sedimentary deposits of the 

Ohanepecosh and Fife’s Peak formations (Campbell 1992).  Steep, incised V-shaped 

valleys characterize this area.  However, the middle and upper sections of the watershed 

are largely comprised of crystalline granitic bedrock, with some pyroclastic materials.  

Glaciation has played a major role in the landform development of the middle and upper 

sections watershed, as evidenced by several glacial troughs (Figure 2).  The mainstem 

valley (above Hell’s Crossing) displays a classic U-shape typical of glaciated valleys.  

Several of the major tributaries, including Union Creek and the Rainer Fork, were also 

glaciated.  The mainstem American River is fed by several small tributaries, which are 

naturally prone to disturbance and occasional debris flows.  These disturbances and 

debris flows are evidenced by the mid-successional vegetation in many of the small 

tributaries and alluvial fans along the wide, floodplain valley bottom (Figure 1).   

An important difference between the Little Naches and American River watersheds is the 

potential for groundwater flow and subsurface storage.  The Little Naches geology is 

finely textured and probably releases ground water relatively slowly (Scholz 2001).  

Furthermore, thin soils over bedrock along valley sidewalls, allow for rapid surface 

runoff and limited capacity for subsurface storage.  Scholz (2001) observed hyporheic 

upwelling in the wide, alluvial reaches, but potential groundwater influence on 

streamflow and temperature at the watershed scale appeared to be small.  The more 

extensive glaciation in the American River has resulted in coarsely textured and highly 

permeable deposits of glacial till along valley sidewalls, which can provide extensive 

subsurface storage.  These till deposits appear to allow good exchange between surface 

and subsurface flows.  The groundwater/hyporheic flows appear to provide a continuous 

influx of cooler subsurface flows to the mainstem channel (Scholz 2001).   

Despite some differences in underlying geology and the resulting expression of 

geomorphic landforms, both the Little Naches and American Rivers have broad, alluvial 
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floodplain valley segments along the mainstem channel (Figure 2).  A key assumption to 

this study is that despite the previously described differences, the habitat forming 

processes functioning in these wide, alluvial sections will be similar.  For example, lateral 

channel migration and large woody debris (LWD) recruitment are expected to be 

equivalent in both watersheds.  The variables measured in aquatic stream surveys such as 

habitat composition (pool-riffle/side channel), pool cover, pool forming feature, bankfull 

channel dimensions, riparian vegetation, surface particle size, LWD quantity and gravel 

bar surface area are expected to be comparable between streams.   

Hydrology 

Both the Little Naches and American Rivers are primarily snow-melt dominated systems 

with mean maximum monthly streamflow generally occurring in May or June (Figure 3).  

The magnitudes of mean monthly streamflow appear quite similar, except the Little 

Naches tends to precede the American during spring snow-melt, and then drop off to 

summer low flow before the American River (Figure 3).  Average annual precipitation 

appears to be evenly distributed across both watersheds, ranging from 89 cm at the basin 

mouths to 254 cm at the Cascade crest (Figure 4).   

The later snow-melt and summer low flow timing in the American River could possibly 

be explained by slightly higher elevations in the uplands, which may delay the onset of 

snow-melt (USDA Forest Service 1998).  The later decrease to summer low flow could 

also be explained by the observations of Scholz (2001), who reported that the American 

River has much greater subsurface storage and groundwater flow potential than the Little 

Naches, and therefore may retain more water during melt and release it slowly into the 

summer.  This would coincide with observations of individual storm hydrographs for 

both rivers.  For a given storm event, where precipitation is assumed to be equal over 

both watersheds, the hydrographs generally have similar rising limbs and times to peak 

flow, however the falling limb of the American River generally takes longer to return to 

pre-storm flows (Bill Garrigues, personal communication).   
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Figure 3.  Mean monthly streamflow for the Little Naches and American Rivers.  Little 
Naches values are based on 27 years of record (intermittent 1966-75, 1981-2001), data 
provided by Bill Garriques (USFS, Naches District).  American River values are based on 
62 years of record (1940-2001) (USDI Geological Survey 2002, site 12488500).   
 
 
Average annual streamflow in the Little Naches River at the mouth is 7.6 cubic meters 

per second (cms) (Table 1) based on 27 years (intermittent 1966-75, 1981-2001) of 

record (data provided by Bill Garrigues, Naches Ranger District).  The American River 

average annual streamflow is 6.6 cms (Table 1), based on 62 years (1940-2001) of record 

(USDI Geological Survey 2002).  These average annual flows are actually quite close, 

considering the Little Naches watershed has a drainage area 1.8 times larger than the 

American (0.02 cms/km2 vs. 0.03 cms/km2).  The comparable average annual flows 

despite differences in watershed size could partially be explained by the larger subsurface 

and groundwater flow components observed in the American River (Scholz 2001).   
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Figure 4.  Annual precipitation (cm) in the Little Naches and American River watersheds.  
GIS layers provided by the Naches Ranger District, Wenatchee National Forest.   
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A stream gage on the American River has been operated continuously by the USDI 

Geological Survey from 1940 to the present.  A gage has also been operated 

intermittently by the USDI Bureau of Reclamation at the mouth of the Little Naches 

River from 1966-1975 and 1981-2002.  However, the Little Naches data are provisional 

and the record is incomplete.  The monthly flow statistics (Figure 3) should be reliable 

(Bill Garrigues, personal communication), however flood frequency analyses are less 

reliable (Collins 1996) because the stage-discharge relationship for large events is 

unknown.  At the time of this study the 1966-1975 data were not available for peak flow 

analysis (David Henneman, personal communication), but the 1981-2002 values were 

posted on the word wide web (USDI Bureau of Reclamation 2002).  A peak flow analysis 

was attempted using the 1981- 2002 provisional data, but the incomplete record 

confounded meaningful analysis.   

The main purpose of a peak flow analysis for the Little Naches River was to estimate the 

magnitudes of the November 1990 and February 1996 flood events, which were the 

largest flow events within the time frame of this study (1986-2002).  Both floods were 

considered rain on snow events (USDA 1994a and 1998).  Neither stage nor discharge 

values were reported for the 1990 flood, but it was estimated to be in the 25-50 year 

recurrence interval range (USDA Forest Service 1994b).  Using a value of maximum 

stage for the 1996 event and a stage-discharge relationship developed from the highest 

reported flows in the Little Naches River (≤ 53 cms), the 1996 flood was estimated to be 

in the range of 120-138 cms.  The maximum flow reported at the American River gage 

for the 1996 event was 88 cms, which is equal to the reported 25 year return interval for 

the American River (Sumioka 1998).  The published 50 and 100 year floods events based 

on 57 years of record in the American River are 101 and 114 cms (Sumioka 1998).  The 

magnitude of floods in the Little Naches basin are expected to be slightly greater than the 

American due to watershed size and the cumulative effects of land use (Bill Garrigues, 

personal communication).  The estimate of 120-138 cms in the Little Naches is larger 

than both the 50 and 100 year floods in the American, indicating that the 1996 event in 

the Little Naches was likely of 50 year recurrence or greater.  Regardless of recurrence 
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interval, the 1996 flood was the largest flow in either the Little Naches or American 

River basins between 1986 and 2002.   

Hydrologic differences between the two rivers could be influenced by extensive land 

management in the Little Naches basin (Wissmar et al. 1994).  Since the gage data for the 

Little Naches River are provisional and incomplete, empirical studies are not available to 

indicate the degree to which hydrologic processes have been altered by management in 

the Little Naches watershed (Collins 1996).  Watershed modeling efforts in the Little 

Naches basin indicate that current forest harvesting levels should only increase peak 

spring streamflow by approximately 3%, over the entire basin.  However, increases in 

peak spring streamflow of near 30% would be expected in a maximum harvest scenario 

(Storck et al. 1998).   

Although hydrologic alteration has not been empirically documented in the Little Naches 

watershed, the results of other regional studies clearly show the effects of cumulative 

land management.  It is widely accepted that timber harvest increases annual water yield 

(Bosch and Hewlett 1982, Stednick 1995).  The magnitude of increase and relaxation 

time to background conditions depends on climate and amount of vegetation removed, 

but the trend is clear (Stednick 1995).  The effects of timber harvest and associated road 

building on the magnitude and frequency of peak flows are less clear.  Increased annual 

water yields do not necessarily translate into increased peak flows.  In the Pacific 

Northwest, several studies have shown increases in peak flows following clearcut logging 

(Hewlett and Helvey 1970, Harr et al. 1975, Jones and Grant 1996, Burton 1997).  The 

clearest examples of this are in small, upland watersheds where a significant area of the 

watershed was logged at one time (Adams and Ringer 1994).  However, other studies 

indicate no significant relationship between peak discharge and timber harvest (Duncan 

1986, Harr and McCorison 1979, Harr et al. 1982).  Even so, the data from Jones and 

Grant (1996) clearly showed an increase in high frequency events (<1.1 return interval), 

such as the bankfull flow or the effective discharge.  Several empirical studies have also 

reported that clearcut logging increases water output during rain-on-snow peak flow 
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events (Harr 1986, Coffin and Harr 1992, Storck et al. 1999).  However, it is important to 

consider that during very large, infrequent events, forest vegetation and soils may become 

overwhelmed with water input, regardless of the harvest history or antecedent conditions 

(Storck 2000).   

Vegetation 

The comparable elevation ranges (Table 1) and precipitation patterns (Figure 4) of the 

Little Naches and American River watersheds also result in similar patterns of vegetation.  

The lowest elevations are the driest and are dominated by ponderosa pine (Pinus 

ponderosa) and lodgepole pine (Pinus contorta latifolia), with some Douglas fir 

(Pseudotsuga menziesii).  Fire suppression in the Little Naches basin over the last 100 

years is thought to have increased the occurrence of Douglas fir and Grand fir (Abies 

grandis) in these low elevation areas (Smith 1993).  As elevation and annual precipitation 

increase, species composition shifts from Grand and Douglas fir to Western hemlock 

(Tsuga heterophylla), Pacific silver fir (Abies amabilis), Mountain hemlock (Tsuga 

mertensiana) and Sub-alpine fir (Abies lasiocarpa).  Whitepark pine (Pinus albicaulis) 

and Subalpine larch (Larix lyalli) are also present in the higher elevations (Lillybridge et 

al. 1995).  The crestal uplands are characteristically sub-alpine with many grassy parks, 

and balds with Sub-alpine fir.  The slightly higher elevations of the American River 

uplands and ridges are reflected in the amount of alpine terrain near the Cascade crest 

(Figure 1).   

Fisheries 

Since there are no natural or artificial barriers between the Little Naches and American 

Rivers, the compositions of both resident and anadromous salmonids are essentially the 

same (USDA Forest Service 1994b and 1998).  Fisheries are often characterized at the 

Naches River watershed scale, a tributary to the Yakima River.  All species of salmonids 

present in the Naches River are also present in the American and Little Naches Rivers.  

The anadromous fish that utilize the Naches River and its tributaries must travel over 500 
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miles (Kramer 1957), and pass a series of 8 dams and numerous diversions (Wissmar et 

al. 1994).   

The Wenatchee National Forest has identified the Naches River as a significant 

watershed for native spring Chinook salmon (Oncorhynchus tshawytscha) (Figure 5), 

steelhead (O. mykiss) and bull trout (Salvelinus confluentus) (USDA Forest Service 

2000a).  Other salmonid species inhabiting the Naches watershed include native cutthroat 

trout (O. clarki) and introduced brook (S. fontinalus) and rainbow trout (O. mykiss).  

Historically fall Chinook and coho (Oncorhynchus kisutch) were also present.  Hatchery 

coho have now been re-introduced into both the Naches and Little Naches Rivers.  

Hatchery plants of steelhead were also made in the Little Naches and Crow Creek 

watersheds during the early 1980s (USDA Forest Service 1994b), but survival was 

generally very poor (Smith 1993). Other non-game species that reside in the Naches basin 

include sculpin (Cottus spp.), dace (Rhinichthys spp.), lamprey (Lampetra spp.), suckers 

(Catostomidae) and whitefish (Prosopium williamsoni) (Ferrell 1997, USDA Forest 

Service 1998).   

The steelhead in the Naches system are considered part of the Mid-Columbia 

evolutionarily significant unit (ESU) by the National Marine Fisheries Service and are 

listed as threatened under the Endangered Species Act (USDA Forest Service 2000a).  

Due to the escapement numbers kept from 1990 to 1997, the summer steelhead in the 

Naches watershed are considered to be functioning at unacceptable risk relative to 

subpopulation size (USDA Forest Service 2000).   

Fluvial (river dwelling and spawning) and isolated adfluvial (lake dwelling, river 

spawning) populations of bull trout are also found in the Naches watershed.  These 

populations of bull trout are included in the Columbia River distinct population segment, 

which is listed as threatened under the Endangered Species Act.  The Wenatchee National 

Forest rates the bull trout population within the Naches watershed as functioning at 

unacceptable risk (USDA Forest Service 2000a).
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Figure 5.  (A) A completed Chinook redd in the American River.  (B-C) Spawning 
Chinook salmon in the American River.   
 
 
In addition to these critical populations of steelhead and bull trout, the Naches watershed 

also provides important habitat for spring Chinook salmon (Figure 5).  The upper Naches 

basin provides important rearing habitat for Chinook fry.  Fast et al. (1991) estimated that 

37% of the total Yakima River Chinook fry reside in the upper Naches River during the 

summer and 29% during the fall.  However, in winter they tend to migrate downstream 

indicating inadequate winter cover (Chapman and Bjornn 1969).  At present, the spring 

Chinook salmon in the Naches watershed are not listed under the Endangered Species 

Act.   

(A) 
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 17

Land Use History 

A critical difference between the Little Naches and American River watersheds is land 

use history.  The Little Naches basin has experienced an extensive land use history 

including livestock grazing, timber harvest (high road density), and recreation. (Smith 

1993, Wissmar et al. 1994).  Intensive grazing occurred from 1880-1930, along with 

several very hot wildfires.  Cattle and sheep drives were conducted along the Naches Pass 

road. The last cattle drive was in 1885, but sheep drives continued into the 1930s.  

Conflicts with recreational and timber interests as well as degraded range conditions led 

to many allotments being completely abandoned or drastically reduced in number by 

1950 (Smith 1993).   

A unique aspect of the Little Naches land use history is the relatively late entry of large 

scale timber harvest compared to areas on the west side of the Cascade range.  Prior to 

the late 1950s, harvest was limited to extracting large trees from the lower valley bottoms 

and adjacent slopes.  Between 1963 and 1975, 17% of the harvestable area was taken by 

partial cutting.  In 1975 the first clear-cut sales were made in the lower basin and from 

1975-1985 harvest extended throughout the basin.  By 1985, about 26% of the 

harvestable area had been taken, 32% by 1990 and 35% by 1992.  Figure 6A depicts 

clear-cut patches in the upper basin harvested in the 1980s.  Figure 1 also reflects the 

harvest history of the Little Naches basin by vegetation successional stage.  Since 1992 

harvest has been relatively minor due to the Northwest Forest Plan and Aquatic 

Conservation Strategy (USDA Forest Service 1994a).   

Trends in road building reflect the amount of harvest over time.  The most intense period 

of road building activity occurred during the 1980s.  Approximately 46% of the 417 

kilometers of road built by 1994, were constructed during the 1980s.  The majority of the 

remaining 54% were built between 1962 and 1980 (USDA Forest Service 1994b).  

Before 1962, approximately 32-48 kilometers of road were present (Smith 1993).  Road 

densities and road lengths as of 1994 are listed in Table 2.   
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Table 2.  Drainage area (km2), total kilometers of roads, and road density (km/km2) of 
sub-watersheds in the Little Naches and American River drainages (USDA Forest 
Service 1994b and 1998).   

Watershed Drainage Area 
(km2) 

Road Length 
(km) 

Road Density 
(km/km2)  

North/Middle Fork 67.5 117.1 1.73 
Bear 31.0 44.6 1.44 
Mathew/Pileup 30.8 23.9 0.78 
South Fork 39.3 45.8 1.16 
L Naches Mainstem 69.6 77.5 1.11 
Quartz 41.7 51.3 1.23 
Lower Crow 32.6 56.8 1.74 
Upper Crow* 72.6 0.0 0.00 
Total Little Naches 385.2 417.0 1.08 
    
Upper American 68.8 16.5 0.24 
Union 29.2 0.1 0.00 
Timber-Kettle 23.2 0.1 0.00 
American Mainstem 63.3 25.1 0.40 
Lower American 21.0 13.5 0.64 
Total American 205.6 55.3 0.27 
* Upper Crow Creek is in the Norse Peak wilderness area.   
 
 
 
 

     
Figure 6.  Two examples of land use in the Little Naches watershed:  (A) logging in the 
upper basin and (B) off-road vehicle recreation.  Photos taken during the summer of 
2001.   
 

(A) (B) 
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Recreational activity is commonplace in the Little Naches basin.  The high road density 

creates excellent access to most of the watershed, but the majority of use is concentrated 

along the mainstem channel.  In the 1950s, off highway vehicle (OHV) recreation 

became very popular and continues to be one of the main recreation uses today.  OHV 

and motorcycle trails run throughout the watershed (Figure 6B) and are not included in 

the road density calculations (Table 2).  For a complete timeline of the land use history in 

the Little Naches watershed see Smith (1993), Appendix A.   

In contrast, the American River basin has had a relatively benign land use history 

compared to the Little Naches.  With the exception of the State Highway 410 corridor, 

the entire American River watershed lies within designated wilderness (92%).  The Norse 

Peak and William O. Douglas wilderness areas are directly north and south of the 

highway corridor.  The main management activities in the basin include State Highway 

410, four developed campgrounds and six summer home tracts under permit to the Forest 

Service.  Although these management activities have occurred along the river corridor, 

the effects on the stream channel have been minimal (USDA Forest Service 1992), 

particularly in the response reaches of interest.  In the reaches surveyed for this study, 

highway 410 was fortuitously positioned on the hillside, out of the active floodplain, 

allowing natural processes to function.  Road densities in the American River are a result 

of State Highway 410, and are highest in the lower basin (Table 2).  Historic impacts in 

the American River are not well known, but are assumed to be minor.   

The American River is eligible for inclusion into the Wild and Scenic River system.  The 

section from the confluence with the Bumping River up to the Rainer fork meets the 

standards for classification as a Scenic river.  The section from the confluence with the 

Rainer fork up to the headwaters meets the standards for classification as a Wild river 

(USDA Forest service 1992).  
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Reach Overviews 

The stream surveys conducted in 2001 are unique compared to previous surveys.  Instead 

of surveying the entire stream channel from mouth to headwaters, only select response 

reaches were surveyed.  The hydrologic cross-section surveys of 1994 and 1996 also 

surveyed response reaches, and those same reaches were re-surveyed in 2001.  Response 

reaches were identified as wide, unconfined reaches in alluvial valley bottoms with 

connection to a floodplain.  These reaches would be classified as meandering C channels 

in the Rosgen system (1994), or pool-riffle, forced pool-riffle channels in the 

Montgomery and Buffington classification scheme (1993 and 1997).  Response reaches 

generally exhibit significant and prolonged response to changes in sediment supply, 

LWD supply and discharge (Montgomery and Buffington 1997).  These response reaches 

have also been identified as key areas for biological productivity, particularly for 

salmonid production (Ward and Stanford 1995, Stanford et al. 1996, Montgomery et al. 

1999, Ward et al. 1999, Stanford et al. 2002).  It is assumed that response reaches will 

best reflect changes in watershed conditions that come about as a result of natural 

processes and/or land management activities and restoration efforts. 

In the Little Naches River, reaches L1, L4, L7 and L8 were determined to be response 

reaches.  The confined reaches (L2, L3, L5 and L6) are considered to have less of a 

physical response to changes in watershed conditions (Smith 1993).  It should be noted 

that the Little Naches reach L3 was classified as unconfined in 1990 (Smith 1993), but 

was not considered a response reach in 2001 because of confinement by basalt cliffs and 

the 1900 road prism (Bill Garrigues, personal communication).   

In the American River reaches A3, A5 and A6 were determined to be response reaches.  

Reaches A3 and A5 were prioritized as the most naturally functioning and best references 

for the Little Naches.  Reach A1 was also surveyed in 2001, but was not included in this 

study because of confinement by Highway 410, large particle size and complete lack of 

pool habitat.   
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The following discussion gives a brief introduction to the response reaches of the Little 

Naches and American Rivers, along with a 1986 aerial photo to illustrate the geomorphic 

character and land use history of the reach.  Unfortunately, more recent aerial photos 

were not available.  Table 3 lists specific attributes of the response reaches.  Drainage 

areas are taken from the watershed analyses done in 1994 for the Little Naches and 1998 

for the American (USDA Forest Service 1994b and 1998).  Abney hand level 

measurements were taken during the 2001 stream surveys and total station measurements 

were taken during the 2001 cross-section re-surveys (Table 3).    

Table 3.  Attributes of the Little Naches and American River response reaches.   
Average 2001 Field 

Gradient (%) Reach 
Drainage 

Area 
(km2) 

2001 
Length 
(km) Abney Level Total Station 

Elevation 
Range (m) 

Little Naches 1 (L1) 385 0.6 1.5 - 768-771 
Little Naches 4 (L4) 280 2.1 2.5 1.10 823-847 
Little Naches 7 (L7) 152 3.8 1.5 0.64 914-939 
Little Naches 8 (L8) 104 6.2 1.4 1.04 939-991 
American 3 (A3) 185 11.7 1.3 - 951-1048 
American 5 (A5) 69 3.2 1.3 - 1076-1094 
- Not surveyed with the total station.   
 
 
Little Naches Reach L1 

This reach begins at the confluence of the Little Naches and Bumping rivers and 

continues upstream to the Hwy 410 bridge (Figure 7).  The reach is relatively short (0.6 

km in 2001) compared to other response reaches.  The elevation range interpreted from 

USGS 7.5 minute quad maps was 768-771 m, with an average field gradient (Abney level 

measurement) of 1.5%.  Reach L1 drains the entire Little Naches watershed area of 385 

square kilometers (Table 3).  Highway 410 confines the channel on a section of the left 

bank, preventing channel migration (Figure 7).   
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Figure 7.  1986 aerial photograph of the Little Naches River, reach L1.  Reach L1 extends 
from the confluence with the Bumping river upstream to the Highway 410 bridge.  Black 
arrows mark reach breaks.  Scale is approximately 0.6 river km between arrows.  Flow is 
from the top to bottom of the photo.   
 
 
Little Naches Reach L4 

Reach L4 begins at the confluence with Crow Creek and continues up to the 1900 road 

bridge, just below Longmire meadow (Figure 8).  In 2001 the total reach length was 2.1 

kilometers and the average gradients from Abney level and total station measurements 

were 2.5 and 1.10%, respectively.  The total station value is considered more precise than 

the Abney hand level.  The elevation range interpreted from USGS 7.5 minute quad maps 

was 823-847 m.  Reach L4 has a drainage area of 280 square kilometers (Table 3).   

Reach L4 has had a unique disturbance history.  Flooding in 1976 and 1979 deposited 

large accumulations of LWD and sediment in reach L4.  In subsequent years reach L4 

was dredged and cleaned of LWD as part a flood rehabilitation plan (USDA Forest 

Service 1994b).  LWD was either salvaged or piled on the gravel bars and burned.  The  

 
 N 
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Figure 8.  1986 aerial photograph of the Little Naches River, reach L4.  Reach L4 begins 
at the confluence with Crow Creek and continues to the uppermost bridge shown in the 
photo.  Black arrows mark reach breaks.  Scale is approximately 2.1 river km between 
arrows.  Flow is from the left to right side of photo.  An excavated gravel pit called “duck 
pond” is visible in right center of the photo.  The 1900 road bisects the floodplain in 
reach L4.   
 
 
dikes that resulted from dredging activities were present and confining the channel in 

2001 and 2002 (Figure 9).  Reach L4 is also confined on the left bank by the 1900 road, 

which actually bisects the floodplain (Figure 8), substantially reducing the belt width and 

potential for natural channel migration.  Anecdotal evidence from Naches District 

personnel indicate that in the 1950s, reach L4 was a meandering pool-riffle or forced 

pool-riffle channel with several LWD complexes and deep pools (Sam Bissell, personal 

communication).   

N
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Figure 9.  Downstream view of a section in reach L4 that was dredged during the late 
1970s.  What was once likely a pool-riffle or forced pool-riffle channel has been 
converted to a plane-bed channel in this section.   
 
 
Little Naches Reach L7 

Reach L7 begins upstream of a sharp bend in the river where the channel is confined by 

steep basalt cliffs, and continues upstream to the confluence with the South Fork Little 

Naches (Figure 10).  In 2001, the total reach length was 3.8 kilometers and the average 

gradients from Abney level and total station measurements were 1.5 and 0.64 percent, 

respectively.  The total station value is considered more precise than the Abney hand 

level.  The elevation range interpreted from USGS 7.5 minute quad maps was 914-939 m.  

Reach L7 has a contributing drainage area of 152 square kilometers (Table 3).  The lower 

section of reach L7 is largely free from immediate management impacts and is able to 

operate in a wide floodplain.  However, there are two bridges in the upper half of the 

reach where the 1900 road crosses the river.  Timber harvest and skid trails are evident on 

the surrounding slopes (Figure 10). 
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Figure 10.  1986 aerial photograph of the Little Naches River, reach L7.  Reach L7 
begins upstream of a sharp bend in the river where the channel is confined by steep basalt 
cliffs, and continues upstream to the confluence with the South Fork Little Naches.  
Black arrows mark reach breaks.  Scale is approximately 3.8 river km between arrows.  
Flow is from the upper left to the lower right.   
 
 
Little Naches Reach L8 

Reach L8 begins at the confluence with the South Fork Little Naches and continues 

upstream to the confluence of the Middle and North Forks, just upstream of the 1913 road 

bridge (Figure 11).  In 2001 the total reach length was 6.2 kilometers, which is the 

longest of all Little Naches response reaches.  The average gradients from Abney level 

and total station measurements were 1.4 and 1.04, respectively.  The total station value is 

considered more precise than the Abney hand level.  The elevation range interpreted from 

USGS 7.5 minute quad maps was 939-991 m.  Reach L8 has a contributing drainage area 

of 104 square kilometers (Table 3).    

N
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Figure 11.  1986 aerial photograph of the Little Naches River, reach L8.  (A) Shows 
approximately 4.0 river km of reach L8, with the 1900 road crossing the floodplain.  
Flow is from the left to right.  (B) Shows a blown up view of the lower right section in A.  
The white arrows mark the same location in both photos, where a 1996 channel avulsion 
occurred.  The black arrow marks the start of reach L8.  

(A)

(B)

 
 N 

 
 N 
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A 1986 aerial photo of the lower half of the reach depicts the wide, unconfined character 

of reach L8 (Figure 11).  However, in this same section, the 1900 road is still situated in 

the active floodplain.  As of 2002, there was one section of road threatened by further 

channel migration.  This is a result of a channel avulsion that took place during the 1996 

flood event.  The main channel now flows in a former side channel (Figure 11).  In the 

upper half of Reach L8, the 1900 road is situated on a terrace, out of the active 

floodplain.  Although there is a bridge in the middle and at the very end of reach L8, the 

river generally has good access to the floodplain and potential for channel migration 

(Figure 11).   

American River Reach A3 

Reach A3 begins at Hell’s Crossing bridge and continues upstream to the Highway 410 

bridge just upstream of Union Creek.  The total reach length was 11.7 kilometers in 2001, 

80% of the stream length surveyed in the American River.  The average field gradient 

from Abney level measurements was 1.3% and the elevation range interpreted from 

USGS 7.5 minute quad maps was 951-1048 m.  Reach A3 has a contributing drainage 

area of 185 square kilometers (Table 3).  Highway 410 is situated on the hillslope, and is 

not in the active floodplain, allowing natural channel migration processes to occur.  The 

highway and river only come in close contact at a few points where the river is adjacent 

to the toe of slope (Figure 12).   

American River Reach A5 

Reach A5 begins at the bridge just upstream of Lodgepole campground and continues 

upstream to the confluence with Morse Creek (Figure 13).  The total reach length was 3.2 

kilometers in 2001, 20% of the stream length surveyed in the American River.  The 

average field gradient from Abney level measurements was 1.3% and the elevation range 

interpreted from USGS 7.5 minute quad maps was 1076-1094 m.  Reach A5 has a 

contributing drainage area of 69 square kilometers (Table 3).  Highway 410 is situated on 

the hillslope, and is out of the active floodplain (Figure 13).   
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Figure 12.  1986 aerial photograph of the American River, reach A3.  Highway 410 is 
situated on the hillslope, out of the active floodplain.  Flow is from the left to right.  
Approximately 4.5 river km shown.   
 

 
Figure 13.  1986 aerial photograph of the American River, reach A5.  Highway 410 is 
situated on the hillslope out of the active floodplain.  Flow is from the left to right.  Black 
arrows mark reach breaks.  Scale is approximately 3.2 river km between arrows. 

 
 N 

 
 N 
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HISTORIC SURVEYS  

In 1935-36 the former Bureau of Fisheries (BOF) conducted stream surveys in the 

interior Columbia River basin, including the Little Naches and American Rivers.  A 

detailed discussion of the methods used in the 1935-36 surveys is available in Rich 

(1948), and the initial results of that survey can be found in Bryant and Parkhurst (1945).  

In 1990-1992, stream surveys were again conducted throughout the Columbia River 

basin, and the results were then compared to the historic BOF surveys (McIntosh et al. 

1994a, 1994b and 2000).  For a more detailed comparison of stream and riparian 

characteristics between 1935 and 1990 in the Little Naches basin see Smith (1993).  An 

additional historic survey was also conducted on the American River in 1957 by the 

Washington State Department of Fisheries (Kramer 1957).  A summary of the main 

findings from these historic analyses is presented here, for both the Little Naches and 

American Rivers. 

Little Naches River:  1935 - 1990 

Historical habitat analyses in the Columbia River basin have reported that many streams 

were already degraded from past land management practices (e.g., timber harvest splash 

dams, stream channelization, livestock grazing, and mining) before the 1930s (McIntosh 

et al. 1994a, 1994b and 2000), including the Little Naches system (Smith 1993).  Smith 

reported that habitat conditions in the Little Naches were likely already degraded by 1935 

due to the cumulative impact from 80 years of grazing and the occurrence of several large 

fires.   

Over the next 27 years (1935-1962), aerial photograph analysis indicated that the 

watershed began to recover through re-growth of riparian vegetation and channel 

stabilization.  However, timber harvest, road building and other cumulative effects 

reversed the pattern from 1962-1990, when stream habitat abundance, diversity and 

quality along with riparian vegetation were reported to degrade (Smith 1993). These 

cyclical patterns observed in the Little Naches watershed between 1935 and 1990 were 
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used to hypothesize that habitat recovery could once again be initiated if management 

activities were curtailed and/or modified (Smith 1993).   

Overall, for the entire time period between 1935 and 1990 Smith (1993) reported an 

increase in pool frequency per km and percent pools by count.  Percent of pools by 

surface area was not available from the 1935 survey.  Smith suggested three possible 

explanations for the observed pool changes:  1) channel confinement factors, 2) discharge 

characteristics between survey years and 3) definitions and methods of identifying pool 

habitat units.  Channel confinement from road construction increased between 1935 and 

1990, yet this would be expected to limit (not increase) pool formation.  Discharge was 

similar in the first 5 reaches of the Little Naches in 1935 and 1990.  However, in reaches 

L6-L8 (which were actually surveyed the following year in 1936), flows were 2-5 times 

greater in 1936 than 1990 (Smith 1993).  This could have resulted in an overestimation of 

pools in 1990, since pools are more clearly identified at low flows (Beechie and Sibley 

1991).  Finally, there were some major differences in survey protocol between 1935 and 

1990.  One limitation of the 1935 surveys was that all habitat lengths were paced and/or 

visually estimated.  Widths and depths were only measured at “stations” which correlated 

to reach breaks, and were usually several miles apart (Rich 1948).  The 1990 protocol 

used in the Little Naches was based on the Hankin and Reeves (1988) methodology, 

except all habitat dimensions were measured, not estimated (Smith 1993).  With these 

differences in mind, caution is warranted when considering the 1935-1990 pool 

frequency results. 

Regardless of the comparison issues between the 1935 and 1990 surveys, Smith (1993) 

also recognized that the count of pools may not be the best indicator of habitat variability 

and/or complexity.  Although pool numbers appeared to increase slightly over time, other 

habitat and channel characteristics critical to high quality spawning and rearing habitats 

appeared to degrade between 1935 and 1990.  Off channel habitat, channel complexity, 

riparian cover, and spawning sized gravels were all reported to decrease, coupled with an 

increase in fine sediments and embeddedness of the larger substrates (Smith 1993).   
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American River:  1935 – 1992, 1957 

1935 - 1992 

Large pools per km was the only metric used to evaluate change in the American River 

between 1935 and 1992.  Substrate data were not collected in 1935.  Throughout the 

Yakima basin, the frequency of large pools (≥20 m2 and 0.9 m in depth) per km was 

reported to increase in both managed and unmanaged areas, with the increases being 

twice as great in unmanaged basins (McIntosh et al. 1994b).  The American River was 

the only stream in the Yakima basin that showed a decline in large pool frequency, 

decreasing from 3.3 large pools/km in 1935 to 2.4 large pools/km in 1992.  However, this 

amount of change could easily be within the range of survey error or natural variability.  

Smith (1993) also indicated that the simple measure of large pools/km may not be the 

best indicator of habitat variability and/or complexity.  These estimates of pool frequency 

include all reaches of the American River and therefore can’t be compared to a value in 

2001, when only response reaches were surveyed.   

The American River was classified as a “managed basin” for the 1935-1992 comparisons 

(McIntosh et al 1994a).  The basis for this grouping was mainly State Highway 410, 

which parallels the river in the lower section of the watershed where the river is 

constrained by both the road and narrow V-canyon shape.  However, as discussed 

previously in the land use history section, Highway 410 has had little effect on the 

upstream response reaches.  The 1935-1992 results in the McIntosh papers include 18 

miles of the American River, which incorporates the lower constrained section below 

Hell’s crossing.  This lower section was purposefully not surveyed in 2001.   

As mentioned previously, a major limitation of the 1935 surveys is that all habitat lengths 

were paced and/or visually estimated and widths/depths were only measured at certain 

“stations”.  The 1935 survey of the American River took only 2 days (July 28-29) to 

cover 18 miles (Bryant and Parkhurst 1945).  The quickness of survey and lack of 
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measurements introduces an unknown amount of error into the 1935 values.  Caution is 

warranted when comparing the 1935 results to surveys conducted in 1990-1992.   

Regardless of survey error issues, the original report of the 1935 data stated that that the 

American River had “excellent spawning riffles, with the middle and upper sections 

being of the highest value” (Bryant and Parkhurst 1945).  This description likely 

corresponds with the areas above Hell’s crossing, which were the response reaches in 

2001.  Also, this statement indicates that the American River offered good quality habitat 

during the 1935 surveys.   

1957 

The 1957 survey by the Washington State Department of Fisheries offers some 

interesting insight into the geomorphic character of the American River.  Dynamic 

physical processes and high quality habitat for both spawning and rearing purposes were 

quite evident.  Although painted in a negative light at the time, these characteristics were 

described quite clearly in the 1957 report: 

“Many of the toppled trees have fallen across the stream and constitute a barrier to fish 

passage.  Partially blocked stream areas force the current against the low banks causing 

erosion of soil and vegetation.  As more trees are uprooted and deposited in the stream, 

the channel becomes dammed up forcing the water to seek another course.  As a result 

numerous side channels have formed and stream flow is divided.” (Kramer 1957, pg 3)   

Log jams, windfall and associated side channels were commonly mentioned in the report, 

particularly in the wide, unconfined sections that were used as reference reaches in 2001.  

In 1957 the following stream “improvement work” was proposed:   

“Removal of log jams, debris, and windfalls along approximately ten miles of stream 

area.  In the same area, stream flow should be concentrated into the main channels to 

provide a better water depth to pass fish upstream.” (Kramer 1957, pg 15).   
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It is interesting to note how dramatically perceptions in stream restoration have changed 

since that time period.  The characteristics that were thought of as detrimental in 1957, 

were used in 2001 as evidence for a dynamic and healthy river ecosystem.  The 10 miles 

where the stream cleaning was proposed corresponds to reaches 3 and 5 in the 1992 and 

2001 surveys.  Fortunately, the proposed stream cleaning did not go through and the 

dynamic processes of the American River were preserved.  The report also recognized 

that “extensive expenditures at one end of the point of migration are not justified if 

serious problems exist in the downstream areas” (Kramer 1957, pg 15).   

STUDY OBJECTIVES 

In summary, the Little Naches watershed has been a high priority for restoration because 

of the depressed state of salmonid populations (USDA Forest Service 2000a) and 

degraded habitat conditions due to extensive land management practices (Wissmar et al. 

1994).  Smith (1993) observed that habitat and riparian recovery was cyclical between 

1935 and 1990, and hypothesized that recovery could once again be initiated if 

management activities were curtailed and/or modified (Smith 1993).  Immediately prior 

to and since that time, a variety of in-stream, riparian and road restoration work has been 

carried out in the basin.  Also, many landscape-scale policy changes have taken place.  

The Northwest Forest Plan was implemented, the Aquatic Conservation Strategy began 

and restoration took on a watershed perspective.  The overall purpose of this study was to 

evaluate restoration projects (1986-2002), habitat variability (1990-2001) and channel 

changes (1994-2001) in the Little Naches watershed, in light of changing land 

management practices and active restoration work in the basin.  Since habitat conditions 

were likely already degraded by 1935, the American River was used as a reference of 

natural conditions and processes that existed historically in the area.  Specifically, the 

objectives of this study were to:  

1) Evaluate the physical durability and effectiveness of in-stream, riparian and road 

restoration techniques used in the Little Naches watershed between 1986 and 

2002. 
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2) Quantify the abundance and distribution of salmonid habitat in response reaches 

of the Little Naches and American Rivers in 2001.   

3) Use the American River response reaches as a potential reference of habitat 

conditions and natural processes that existed historically in the Little Naches 

basin. 

4) Evaluate changes in the abundance and distribution of salmonid habitat in 

response reaches of the Little Naches River between 1990 and 2001. 

5) Evaluate channel changes in response reaches of the Little Naches River between 

1994 and 2001.  
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CHAPTER 2.  PHYSICAL DURABILITY AND EFFECTIVENESS OF 

RESTORATION TECHNIQUES 

INTRODUCTION 

As discussed in chapter one, the Little Naches watershed has been a high priority for 

restoration because of the depressed state of salmonid populations (USDA Forest Service 

2000a) and degraded habitat conditions due to extensive land management practices 

(Wissmar et al.  1994).  Since 1986, a variety of restoration work has been completed in 

the Little Naches basin in the following three areas:  1) in-stream, 2) riparian and 3) 

roads/trails.  This chapter addresses the first main objective listed in chapter one, which 

was broken into two separate parts:   

1. Determine the physical durability or survival rate of in-stream structures 

placed in the Little Naches basin between 1986 and 2002.   

2. Evaluate the effectiveness of road and trail restoration work carried out 

between the late 1980s and 2000, by using McNeil gravel sample data.   

BACKGROUND OF RESTORATION WORK 

In-stream 

In-stream restoration work was one of the first waves of active restoration on the 

Wenatchee National Forest, and was largely experimental in nature.  It was generally 

thought that if structures did not provide habitat in place, they would provide habitat 

elsewhere (Scott Hoefer, personal communication).  In the Little Naches watershed, the 

majority of this in-channel work focused on reach L4 because of the intense disturbance 

history (road confinement, dredging and LWD removal).  The in-stream work began in 

1986, when the salmon falls fish ladder was installed at the upper end of reach L4, with 

the intent of increasing upstream usage of habitat and spawning areas.  In 1986-87 a 

series of log v-weirs, single log weirs, and rock u-weirs were installed.  The intent of 

these structures was to create and diversify habitat in a heavily impacted and simplified 
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reach.  Large boulders called “passage rocks” were introduced at this same time, with the 

intent of creating pocket pool habitat and diversity in a wide, shallow stretch near Crow 

Creek campground.  A series of turning rocks was also installed during 1986-87, whose 

intent was not habitat related, but to deflect and re-direct flow away from the 1900 road.  

Two off-channel habitat areas including a pond and side channel were also constructed in 

reach L4.  In 1987 an off channel pond was excavated and connected to the main channel.  

In 1992 a side channel approximately 200 m long was excavated and connected to the 

main channel at the downstream, but not the upstream end. 

In the vicinity of reach L4 (within 600 m), in-stream work was also done in Quartz and 

Crow Creeks.  A rock u-weir was installed in Quartz Creek during 1992.  In 1991 and 

1992, LWD and root wads were cabled along the banks of a 600 meter section of Crow 

Creek, beginning at the confluence with the Little Naches River.  The purpose of the 

cabled LWD was to provide habitat and refugia for salmonids at a range of high and low 

flow conditions (Sam Bissell, personal communication).   

Outside of the reach L4 area, work was also done in the North Fork Little Naches (above 

reach L8) and in the lower mainstem (reaches L2 and L3).  In 1991, LWD was cabled 

along the channel margins of a 200 m stretch in the North Fork Little Naches, just above 

the end of reach L8.  In reaches L2 and L3, during the year 2000, approximately 25% of 

the left bank was improved by replacing rip-rap or concrete with LWD and rock barbs 

(Scott Hoefer, personal communication).  The main purpose of the rock barbs and LWD 

in reaches L2 and L3 was not flow deflection, but mainly to create backwater pool 

habitat, promote sediment deposition and enable vegetation growth.  

Riparian 

The first riparian restoration work was done in conjunction with the in-stream work 

completed during 1986 and 1987 (reach L4).  Floodplain collector logs were cabled 

throughout a large gravel bar that was left devoid of vegetation after the 1970s dredging 

activities.  The intent of these logs was to create areas of fine sediment deposition on the 
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floodplain, and to encourage the re-establishment of riparian plants.  Also, between 1995 

and 1998 approximately six acres of riparian habitat were restored and re-planted with 

native species along the mainstem Little Naches.  During that same time frame, ten 

dispersed recreation sites were moved away from the stream and replaced with bank 

stabilization structures.  (Scott Hoefer, personal communication).   

Roads and Trails 

Beginning in the late 1980s and throughout the 1990s, Plum Creek carried out road and 

hillslope restoration projects on the private lands in the upper basin (Jeff Light, personal 

communication).  The majority of restoration on Plum Creek land happened from the late 

1980s to the mid 1990s.  All known problem areas were addressed and old roads brought 

up to current Best Management Practice (BMP) specifications by the year 2000.  Any 

new roads built in the 1990s were constructed according to current BMP specifications.  

No new road restoration measures were scheduled on Plum Creek lands as of 2002 (Jeff 

Light, personal communication).   

In the early and mid 1990s, the Forest Service also carried out an extensive road 

restoration program on public lands throughout the watershed.  Naches district personnel 

estimate that approximately 75% of the known problem areas have been addressed or 

improved, which translates to about 15 to 20% of the road network (Bill Garrigues, 

personal communication).  In addition, 90% of the known problem areas associated with 

off-highway vehicle (OHV) trails, particularly stream crossings, were addressed by 2002 

(Sam Bissell, personal communication).   

Road restoration in the Little Naches basin has generally included three activities:  1) 

drainage improvement, 2) closure/abandonment and 3) stream crossing improvement.  

Road drainage has been improved by diverting several miles of ditches lining the roads 

onto hillslopes, instead of allowing them to drain into nearest channel.  The intent of 

these diversions was to restore the processes of hillslope hydrology.  In some cases 

chronic problem roads and trails have been closed and/or abandoned.  Between 1997-
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2000 nearly 12 miles of roads and trails were improved in the Little Naches watershed, 

especially at tributary stream crossings (Scott Hoefer, personal communication).  Road 

and off highway vehicle (OHV) stream crossings have been improved by replacing 

culverts with bridges and/or other erosion control measures, such as ground matting or 

riparian plantings (Sam Bissell, personal communication).  The intent of these road and 

trail restoration projects has been to decrease the delivery of fine sediments and road-

related mass-wasting to the tributaries and mainstem channel of the Little Naches River.   

METHODS 

In the summer of 2002 a simple walk-through survey was conducted of all in-stream and 

riparian habitat restoration work done in the mainstem Little Naches reaches, Quartz 

Creek, Crow Creek and the North Fork of the Little Naches.  Surveys were conducted 

with Naches district personnel who were familiar with the restoration structures and their 

intended design objectives.  Physical durability or survival rate was determined by the 

percent of structures still functioning as intended in 2002.  There were several structures 

that were largely in place, but had shifted during high flow events.  If shifted structures 

were still meeting the original design objectives, they were determined to be functioning 

as intended.  Similarly, if a structure had been completely relocated, but was still 

providing the intended use, it was counted as functioning.  Sam Bissell assisted with 

surveying the cabled LWD in Crow Creek and the North Fork of the Little Naches, as 

well as the rock u-weir in Quartz Creek.  Bill Garrigues provided input with the work 

done in the mainstem Little Naches (reach L4).  Reach L4 is the only area that also 

coincides with stream and cross-section surveys conducted in 2001. 

Road and trail restoration work was not directly evaluated on site.  The extent of such a 

survey was beyond the capacity of this study.  However, McNeil sediment samples have 

been collected by the Yakama Nation throughout the Little Naches watershed.  These 

data were used to indirectly monitor the potential effects of road and trail restoration 

work that has occurred since the late 1980s and throughout the 1990s.  Ten sample 

reaches dispersed throughout the watershed have been sampled annually since 1991.  
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Samples were also collected between 1985 and 1990, but were not included in this 

analysis because only two reaches were sampled.  A reach consists of three similar riffles 

or pool-tail outs that contain suitable spawning gravels.  Four samples were taken in each 

riffle, making a total of 12 samples per reach each year (Matthews 2002).  Gravel 

samples were taken using a McNeil gravel sampler (McNeil 1964), which produced core 

samples approximately 10 cm in diameter and 15 cm deep (Bunte and Abt 2001).   

Samples were processed by Yakama Nation and Forest Service personnel.  The core 

samples were passed through standard sorting screens or sieves for sediment separation.  

Sediments in each size class were measured by water displacement and expressed as 

volumetric proportions of the entire substrate sample (Platts et al. 1989).  The average 

value of fine sediments <0.85 mm and <1.00 mm for each reach were reported in 

Matthews (2002).  The values from each reach were then taken and plotted for all 

available years (1991-2001).  A simple linear regression was fit to the data using SPSS 

statistical software.   

RESULTS 

In-stream 

The salmon falls fish ladder was present and functioning as intended (Figure 14).  The 

Yakima Nation has inventoried Chinook salmon redds both above and below the fish 

ladder since 1988 (Yakama Nation 2002).  Trends in usage above the ladder have been 

sporadic, with the highest amount of use occurring in 2000 and 2001 (Table 4).  Historic 

fish use above the salmon falls fish ladder is either undetermined or unknown (Scott 

Hoefer, personal communication).   

The log v-weirs installed in 1986 and 1987 were still present and functioning as intended 

during the 1990 stream survey (Figure 15A), but were dislodged shortly afterwards by the 

November 1990 flood event (Bill Garrigues, personal communication).  Four of the six 

logs that created the structures were caught up on the left bank, and were still present as  
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Figure 14.  Salmon falls fish ladder in the upper section of reach L4, Little Naches River.  
The ladder was installed in 1986 and is pictured here in 2001.   
 
 
 
 
Table 4.  Chinook salmon redd counts for years 1988-2001 in the Little Naches River, 
above and below the salmon falls fish ladder, installed in 1986.  Data were collected by 
the Yakama Nation and accessed through http://www.ykfp.org.   
Survey year 88 89 90 91 92 93 94 95 96 97 98 99 00 01 
Above Ladder 11 9 11 4 10 26 2 2 4 15 6 4 32 35 
Below Ladder 36 44 40 41 41 37 18 4 21 33 17 21 41 72 
Total 47 53 51 45 51 63 20 6 25 48 23 25 73 107
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of 2002 (Figure 15B), but not functioning as intended (0%) (Table 5).  The single log 

weirs (also called sills or digger logs) were present, but slightly shifted in 2002 (Figure 

16A-C).  Channel migration has occurred since the time of installation, exposing the ends 

of two logs that were originally anchored into the bank (Figure 16A-B).  The third 

structure was partially buried (Figure16C).  Since these structures were present and still 

exerting an influence on the channel, they were determined to be functioning as intended 

(Table 5).   

All of the passage rocks were present in 2002 (Figure 17A-C), and 82% were functioning 

as intended (Table 5), particularly in creating pocket pool habitat (Figure 17C).  12 of the 

13 turning rocks were still in place (Figure 18), but had failed to divert flow away from 

the 1900 road  (0% functioning as intended) (Table 5).  The rock u-weir in reach L4 was 

80% present and determined to be functioning as intended (Bill Garrigues, personal 

communication).  The rock u-weir in Quartz Creek was also present and functioning as 

intended (Figure 19).  The rock barbs installed in reaches L2 and L3 were all present in 

2002, and determined to be successfully functioning (Table 5).  Areas of sediment 

deposition behind the rock barbs and small amounts of vegetation growth were evident in 

places (Figure 20A).   

Crow Creek and the North Fork of the Little Naches both had an undetermined, but small 

amount of cabled LWD removed from the installation reaches (Sam Bissell, personal 

communication).  Of the remaining pieces that had been cabled to the channel margins, 

100% and 85% were determined to be functioning as intended in Crow Creek and the 

North Fork, respectively (Table 5).  In Crow Creek, 71% of the cabled LWD was in the 

original location, 18% was in place but shifted and 11% had been completely relocated 

(N = 74).  34% of the LWD was out of the low flow channel, but was still counted as 

functioning.  The sample size of 74 includes 63 singe pieces and 11 root wads that had 

been cabled to the channel margins in variety of configurations (Figure 21A-F).  The 

installed complexes of LWD were exerting varying degrees of influence on the channel 

(Figure 21A-C).  Several of the single pieces had been shifted and aligned parallel to the 

bank (Figure 21E), but others held their positions and were successful in creating pocket 
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pool habitat (Figure 21D).  Figure 21F shows a picture of a large single piece that was 

transported at high flow and deposited mid-channel.  In the North Fork 38% of the LWD 

was in place and 46% had been slightly shifted (N=13) (Table 5).  15% was not 

functioning as intended, one of which had been buried by a debris flow that occurred 

during the spring of 2002.   

50% of the off channel habitats (N = 2) were functioning as intended, which was 

determined by connection to the main channel at low flow.  The off channel pond created 

in 1987 was still present and connected at low flow in both 2001 and 2002 (Figure 22A).  

The 200 m side channel excavated in 1992 was not connected to the low flow channel.  

Figure 22B shows the upstream head of the constructed side channel.     

 

Table 5.  Physical durability of in-stream and riparian restoration projects in the Little 
Naches basin.  Durability or survival rate was considered to be the percent of structures 
functioning as intended during the 2002 survey.  In general, mainstem Little Naches 
reaches were pool-riffle reaches and Quartz and Crow Creeks were plane-bed reaches.   

Structure Type N Year 
installed Location Percent 

Functioning 
Log v-weirs 3 1986-87 Reach L4 0% 
Single log weirs 3 1986-87 Reach L4 100% 
Rock u-weir 1 1987 Reach L4  100% 
Rock u-weir 1 1992 Quartz Cr. 100% 
Passage rocks 27 1986-87 Reach L4 82% 
Turning rocks 13 1986-87 Reach L4 0% 
Floodplain collector logs 19 1986-87 Reach L4 100% 
Off channel habitats 2 1987, 1992 Reach L4 50% 
Cabled LWD 74 1991-92 Crow Creek 100% 
Cabled LWD 13 1991 North Fork  85% 
Rock barbs 30 2000 Reaches L2 and L3 100% 
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Figure 15.  Upstream view of log v-weirs installed in 1987 (Little Naches reach L4), 
shown here in (A) 1990 and (B) 2002.  4 of the 6 logs were caught up on the right side of 
the 2001 photo.  0% of the log v-weirs were functioning as intended (N = 3).    

(A)  1990 

(B)  2002 
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Figure 16.  Single log-weirs installed in 1987 (Little Naches reach L4), pictured here in 
2002.  100% were functioning as intended (N = 3).  However two of the three logs had 
exposed ends (top and middle photos) that were originally anchored into the bank.  The 
third weir (bottom) was partially buried, but functioning as intended. 

(A) 

(B) 

(C) 
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Figure 17.  Passage rocks installed in 1987 (Little Naches reach L4), pictured here in 
2002.  The intent of these rocks was to create pocket pools and diversity in a wide, 
shallow stretch near Crow Creek campground.  82% were functioning as intended (N = 
27).  

(B) 

(C) 

(A) 
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Figure 18.  Turning rocks installed in 1987 (Little Naches reach L4), pictured here in 
2002.  The intent of these rocks was to divert the flow away from the 1900 road, which is 
to the right of the photo.  92% were still present, but not functioning as intended (N = 
13).   
 

 
Figure 19.  Rock u-weir installed in Quartz Creek, just upstream of the confluence with 
the Little Naches (reach L4).  Pool habitat was observed just above and below this 
structure, and it was determined to be functioning as intended.   
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Figure 20.  Rock barbs installed in 2000 (Little Naches reaches L2 and L3), pictured here 
in 2002.  The main purpose of these structures was not flow deflection, but mainly to 
create backwater pool habitat, promote sediment deposition and enable vegetation 
growth.  (A) shows evidence of sediment deposition and vegetation growth in lower left 
section of photo, (B) shows an example of how LWD was incorporated into the rock 
barbs.  100% of the barbs were still present and functioning as intended (N = 30). 
 

(A) 

(B) 
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Figure 21.  Large woody debris cabled to the channel margins of Crow Creek, installed in 
1991–1992, pictured here in 2002.  100% of the logs and root wads located in 2002 were 
functioning as intended, with 73% in place, 17% shifted and 10% relocated (N = 74).  A 
small, but unknown number of logs were completely removed from the reach.  The 
purpose of these structures was to create habitat and refugia at a range of flow conditions, 
not just low flow.  A-C show cabled LWD complexes, D-E show individual pieces.  

(B) 

(A) 

(C) 
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Figure 21 continued.  (D) Example of a single piece of cabled LWD that has created 
pocket pool habitat, (E) example of how single pieces have been rotated and are now 
parallel to the bank, and (F) an example of a cabled piece of LWD that has been 
transported and deposited in mid-channel.  

(D) 

(E) 

(F) 
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Figure 22.  (A) Off channel pond excavated in 1987 and (B) side channel constructed in 
1992, both pictured here in 2001 (Little Naches reach L4). During the 2001 low flow 
survey the off-channel pond was connected to the main channel, but the constructed side 
channel was not, 50% functioning as intended (N = 2).   
 

(A) 

(B) 
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Riparian 

The floodplain collector logs in reach L4 were the only riparian restoration measure 

evaluated in 2002.  The re-located campsites, riparian plantings and bank stabilization 

structures were not evaluated.  All of the floodplain collector logs that were located in 

2002 were determined to be functioning as intended (Table 5).  However, a small but 

unknown number of logs could have been removed and/or buried.  Vegetation growth 

and pockets of sediment deposition were evident in the vicinity of the collector logs 

(Figure 23A-B).   

 

Roads and Trails 

The McNeil gravel samples collected in ten reaches of the Little Naches watershed show 

a slight, yet statistically significant (p<0.002) decreasing trend between 1991 and 2001 

(Figure 24 A-B).  Although variability among reaches creates a weak linear relationship 

(R2 =0.09), regression results were significant for both size classes of fine sediments 

(<0.85 mm and < 1.00 mm).   
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Figure 23.  Floodplain “collector” logs placed in 1986-87, shown here in 2002.  The 
intent of these logs was to trap sediments and encourage vegetation growth.  100% were 
functioning as intended (N = 19).   

(B) 

(A) 
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Figure 24.  Percent fines (A) <0.85mm and (B) <1.00 mm for years 1991 – 2001, in the 
Little Naches watershed (N=10).  10 sites spread throughout the watershed were sampled 
for all years, represented by the open circles.  Regression results are significant (p<0.002) 
for both size classes.  The darkened circles are from reference sites in the American River 
(N=3).  Data are from Matthews (2002).   
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DISCUSSION 

In-stream 

Little Naches Reach L4   

The Little Naches River, particularly in reach L4, provides an interesting case study in 

changing management and restoration strategies.  Before the 1980s, LWD was generally 

thought of as a flood hazard that decreased stream conveyance and blocked salmon 

migration (Kramer 1957).  For example, as part of a flood rehabilitation plan in the late 

1970s, LWD was removed from reach L4 and piled on gravel bars to be burned (USDA 

Forest Service 1994b).  It is now understood however, that LWD plays a critical role in 

the creation and maintenance of fish habitat, as well as the storage and routing of 

sediment in rivers and streams of all sizes (Bisson et al. 1987, Fetherston et al.  1996, 

Collins and Montgomery 2002).  Not more than a decade later (1986-1987), LWD was 

being re-introduced to the channel in reach L4.   

The channel spanning log v-weir structures were the least successful in terms of 

longevity, and were dislodged during the November 1990 flood event (Bill Garrigues, 

personal communication).  However, just prior to this flood event the v-weirs were 

creating pool habitat during the 1990 stream survey (Figure 15A).  During the flood, it is 

possible that these structures were undermined at the upstream apex, where the two 

pieces came together, making them susceptible to being lifted and transported by high 

flows.  The November 1990 event was estimated as a 25-50 year recurrence interval flow 

(USDA Forest Service 1994b).   

It appears that the single log weirs have been buried and unburied at least once over the 

16 year time frame.  The 1991 stream survey report (Schmidt 1991) concluded that the 

single log weirs were completely missing and had been removed by the 1990 flood event.  

However, all three single weirs were observed in place during 2002 (Figure16A-C), 

indicating the structures must have been buried in 1991.  This observation suggests active 

scour and fill of the surface substrate in reach L4.  Scour and fill along the thalweg was 
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measured in reach L4 between 1994 and 2001, and is reported in chapter 4.  Since 

channel migration occurred after the time of installation, the ends of two logs that were 

originally anchored into the bank were exposed in 2002 (Figure 16A-B).  Because the 

channel continues to migrate away from these structures, it does not appear that they have 

had a significant controlling effect on channel processes.   

None of the reach L4 channel spanning log or rock weirs were creating primary pool 

habitat in the 2001 stream survey or the 2002 structure survey.  Primary pool habitat is 

defined as channel spanning pools with a defined downstream hydraulic control (Hankin 

and Reeves 1988).  Small pocket pools were observed associated with the single log 

weirs and the rock u-weir, but the log v-weirs were no longer in the channel.  The rock u-

weir installed in the Quartz Creek tributary, was successful at creating primary pool 

habitat above and below the weir (Figure 19).  Quartz Creek only comprises 11% of 

Little Naches drainage area, which suggests that channel spanning weirs may be more 

successful in smaller drainages (smaller channel dimensions and flow volumes).  In 

addition, Quartz Creek in more of a plane bed channel, which is not as geomorphically 

active as pool-riffle response reaches.  Considering these observations, it appears that 

channel spanning weirs may not be the best approach to create primary pool habitat in 

large basins, particularly in active response reaches.  This coincides with other studies 

that have observed the unsuccessful or outright harmful effects of in-stream manipulation 

in very active response reaches (Kondolf 1998, Callahan 2001, Kondolf et al. 2001, 

Thompson 2002).   

An important consideration of the LWD installed in reach L4 is that the root wads were 

removed in order to meet engineering designs (Figures 15 and 16).  It has since been 

recognized that the root wads of large trees are critical for retention within the channel, 

and consequently the formation of LWD complexes (Fetherston et al.  1996, Beechie 

1998, Abbe 2000, Collins and Montgomery 2002).  The limited effectiveness of the 

installed LWD in reach L4 and lack of associated pool habitat illustrates that in-stream 

structures generally only provide temporary benefits (Roni et al. 2002), and do not 
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restore the natural processes necessary for a self-sustaining dynamic river morphology 

(Collins and Montgomery 2002).  

The passage rocks were successful in creating pocket pool and resting habitat in a wide, 

shallow section of reach L4 (Figure 29).  The turning rocks, although originally not 

intended for this purpose, also created some pocket pool areas (Figure 18).  The number 

of pocket pools per riffle (reported in chapter 3), was greater in reach L4 than any other 

Little Naches or American River reach.  It is likely that the passage rocks and turning 

rocks increased the number of pocket pools per riffle in reach L4.   

For the purposes of this study, the in-stream work was solely evaluated in terms of 

physical durability and original design objectives.  An important consideration when only 

looking at structure longevity is that a high or low percent of structures functioning does 

not necessarily translate into true biological or habitat recovery.  More detailed study and 

analysis would be needed to truly address biological recovery.  Field observations in 

2001 and 2002 indicate that other than the creation of pocket pool habitat and one off 

channel pond connection, the in-stream work done in reach L4 of the Little Naches has 

not significantly altered or restored channel conditions.  However, the durability or 

percent of structures functioning as intended was generally very high, except for the log 

v-weirs and turning rocks (Table 5).   

Other studies in the Pacific Northwest that have evaluated structure durability and 

function are relatively few, especially compared to amount of in-stream projects that have 

been carried out.  When post project evaluations have taken place the percent of 

structures still functioning as intended has been variable (Ehlers 1956, House et al. 1989, 

Armantrout 1991, Frissell and Nawa 1992, Crispin et al. 1993, House 1996, Thom 1997, 

Roper et al. 1998).  In addition, the definition of “functioning” has also varied, which 

complicates comparisons between studies (Smokoroski et al. 1998, Roni et al. 2002) 
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Crow Creek and North Fork Little Naches  

An important lesson learned from evaluating the cabled LWD in Crow Creek and the 

North Fork Little Naches is that documentation of exactly what happened and where it 

happened is important.  Since the original numbers of cabled LWD were not known, it 

was impossible to determine what amount of LWD had been removed from the project 

reaches.  However, the amount that had been removed from both sites was expected to be 

very small in comparison to the totals (Sam Bissell, personal communication).  Since the 

original design objective of these LWD installations was to provide habitat and refugia 

during both high and low flows, pieces that were out of the low flow channel were still 

determined to be functioning as intended (34% of the pieces in Crow Creek) (Figure 21C 

and F).  With this in mind, both Crow Creek and the North Fork had a high percentage of 

structures functioning as intended (100% and 85% respectively).  As mentioned 

previously, a high or low percent of structures functioning does not necessarily translate 

into true biological or habitat recovery.   

The high degree of structure longevity in Crow Creek (n=74), may be a function of 

several factors.  First of all, the LWD was cabled to the channel margins, unlike the 

channel spanning structures in the mainstem Little Naches.  Second, Crow Creek is 

smaller in drainage area and different in channel type than the mainstem Little Naches.  

Crow Creek is a plane-bed channel that is not expected to have high rates of channel 

migration (Montgomery and Buffington 1997).  The combination of these two factors 

could help explain the high survival rate of cabled LWD in Crow Creek.   

This raises an important issue when evaluating the potential success and/or failure of 

restoration projects.  Variables such as channel type, basin area, and flow regime may be 

significant controlling factors on whether or not projects succeed.  Indeed, site specific 

characteristics should be used to help design appropriate restoration strategies (Roni et al. 

2002).  What is appropriate for one channel type and location, may be unsuccessful or 

even harmful in another location.  Depending on the site characteristics and disturbance 
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history, active and/or passive restoration techniques may be appropriate (Kauffman et al. 

1993, Beschta et al. 1994, Frissell and Ralph 1998, Jacobsen et al. 2001).   

Riparian 

Although sediment deposition and vegetation establishment were observed in the vicinity 

of the floodplain collector logs (Figure 23 A-B), these processes were also observed 

throughout the large gravel bar where collector logs were installed.  This suggests that 

collector logs were not the only mechanism facilitating gravel bar recovery and riparian 

establishment.  Fine sediments were observed deposited throughout the bar surface and 

were likely deposited by high flow events, such as those that occurred in 1990 and 1996.  

Also of interest was a swath of vegetation that crossed the gravel bar, connecting the 

upstream and downstream ends of the bar.  This band of vegetation had the most 

established riparian vegetation of the entire bar, and is visible in the background of 

Figure 23A.  A likely explanation for this pronounced band of vegetation is a preferential 

sub-surface flow path that travels through the gravel bar.  This preferential flow and 

accompanying riparian establishment would coincide with the processes Clinton (2001) 

and Coe (2001) observed on the floodplain of the Queets River, WA.   

Roads and Trails 

Roads have been identified as a significant delivery mechanism of fine sediments to 

forested stream systems (Reid and Dunne 1984, Everest et al. 1987, Furniss et al. 1991), 

and fine sediments have been widely accepted as detrimental to salmonid survival to 

emergence (Chapman 1988, Hicks et al. 1991).  Consequently the identification and 

restoration of known sediment sources along road networks should reduce the overall 

amount of fine sediments delivered to the channel and improve biological productivity 

(Swanson et al. 1987, Platts et al. 1989).   

In the Little Naches system, all known problem areas with the road system have been 

addressed on private lands (Jeff Light, personal communication) and 75% of the known 

problem areas have been mitigated on the remaining public lands throughout the basin 
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(Bill Garrigues, personal communication).  An additional concern in the Little Naches 

watershed is the OHV trail system that criss-crosses the drainage, and further extends the 

road network.  90% of the problem areas associated with OHV trails, particularly stream 

crossings, were addressed by 2002 (Sam Bissell, personal communication).  Considering 

the extensive amount of road and trail restoration work, and the observed link between 

roads and sediment; fine sediment levels are hypothesized to be decreasing in the Little 

Naches watershed.   

The McNeil gravel sample results between 1991 and 2001 supported the hypothesis of 

decreasing fine sediment levels within streambed gravels.  The results of the 10 reaches 

were highly variable within years, but the overall trend decreased significantly (p<0.002), 

in both the 0.85 mm and 1.00 mm size classes (Figure 24).  Because 1993 looked like a 

possible outlier, it was suspected of skewing the regression results.  However, when 1993 

was removed from the regression analysis, the results were still significant at the p=0.05 

level for both size classes.   

Although the available data indicate a decreasing fine sediment trend through the 1990s, 

a direct cause and effect relationship between road restoration and decreased fine 

sediment levels cannot be inferred.  First of all, the actual percent decrease is very small, 

and may be within the error inherent to McNeil gravel sampling (Bunte and Abt 2001).  

Furthermore, it is impossible to separate what percent of the decrease is a result of 

restoration, natural processes or natural variability.   

As discussed in chapter one, the Little Naches is expected to be a naturally high producer 

of fine sediments because of the pyroclastic/volcanic base geology and high degree of 

landslide terrain within the basin (Figure 2).  Ash layers are also present in the basin, 

which could further increase fine sediment levels (Collins 1996).  However, undisturbed 

forested systems have been observed to store large quantities of sediment, while 

maintaining productive salmonid populations (Hicks et al. 1991).  In addition, Peterson et 

al. (1992), reported that percent fine sediment (<0.85mm) is typically less than 11% in 

undisturbed Washington forestlands.   
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Active forest management and removal of in-stream LWD may have accelerated the 

process of sediment routing and altered sediment storage dynamics in the Little Naches 

basin.  Consequently, a larger percentage of the naturally produced sediment could be 

stored in spawning gravels, instead of behind roughness elements such as LWD (Everest 

et al. 1987).  These changes in sediment dynamics would not be observable from McNeil 

gravel samples alone, particularly without background data.   

The only background data that exist in the Little Naches watershed are McNeil samples 

collected between 1985-1990, when only two reaches were sampled.  It is interesting 

however, that the first two sampling years of 1985 and 1986 had the lowest values of fine 

sediments observed in the Little Naches watershed (Matthews 2002).  The values 

recorded in those first years were less than 10% (<0.85 mm), and are actually quite 

similar to the values taken in the American River during 1996 and 1998 (Figure 24).  The 

American River was sampled as a reference of undisturbed fine sediment levels 

(Matthews 2002).  However, the American River is expected to have lower fine sediment 

levels in spawning gravels for two reasons:  1) a dominant base geology of crystalline 

granitic bedrock and 2) LWD and other roughness elements are abundant in the channel, 

which should help store and control the routing of sediment through the system.   

The lower fine sediment levels observed in the Little Naches during 1985-86 could be 

explained by three alternate hypotheses:  1) these are spurious data points, 2) fine 

sediment levels were naturally lower in the mid 1980s and then increased due to 

management activities and/or natural processes, or 3) all recorded values are within the 

range of natural variability for the Little Naches system.  At the two reaches sampled in 

1985-1990, fine sediment levels increased significantly into the 1990s, and support the 

hypothesis that land management and/or other environmental factors caused increases of 

fine sediment (Matthews 2002).  A possible explanation for this is the relatively late entry 

of timber harvest and associated road building activity in the Little Naches watershed 

(Smith 1993).  As mentioned in chapter one, the most intense era of road building in the 

Little Naches took place in the 1980s, when 46% of the road network was built (USDA 
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Forest Service 1994b).  It is possible that the discrepancy between the mid 1980s values 

and early 1990s values reflect a delayed response to the road building and harvest activity 

of the 1980s.   

Alternatively, macro-invertebrate data collected from 1986 to 2002 have not shown a 

significant response to watershed disturbance, indicating that conditions of fine sediment 

are likely within the range of natural variability inherent to the Little Naches system (Jeff 

Light, personal communication).  However, with neither sediment nor macroinvertebrate 

data before 1986, it is difficult to address the range of fine sediment levels that the Little 

Naches experienced historically.   

Another complicating factor in the analysis of road-related fine sediment inputs is that the 

majority of particles coming directly from road systems in Western Washington have 

been observed to be <0.004 mm, and the influence of those particles on streambed gravel 

composition was difficult to discern (Bilby et al. 1989).  However, storm related runoff 

of fine sediment is not the only mechanism by which roads can increase sediment 

supplies.  Stochastic events such as culvert failure, road failure and road induced land 

sliding can be significant sources of sediment (Brown 2002, Montgomery 1994).   

The amount of fine sediments in streambed gravels is such a complex issue, with so many 

potential explanations and causal mechanisms, it is impossible to decipher to what extent 

measured levels of fine sediment reflect natural watershed conditions, cumulative effects 

of harvest and roads, or active road/trail restoration.  Keeping these issues in mind, the 

data from 1991-2001 do show a slight, yet statistically significant decrease in fine 

sediment levels in the Little Naches watershed.  If the trend is real, any further decrease 

in fine sediments would certainly be beneficial biologically, particularly for salmonid 

survival to emergence (Chapman 1988, Hicks et al. 1991).  In addition, the restoration 

and/or elimination of road and trail networks is considered one of the longest lasting 

restoration measures, with effects that will last decades or centuries into the future 

(Ziemer and Lisle 1998, Roni et al. 2002) 
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CHAPTER 3:  STREAM HABITAT SURVEYS 

INRODUCTION 

As discussed in chapter one, the former Bureau of Fisheries (BOF) conducted stream 

surveys in the interior Columbia River basin during 1935-36, including the Little Naches 

and American Rivers.  In 1990-1992, stream surveys were again conducted throughout 

the Columbia River basin, and the results were then compared to the historic BOF 

surveys (McIntosh et al. 1994a, 1994b and 2000).  Smith (1993) provided a more detailed 

analysis of changes in stream and riparian characteristics between 1935 and 1990 in the 

Little Naches basin.  An additional historic survey was also conducted on the American 

River in 1957 by the Washington State Department of Fisheries (Kramer 1957).   

The purpose of this current study was not to re-visit the 1935-1990 time frame, but rather 

to evaluate changes in habitat characteristics between 1990 and 2001, in light of the 

restoration work and regulatory changes that occurred.  In addition, since habitat 

conditions were likely degraded by 1935 in the Little Naches River (Smith 1993), the 

American River was selected as a reference of natural conditions.   

In order to accomplish these objectives, stream surveys were conducted in the Little 

Naches and American Rivers during the summer of 2001.  Only response reaches 

(Montgomery and Buffington 1993, 1997) were surveyed for two main reasons:  1) 

response reaches are assumed to be the best indicators of changing watershed conditions 

and 2) these reaches are critical for salmonid habitat and production (Ward and Stanford 

1995, Stanford et al. 1996, Montgomery et al. 1999, Ward et al. 1999, Stanford et al. 

2002).  Reaches L1, L4, L7 and L8 were selected as response reaches in the Little Naches 

River (Figures 7-11), and reaches A3 and A5 in the American River (Figures 12-13).  

Specifically, the main study objectives addressed in this chapter are:   

2) Quantify the abundance and distribution of salmonid habitat in response reaches 

of the Little Naches and American Rivers in 2001.   
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3) Use the American River response reaches as a potential reference of habitat 

conditions and natural processes that existed historically in the Little Naches 

basin. 

4) Evaluate changes in the abundance and distribution of salmonid habitat in 

response reaches of the Little Naches River between 1990 and 2001.   

METHODS 

Stream survey data collected in 2001 were used to compare the Little Naches and 

American Rivers, as well as to evaluate changes over time in both streams individually.  

Additional stream surveys were conducted in the Little Naches basin during 1991 and 

1997, following the large flood events of 1990 and 1996.  However, not all of the 

response reaches were surveyed (Table 6) and habitat dimensions were only measured at 

every nth habitat unit (Hankin and Reeves 1988).  The 1990 survey of the Little Naches 

River was selected as the best comparison to the 2001 data for the following reasons:  1) 

1990-2001 spans the largest time frame of interest, 2) all the same reaches were surveyed 

in 2001 and 3) 1990 is the only other survey that measured all habitat unit dimensions.  

Although not a main objective of this study, changes in the American River were also 

evaluated between 1992 and 2001.  The 1992 survey of the American River was carried 

out by the USDA Forest Service.   

Table 6.  Little Naches reaches surveyed in the 1990, 1991, 1997 and 2001 stream 
surveys.  (-) Denotes the reach numbering system used in that particular year.   

Survey Year 
Reach 1990 1991 1997 2001 

L1 Yes No No Yes 
L2 Yes No No No 
L3 Yes No No No 
L4 Yes Yes (1) No Yes 
L5 Yes Yes (2) Yes (1) No 
L6 Yes Yes (3) Yes (2) No 
L7 Yes Yes (4) Yes (3) Yes 
L8 Yes Yes (5) Yes (4) Yes 
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2001 Stream Surveys 

Stream surveys were conducted in the Little Naches and American Rivers from July 2 – 

September 19, 2001.  The 2001 stream surveys used the methods described in the USDA 

Forest Service Stream Inventory Handbook, Level I and II, version 2.1 (2001).  Complete 

details of this methodology will not be reported here and can be referenced in the 

handbook (USDA Forest Service 2001).  However it is important to note the following 

about the protocol used in 2001.   

In an effort to minimize observer variability, the same observer surveyed all reaches of 

the Little Naches and American Rivers.  Main channel habitat units were classified as 

pools, riffles or special cases.  Channel spanning pools are referred to as primary pools, 

and by definition must have a downstream hydraulic control that spans the entire channel.  

Riffles are areas of higher velocity with turbulent flow and higher gradient than pools.  

This simplified pool-riffle survey was initiated due to the increased observer variability 

that has been reported when observers are asked to differentiate between several types of 

pools and riffles (Pleus 1995, Roper and Scarnecchia 1995, Poole et al. 1997).   

Main channel special case habitat units include chutes, waterfalls, dams, marshlands and 

braided channels (USDA Forest Service 2001).  In the 2001 surveys, all special case 

habitat units were classified as braided channels, with the exception of the salmon falls in 

reach L4 of the Little Naches River.  The salmon falls waterfall was included as a riffle in 

the calculation of habitat percentages.  Braided channels were defined as having at least 

three parallel channels separated by unstable gravel bars that would be overtopped in the 

bankfull flow, and are usually an indicator that sediment supply exceeds transport 

capacity (USDA Forest Service 2001).  Habitat percentages were calculated using both 

surface area and count of habitat units (Table 7).  In addition to main channel habitat, side 

channel habitat was also identified.  Side channels were defined as lateral or secondary 

channels that were separated from the main channel by stable islands or gravel bars not 

likely to be inundated during the bankfull flow (USDA Forest Service 2001).   
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All habitat dimensions (length, width and depth) were measured in both main and side 

channel habitat units, unless physically not possible.  Lengths were measured with a 

stringbox that was calibrated for accuracy at least weekly.  Depths were measured with 

stadia rods and widths were measured with a measuring tape. Pool residual depth was 

calculated as the difference between maximum pool depth and pool tail crest depth 

(Table 7).  Average habitat unit widths were weighted by length.  Average habitat unit 

lengths and depths were calculated using a standard average of all values (Table 7).  

Metrics not included in Table 7 were calculated as stated (e.g., pieces of LWD per 100 m 

or pocket pools per riffle).   

Pieces of large woody debris (LWD) that were completely or partially within the bankfull 

channel dimensions were counted in three different size classes:  small, medium and 

large.  LWD out of the bankfull channel was not included in the 2001 surveys.  Small 

pieces were defined as 15 cm in diameter at a length of 6.1 m from the large end of the 

tree.  Medium pieces were defined as 30 cm in diameter at a length of 10.7 m from the 

large end of the tree.  Large pieces were defined as 50 cm in diameter at a length of 10.7 

m from the large end of the tree (USDA Forest Service 2001).   

Surface substrate composition was visually estimated for all habitat units using the 

current USDA Forest Service size classes of sand (SA), gravel (GR), cobble (CO), 

boulder (BO) and bedrock (BR) (Table 8).  The percentages of each size class were 

weighted by habitat unit surface area (Table 7) and only used to compare the Little 

Naches and American River 2001 data.  Median particle size distributions were 

determined by measuring 100 clasts (Wolman 1954) in two representative riffles of each 

reach.  The individual reach values of D15, D35, D50 and D84 are an average of the two 

pebble counts in that reach.  Stream-wide values of D15, D35, D50 and D84 were weighted 

by total reach surface area.  Gradient (slope) was measured with an Abney level, over the 

longest distances possible.  Discharge was measured in each reach with a with a Price AA 

flow meter.  
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Table 7.  Calculation of the 2001 and historic parameters.  Parameters not in this table are 
calculated as stated (e.g. pieces of LWD per 100 m).  See table 8 for key to substrate size 
classes.    

2001 parameters Calculation 

Percent of habitat type by 
surface area 

100x 
areasurfacehabitattotal
area surfacetypehabitat









=  

Percent of habitat type by 
count 

100x 
unitshabitat  ofcount total
unitstypehabitat ofcount 









=  

Average habitat unit width 
( )











=

∑
∑

lengthsunit  individual
lengthunit  individualx     unit width individual

 

Average habitat unit length 









= ∑

unitshabitat  ofcount  total
lengthsunit habitat  individual

 

Average habitat unit depth 









= ∑

unitshabitat  ofcount  total
depthsunit habitat  individual

 

Residual pool depth =     Maximum pool depth – pool tail crest depth 

Percent substrate by size 
class 










=

∑
∑

areas surfaceunit habitat 
area surfaceunit habitat   percent  x class substrate

 

Historic parameters Calculation

Percent substrate by size 
class 










= ∑

unitshabitat  ofcount  total
unithabitat each for percent  class substrate

 

Percent spawning area  
( )








 +
= ∑

area  surfacereach  total
%MR x areaunit habitat   %SR x areaunit habitat 

Percent stream length 
embedded 

100x 
lengthreach  total

embeddedlength  stream








=  
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Bankfull and floodplain channel measurements were taken in at least 1 out of every 10 

riffles (10% sampling frequency).  Bankfull width and maximum bankfull depth were 

recorded.  Average bankfull depth was calculated using depth measurements ¼, ½ and ¾ 

across the bankfull channel, and then dividing by 3 (USDA Forest Service 2001).  The 

floodprone depth was defined as twice the maximum bankfull depth.  The floodprone 

width was then measured as the distance this depth would extend into the floodplain 

before being confined by valley walls or terraces.  The ratio of floodprone to bankfull 

width is termed entrenchment, and was used as a measure of channel confinement 

(USDA Forest Service 2001).   

The 2001 stream survey reports of the Little Naches and American Rivers (Muir 2001a 

and 2001b) offer additional information not included in this thesis, particularly in regards 

to the USDA Forest Service standards and guidelines.   

Historic and Additional Variables collected in 2001 

Additional variables collected in pool habitat units include percent cover and pool 

forming feature.  The total percent of pool cover was visually estimated and then broken 

down into the following types of cover:  LWD, overhanging vegetation, undercut bank 

and surface turbulence.  The formative feature of each pool was determined to be in one 

of the following categories:  bed (mid-scour), LWD, weirs and meander bends.  Weir 

formed pools were only present in reach L4 of the Little Naches River, at the salmon falls 

fish ladder.  In order to allow comparisons to previous surveys, both pools and riffles that 

would have formerly been classified as glides were noted.  The number of pocket pools in 

each riffle was also noted in all reaches.   

The 1990 survey used the historic substrate size classes of mud/sand (MS), small rubble 

(SR), medium rubble (MR), large rubble (LR) and bedrock (BR) (Table 8) inherited from 

the 1935-36 surveys.   In order to compare to the 1990 survey, these same categories 

were also visually estimated in 2001.  The percent of each size class was calculated using 

a straight average (Table 7), in order to stay consistent with past calculations (Smith 
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1993).  Substrate percentages in these historic size classes were only reported for reaches 

L1, L4 and L7 of the little Naches River in 1990.  Spawning gravels were identified as 

small rubble (SR) and medium rubble (MR) substrate (6-156 mm) in the 1990 survey 

(Smith 1993).  The resulting calculation of percent spawning area was performed with the 

2001 data (Table 7), as defined by Smith (1993).   

Table 8.  Historic and current substrate size classes.  The 1990 Little Naches survey used 
only historic size classes and the 2001 surveys used both methods.   

Historic size classes Current size classes 
Class Size (mm) Class Size (mm) 

MS = Mud and Sand < 6 SA = Sand, Silt and Clay < 2 
SR = Small Rubble 6 – 76 GR = Gravel 2 – 64 
MR = Medium Rubble 76 – 152 CO = Cobble 64 – 256 
LR = Large Rubble > 152  BO = Boulder > 256 
BR = Bedrock  BR = Bedrock  
 

Gravel bar data were recorded for all reaches in 2001.  Bars were classified as 

unvegetated or vegetated.  The height of vegetation on the vegetated bars was recorded in 

the following height classes:  <0.6 m, 0.6–1.5 m, 1.5–3.0 m and >3.0 m.  Gravel bar 

surface area was taken by measuring the maximum length and width of each bar.  The 

resulting surface area (length x width) creates a rectangle, and generally over-estimates 

the true surface area.  To compensate for this over-estimation, the rectangular surface 

areas were multiplied by a correction factor of 0.785, which assumes that the majority of 

gravel bars are semi-circles inscribed within a rectangle.   

Embeddedness is a condition where the interstitial spaces of the streambed are filled in by 

fine sediments (Platts et al. 1983), and is expressed quantitatively by the extent that larger 

particles are buried by fine sediment (MacDonald et al. 1991).  This condition was 

visually estimated for cobble substrates in 1990 and 2001 for all response reaches.  When 

fine sediments had filled in 35% of the cobble substrate height, they were considered 

embedded (Figure 25).  Percent of stream length embedded was calculated as given in 

Table 7.   
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Figure 25.  Graphic representation of cobble embeddedness (USDA Forest Service 
1990b) 

Changes in Stream Survey Methodology:  1990 – 2001 

Large Woody Debris (LWD) 

The methodology of counting large woody debris (LWD) has experienced several 

changes.  From 1989 – 1994 trees leaning over the bankfull plane were counted as 

potential LWD (USDA Forest Service 2000b).  After 1994, potential LWD was no longer 

counted.  This is problematic when comparing to surveys where the portion of potential 

LWD is unknown, such as the Little Naches in 1990 and 1991, and the American in 

1992.  However, potential LWD was recorded in 2001 and only made up 5.5% and 1.9% 

of the total LWD count in the Little Naches and American Rivers, respectively.  Because 

of these low percentages and the fact that potential LWD was not broken down by size 

class in 2001, potential LWD was not included in the final 2001 LWD counts.  This 

corresponds to other re-survey efforts that have reported insignificant amounts of 

potential LWD in wide, floodplain reaches (USDA Forest Service 2000b).  Therefore, a 
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comparison to the 1990 and 1991 Little Naches surveys and the 1992 American River 

survey should not be severely hampered by the potential wood protocol change.   

More critical changes to the LWD protocol include the diameter of each size class and 

the location of diameter measurement.  For the Little Naches River surveys, the diameter 

dimensions for small, medium and large pieces of LWD have remained the same, but the 

location of where to measure the diameter has changed.  In the earlier Little Naches 

surveys of 1990 and 1991, tree diameters were measured at the large end of a tree, near 

the root wad.  In 1997 and 2001, diameters were measured 6.1 m and 10.7 m away from 

the root wad (Table 9).  For the American River surveys, both the diameter dimensions 

and location of measurement have changed (Table 10).  The 1992 American River survey 

used the USDA Forest Service Westside standards for LWD, and the diameter was 

measured at the big end of the tree (USDA Forest Service 1992).  In 2001 the Eastside 

LWD standards were used, and the diameter was measured 6.1 m and 10.7 m away the 

big end of the tree (Table 10).   

Table 9.  Definitions of minimum tree diameter and location of diameter measurement 
used in the 1990, 1991, 1997 and 2001 Little Naches stream surveys.  DBH = Diameter at 
breast height 

1990 and 1991 1997 and 2001 LWD 
Size class Minimum 

Diameter 
Diameter 

measured at: 
Minimum 
Diameter Diameter measured at: 

Small 15 cm  DBH 15 cm  6.1 m from root wad 
Medium 30 cm DBH 30 cm 10.7 m from root wad 

Large 50 cm DBH 50 cm 10.7 m from root wad 
 

Table 10.  Definitions of minimum tree diameter and location of diameter measurement 
used in the 1992 and 2001 American River surveys.  DBH = Diameter at breast height 

1992 2001 LWD 
Size class Minimum 

Diameter 
Diameter 

measured at: 
Minimum 
Diameter Diameter measured at: 

Small 30 cm DBH 15 cm  6.1 m from root wad 
Medium 60 cm DBH 30 cm 10.7 m from root wad 

Large 90 cm DBH 50 cm 10.7 m from root wad 
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These changes in minimum diameter and the location of diameter measurement are the 

largest obstacles in comparing LWD counts between years.  In order to compare the 

LWD counts from 1990 and 1991 (Little Naches), and 1992 (American) to the 2001 data, 

correction factors were developed.  A 100 m test reach with high wood loading was 

selected in reach L4 of the Little Naches River.  The LWD in this 100 m test reach was 

then counted using all three methods (Tables 11 and 12).   

Table 11.  Correction factors for the 1990 and 1991 Little Naches LWD counts, 
developed from a 100 m test reach in reach L4 of the Little Naches River, 2001.   

1990 and 1991 
method 

1997 and 2001 
method LWD 

Size class Total count Total count 

Multiply 1990 and 1991 counts by 
this correction factor:   

Small 5 14 2.80 
Medium 12 12 1.00 

Large 15 4 0.27 
Total 32 30 0.94 

 

The test reach illustrated that the 1990 and 1991 methodology counted more large pieces 

and fewer small pieces, while the 2001 protocol shifts the distribution to more small 

pieces and fewer large pieces.  The medium size class remained the same with both 

techniques and the total count of pieces (small + medium + large) was slightly larger in 

the earlier surveys.  By multiplying the 1990 and 1991 LWD counts by the correction 

factors given in Table 11, a comparison was then made to the 1997 and 2001 surveys.   

Table 12.  Correction factors for the 1992 American River LWD counts, developed from 
a 100 m test reach in reach L4 of the Little Naches River, 2001.   

1992 method 2001 method LWD 
Size class Total count Total count 

Multiply 1992 counts by this 
correction factor:   

Small 22 14 0.64 
Medium 1 12 12.00 

Large 3 4 1.33 
Total 26 30 1.15 

 

For the American River surveys, the test reach revealed that the 1992 methodology 

counted more small pieces and fewer medium pieces, with large pieces remaining about 
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the same.  The total count of pieces (small + medium + large) was larger with the 2001 

methodology (Table 12).  Since the medium and large size classes used in the 1992 

American River survey were not well represented in the 2001 test reach counts, these 

individual correction factors appear poorly developed.  Consequently, the count of total 

LWD (small + medium + large) was considered the most reliable comparison between 

the 1992 and 2001 surveys of the American River.  By multiplying the 1992 total LWD 

counts by the correction factor of 1.15 (Table 12), a comparison was made to the 2001 

survey.   

Pools and Glides 

Before 1995, pools needed to be longer than wide to qualify as a primary pool.  This 

restriction excluded plunge pools, which are often wider than they are long.  Since only 

one plunge pool (width > length) was encountered in 2001, this protocol change should 

not be a major concern with the Little Naches or American River surveys.  Plunge pools 

are more common in step-pool systems, and are expected to be less prevalent in low 

gradient meandering streams (USDA Forest Service 2000b).   

A more important change to the habitat protocol occurred in 1995, when glides were 

dropped as one of the habitat choices.  This could be a significant problem in streams 

where glides were identified as one of the most common habitat types.  Glides were 

defined as:  

“A feature of the stream generally flowing smoothly and gently across a uniform channel 

bottom.  Generally contains lower velocities, with little to no surface turbulence present.  

The longitudinal profile of the feature is generally level, or slightly sloped downstream.  

No hydraulic control present”  (USDA Forest Service 1990b, Appendix G).   

A figure from the 1990 Stream Inventory Handbook, version 5.0 (USDA Forest Service 

1990b) illustrates the true definition of a glide (Figure 26A), yet also shows an example 

of a wide shallow pool that was used synonymously with glides (Figure 26B).  The 2002 

survey noted all units that would have formerly been defined as glides.  However, this 
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proved to be a difficult task, because the majority of units that appeared to be glides on 

the surface (little to no surface turbulence), actually did have a deep section of scour and 

a downstream hydraulic control, similar to the illustration in Figure 26B.  Since the 1990 

manual states that this type of habitat unit was “sometimes” used synonymously with 

glides, it is impossible to know what percentage of these units were formerly called pools 

and what percentage were called glides.  Given the ambiguous information in the 1990 

stream survey manual, the identification of glide habitat appears particularly susceptible 

to observer bias.   

 

 
Figure 26.  Illustrations of (A) true glide habitat units and (B) wide shallow pools that 
were sometimes used synonymously with glides (USDA Forest Service 1990b).    
 

Graphical and Statistical Analyses 

The stream survey data of 2001 were analyzed using three different approaches:  1) 

graphical analysis, 2) principal components analysis and 3) cluster analysis.  The changes 

over time in the Little Naches River (1990 – 2001) and the American River (1992 – 

2001) were only evaluated with graphical analysis.  Since estimates of variance were 

A.

B. 
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unknown for the previous Little Naches and American River surveys, explanatory 

statistical comparisons were not possible (Loveday Conquest, personal communication).  

Furthermore, given the inherent variability in stream survey data, explanatory statistics 

may not be relevant and should be regarded with caution (Poole et al. 1997).  For these 

reasons the analyses of stream survey data were restricted to graphical and descriptive 

statistical techniques.  All analyses use the following reach abbreviations:  A3, A5, L1, 

L4, L7, and L8.  For example, A3 = American reach 3 and L1 = Little Naches reach 1.   

Graphical Analysis 

Graphical analyses were used to compare the 2001 Little Naches and American River 

stream survey data, the 1990-2001 Little Naches data and the 1992-2001 American River 

data.  Standard bar graphs and box plots were used as graphical techniques in comparing 

the Little Naches and American River 2001 data, using Microsoft Excel and SPSS 

statistical software.  Both stream-wide and reach level comparisons were made.  The 

changes over time (1990-2001 and 1992-2001) were evaluated using standard bar graphs.  

Error bars were not included due to the small sample size of n=2 in the American River 

and n=4 in the Little Naches River.  Also, estimates of variance about the mean were not 

available for the 1990 and 1992 surveys.  In addition, a certain degree of reach variability 

is expected, particularly in the Little Naches reaches.  All units that were classified as 

braided habitat in 2001, were included as riffles, in order to compare back to the 1990 

Little Naches and 1992 American River surveys. 

Principal Components Analysis 

The intent of the Little Naches and American River comparison was not to establish 

statistically significant differences, but to create a general reference of natural conditions.  

Principal components analysis (PCA) is a descriptive multivariate technique that allows 

consideration of many observed variables at once.  Consequently, PCA was selected as a 

useful tool to evaluate the 2001 stream survey data (Loveday Conquest, personal 

communication).   
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PCA is used to simplify a large number of observed variables into a smaller number of 

linear combinations of the original variables.  The resulting biplot of PCA is a projection 

of the data onto a new set of axes, such that the maximum amount of variance is 

projected or extracted along the first axis (component one), and the maximum variation 

uncorrelated with component one is projected onto the second axis (component two).  

The first two components usually explain the majority of variance in a given data set, and 

provide a graphical illustration of the data in two-dimensional space (Johnson and 

Wichern 2002).  The biplots of PCA were used to evaluate the grouping and similarity of 

Little Naches and American River reaches, while taking into account a large number of 

observed variables.  Reaches with similar habitat characteristics were expected to group 

closely together and conversely, reaches with different attributes were expected to group 

separately.   

All PCA analyses were performed using S-PLUS statistical software.  Analyses were first 

performed on a variety of individual data sub-sets from the graphical analysis of the 2001 

stream survey data.  The six data sub-sets that explained the highest amount of variance 

were then selected:  1) habitat percentages, 2) LWD quantity, 3) pool cover, 4) pool 

forming agent, 5) median particle size and 6) gravel bars.  Each data sub-set had between 

3 and 6 observed variables.  For these individual PCA analyses, the data sub-sets were 

automatically standardized by using the correlation function of S-PLUS, which sets all 

variances equal.   

Since the first principal component captured the majority of the variance in all data sub-

sets (between 64 and 91 percent), a final weighted matrix was compiled using the loading 

values of each respective component one.  Loading values range from 1.0 (positive 

correlation) to –1.0 (negative correlation).  Standardized scores of all observed variables 

[standardized score  = (raw value – mean)/standard deviation)] were manually calculated, 

in order to account for different units of measure and magnitude within the six data sub-

sets (Loveday Conquest, personal communication).  The loading value for each observed 

variable was multiplied by the standardized score of that variable.  The products of the 
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loading values and standardized scores were then summed for each data sub-set, resulting 

in a single weighted value.  A PCA was then performed on the resulting 6 x 6 matrix, 

where all 6 reaches had one weighted value for each of the 6 data sub-sets.  The relative 

importance of each data sub-set was then evaluated using the loading values from this 

final PCA.   

Cluster Analysis 

Two hierarchical clustering methods, agglomerative and divisive, were performed to 

further investigate and confirm the results of principal components analyses.  These 

cluster analyses were only performed on the final weighted matrix of 2001 stream survey 

data.  Analyses were carried out with S-PLUS statistical software.  The agglomerative 

technique began with all objects (reaches) as separate entities, and then grouped the most 

similar reaches together.  The divisive technique worked in the opposite direction, where 

an initial single group of objects (reaches) was divided into sub-groups based on 

dissimilarity (Johnson and Wichern 2002).   

RESULTS 

Comparison of Little Naches and American Rivers:  2001 

Graphical Analysis 

Habitat percentages and dimensions 

Habitat percentages were calculated by both surface area and count of habitat units.  By 

surface area, the American river had more pool habitat and less riffle habitat than the 

Little Naches.  The American River also had twice the amount of available habitat 

comprised of braided and side channel habitat (Figure 27A).  By count of habitat units the 

American River also had less riffle habitat and greater amounts of braided and side 

channel habitat.  The percent pools was essentially the same in both rivers when 

calculated by count (Figure 27C).   
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The individual reach habitat percentages show variability within and between streams.  

Reach L1 was unique in the high amount of side channel habitat (Figure 27B and D), 

particularly for Little Naches reaches.  Reach L4 had the lowest amount of pool habitat 

by surface area, yet had the highest amount of pool habitat by count, amongst Little 

Naches reaches.  Reach L4 also had the largest percentage of riffle habitat by both 

surface area and count (Figure 27B and D).  No braided habitats were observed in reaches 

1 or 4 of the Little Naches.  American River reaches were similar to each other, except 

for a larger amount of side channel habitat in reach A3.   

The average habitat dimensions (length and width) of pools, riffles and braids were quite 

comparable for both rivers.  However, pools were on average longer and wider in the 

American River (Figure 28A and C).  Average side channel widths were similar (Figure 

28A), but side channels in the American River were on average twice as long (Figure 

28C).  Little Naches reach L1 had the greatest average side channel length (Figure 28D).  

Lengths and widths of riffle units in Little Naches reaches L1 and L4 were greater than 

all other reaches (Figure 28B and D).   

The box plots of pocket pools per riffle were essentially identical at the stream-wide level 

(Figure 29A).  The percentile distributions at the reach level were also very similar, 

except for reach L4, whose interquartile range was 2 to 3 times greater than all other 

reaches (Figure 29B).   

The ratio of side to main channel habitat was greater in the American River at the stream-

wide level (Figure 30A).  At the reach level, reach L1 in the Little Naches had the 

greatest ratio of side to main channel length, followed by the American River reach A3 

(Figure 30B).  These same patterns were reflected in the side channel habitat percentages 

(Figure 27).   

LWD quantity and distribution 

The quantity of all LWD size classes within the bankfull channel was 2 to 3 times greater 

in the American River (Figure 31A).  The number of complexes or jams per 100 m in the 
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American River was also roughly double that of the Little Naches (Figure 31A).  The 

American River reach A5 had the highest occurrence of small and medium pieces, as 

well as jams per 100 m.  Reach A3 in the American River had the highest occurrence of 

large pieces.  Reach L8 had the highest wood loading of the Little Naches reaches, for all 

size classes (Figure 31B).  All Little Naches reaches fell below the USDA Forest Service 

(1990a) standard of 6.2 pieces of medium + large (M+L) LWD per 100 m.  Both 

American River reaches were above the 6.2 pieces per 100 m standard.  The percent 

distribution of LWD between complexes and single pieces was identical at the stream-

wide level (Figure 31C).  Little Naches reach L8 and American reaches A3 and A5 had 

the largest percentages of LWD tied up in complexes (Figure 31D).   

Box plots of each LWD size class per complex showed little difference at the stream-

wide level.  The percentile distributions and medians were almost identical, but the 

magnitude of extreme values was greater for all size classes in the American River 

(Figure 32A).  At the reach level, a similar trend was observed (Figure 32B).  The 

percentile distributions of reaches L1 and L8 in the Little Naches River were most similar 

to the American reaches A3 and A5.  Figure 32B also revealed that the majority of 

extreme values (large LWD jams) in the Little Naches River were contained in reach L8.   

The total number of LWD pieces per complex showed identical percentile distributions at 

the stream-wide level (Figure 32C).  Again, the magnitude of extreme values was greater 

in the American River.  The reach level box plots of total LWD pieces per complex 

showed a similar trend, with Little Naches reaches L1 and L8 most closely matching the 

American River reaches (Figure 32D).   

Pool parameters 

Box plots showed that the percentile distribution of total pool cover was slightly greater 

in the American River (Figure 33A).  Reaches L1, L4 and L7 of the Little Naches all had 

less pool cover than the reference reaches.  However, reach L8 exhibited a percentile 

distribution that was equal to or greater than the American River reaches (Figure 33B).  
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LWD was the dominant cover type for both the Little Naches and American Rivers at 

both the stream-wide and reach levels (Figure 33C and D).  All Little Naches reaches 

(except reach L8), had lower averages of total cover per pool and larger percentages of 

pools with no cover (Figure 33D).   

The residual pool depth was greater in the American River at both the stream-wide and 

reach levels (Figure 34A and B).  Residual pool depth was almost identical in the 

American River reaches, but the Little Naches reaches showed more variability.  Reach 

L4 had the largest percentile range, but the data were right skewed towards smaller 

residual depths.  Reach L8 had the largest median value of residual depth (Figure 34B).   

The amount of pool habitat (by surface area) created from LWD was identical at the 

stream-wide level (Figure 34C).  However, the majority of pool habitat in the American 

River was associated with meander bends, while the majority of pool habitat in the Little 

Naches River was associated with bed (mid-channel scour) (Figure 34C).  At the reach 

level, Little Naches reaches L1, L4 had the highest amount of pool area formed by mid 

channel scour.  Reach L8 of the Little Naches and reach A5 of the American had the 

largest percentages of LWD formed pool habitat (Figure 34D).  Reach L4 had the only 

pools formed by weir structures (just downstream of the salmon falls fish ladder).  The 

percent of pool area formed by meander bends was quite similar in all reaches except 

reaches L1 and L4 of the Little Naches (Figure 34D).  Reach L1 had no pool habitat 

associated with meander bends.   

Surface substrate composition and grain size 

The visual estimates of surface substrate distribution (for all habitat types) in the both the 

American and Little Naches Rivers were dominated by gravel (2-64 mm) and cobble (64-

256 mm).  However, the Little Naches had an equal distribution between gravel and 

cobble, whereas the American River was dominated by gravel (Figure 35A).  Similar 

patterns were observed at the reach level, where reach L4 had the lowest percentage of 
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gravel substrate (Figure 35B).  Other differences observed were more boulder substrate 

and less fines in the Little Naches River (Figure 35A). 

The median grain sizes of D15, D35, D50 and D84 from Wolman pebble counts (taken in 

riffles) were larger for all cases in the Little Naches River, particularly the D84  grain size 

(Figure 35C).  The reach level analysis revealed that reaches L1, L4 and L7 were largely 

responsible for the larger D84 values in the Little Naches.  Reaches L1 and L4 were also 

larger than all other reaches in the D35 and D50 grain sizes.  The D50 median grain sizes in 

reaches L1, L4 and L7 all fall into the lower range of cobble (64-256 mm).  The D50 

median grain sizes in reaches L8, A3 and A5 all fall into the gravel size range (2-64 mm) 

(Figure 35D).   

Bankfull and floodplain characteristics 

The average bankfull depth and width to depth ratio was nearly identical at the stream-

wide level, but the floodprone width was greater in the American River (Figure 36A).  

Reach L8 of the Little Naches and reach A3 of the American had the widest average 

floodprone widths (Figure 36B).  Average bankfull depth, maximum bankfull depth and 

floodprone depth were all very comparable at both the stream-wide and reach levels 

(Figure 36C and D).  The ratio of floodprone width to bankfull width or entrenchment, 

was greatest in reach L8 of the Little Naches and reach A3 of the American (Figure 36D).   

Gravel bar dynamics 

In the Little Naches River, roughly 80% of the gravel bars were vegetated and 20% were 

unvegetated.  In the American River, the opposite trend emerged, with 20% vegetated 

and 80% unvegetated (Figure 37A).  At the reach level, a similar pattern was observed.  

However, in reaches L1 and L4 of the Little Naches, less than 2% of gravel bars were 

vegetated.  Reach L7 and particularly reach L8, were the closest to the American River 

reference reaches in the distribution of vegetated and unvegetated gravel bars (Figure 

37B).  The majority of vegetated gravel bars in the Little Naches River had vegetation 

between 1.5 and 3.0 meters high.  Conversely, the majority of vegetated gravel bars in the 
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American River had vegetation less than 0.6 m high (Figure37C).  Reaches L1 and L4 

were the only reaches in which the majority of vegetation on gravel bars was greater than 

3.0 meters.  Once again, reach L8 most closely resembled the patterns of the American 

River at the reach level (Figure 37D).   

The percentile distributions of gravel bar surface area were almost identical for 

unvegetated bars at the stream-wide level, yet more variable at the reach level (Figure 

38A and B).  The median values of vegetated bar size were similar in both streams, but 

the interquartile range was greater in the Little Naches (Figure 38A).  The percentile 

distributions and median values of reach L8 were similar to those of the American river 

reaches (Figure 38B and C).  Vegetated gravel bar size was greatest in reaches L1, L4 

and L7 of the Little Naches River (Figure 38C).   
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Figure 27.  (A) Stream-wide and (B) reach level comparison of habitat type percentages calculated using surface area.  (C) Stream-
wide and (D) reach level comparison of habitat type percentages calculated using the count of habitat units. 
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Figure 28.  (A) Stream-wide and (B) reach level comparison of average habitat unit width (m).  2001 habitat widths are weighted by 
length (Table 7).  (C) Stream-wide and (D) reach level comparison of average habitat unit length (m).   
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Figure 29.  Boxplots of pocket pools per riffle for (A) stream-wide and (B) reach level 
comparison.   Circles are outliers and asterisks are extremes.   
 
 
 
 
 

 

 

 

 

 

 

Figure 30.  The ratio of side to main channel length in the American  and Little Naches 
Rivers, 2001:  (A) stream-wide and (B) reach level comparison.  
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Figure 31.  (A) Stream-wide and (B) reach level comparison of LWD counts for small, medium and large pieces per 100 m.  Medium 
+ Large pieces and the number of LWD jams per 100 m are also given.  (C) Stream-wide and (D) reach level comparison of LWD 
percentages found in complexes vs. single pieces.  

D.

C.

0

2

4

6

8

10

12

14

Small Medium Large M+L jams/100m

Pi
ec

es
 / 

10
0 

m

American (N=2) Little Naches (N=4)

0

20

40

60

80

100

Complexes Singles

Pe
rc

en
t

American (N=2) Little Naches (N=4)

Reach

0
2
4
6
8

10
12
14
16
18
20

Small Medium Large M+L jams/100m

Pi
ec

es
 / 

10
0 

m

A3 A5 L1 L4 L7 L8 Reach

0

20

40

60

80

100

Complexes Singles

Pe
rc

en
t

A3 A5 L1 L4 L7 L8

85 



 86
 

 

 

 

A. 
 

 

 

 

 

 

 

B. 
 
 
 
 
 
 
 
 

Figure 32.  Box plots of LWD pieces per complex (by size class) for (A) stream-wide and (B) reach level comparison.  Box Plots of 
total pieces of LWD per complex for (C) stream-wide and (D) reach level comparison.  Circles are outliers and asterisks are extremes. 
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Figure 33. Box plots of total percent cover per pool for (A) stream-wide and (B) reach level comparison.  (C) Stream-wide and (D) 
reach level comparison of percent pool cover distribution in the following categories:  LWD, overhanging vegetation, undercut bank 
and surface turbulence.  The average total cover per pool (% per pool) and the percent of pools that had no cover are also given.   
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Figure 34.  Box plots of residual pool depth (m) for (A) stream-wide and (B) reach level comparison.  Circles are outliers and asterisks 
are extremes.  (C) Stream-wide and (D) reach level comparison of pool forming agent distribution (by surface area) in the following 
categories:  bed (mid-scour), LWD, Weirs, and meander bends.  
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Figure 35.  (A) Stream-wide and (B) reach level comparison of surface substrate percentages from visual estimates in the sand (SA), 
gravel (GR), cobble (CO), boulder (BO) and bedrock (BR) categories.  See methods section for substrate size definitions.  (C) Stream-
wide and (D) reach level comparison of median particle sizes (D15, D35, D50 and D84) from Wolman pebble counts.   
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Figure 36.  (A) Stream-wide and (B) reach level comparison of average bankfull width (BFW), floodprone width (FPW) and bankfull 
width/bankfull depth ratio (BFW/BFD).  (C) Stream-wide and (D) reach level comparison of average bankfull depth (BFD), maximum 
bankfull depth (MBFD), floodprone depth (FPD), and floodprone width/bankfull width ratio or entrenchment (FPW/BFW).   
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Figure 37.  (A) Stream-wide and (B) reach level comparison of percent gravel bar distribution between unvegetated and vegetated  
gravel bars.  (C) Stream-wide and (D) reach level comparison of percent distribution for only vegetated gravel bars by average height 
of vegetation (meters).   All gravel bar percentages are calculated using surface area, not counts.   
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Figure 38.  Box plots of (A) unvegetated and vegetated gravel bar size (stream-wide 
level), (B) unvegetated gravel bar size (reach-level) and (C) vegetated gravel bar size 
(reach level).  Circles are outliers and asterisks are extremes.
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Principal Components Analysis 

The biplots of each individual PCA are displayed in Figures 39 – 44.  The data used in 
each analysis are presented in Tables 13 – 18, along with the loadings values of the first 
two principal components.  A conceptual diagram in Figure 45 illustrates the reduction of 
the 25 observed variables from the data sub-sets (6 x 25 matrix) into a 6 x 6 final 
weighted matrix (6 reaches and 6 weighted values).  The weighted scores of each data 
sub-set and loadings of the final PCA are presented in Table 19.  The biplot of the PCA 
on this final weighted matrix is given in Figure 46.   

The PCA on the habitat percentage data explained 70% and 27% of the variance with the 
first two components, respectively.  The first component was evenly weighted by the 
values of pool, riffle and braided habitat, as reflected by the loadings values (Table 13).  
Component two relied heavily on side channel percentages.  Reaches A3 and A5 of the 
American grouped most closely along the first axis (component 1), followed by reaches 
L8 and L7 of the Little Naches (Figure 39).   

The PCA on the LWD quantity data explained 82% and 17% of the variance with the first 
two components, respectively.  The largest loadings values for the first component were 
fairly even between complexes, medium pieces and small pieces per 100 m (Table 14).  
Component two was weighted almost entirely on large pieces per 100 m.  Reaches A3 
and A5 of the American River grouped together along the first axis (component 1), 
followed by reach L8 and then a grouping of reaches L1, L4 and L7 (Figure 40).   

The PCA on the pool cover data explained 64% and 27% of the variance with the first 
two components, respectively.  The first component was most strongly weighted by the 
percent of pools with no cover and percent of LWD cover (Table 15).  Component two 
was most heavily weighted by the percent of overhanging vegetation.  Reaches A3, A5 
and L8 all grouped closely along the first axis, followed by reaches L1, L7 and L4 
(Figure 41).   

The PCA on the pool forming agent data explained 91% and 8% of the variance with the 
first two components, respectively.  The first component was fairly evenly weighted by 
bed (mid-scour), LWD and meander bend values (Table 16).  Component two was most 
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heavily weighted by the percent of pools formed by LWD.  Reaches A3, A5, L8 and L7 
all grouped closely along the first axis, followed by reaches L1 and L4 (Figure 42).   

The PCA on the median particle size data explained 78% and 21% of the variance with 
the first two components, respectively.  The first component was most influenced by the 
D35 and D50 values (Table 17).  Component two was most heavily weighted by the D15 
value.  Reaches A5, L8 and L7 all grouped closely along the first axis, with reach A3 on 
one side and reaches L1 and L4 on the other (Figure 43).   

The PCA on the gravel bar data explained 88% and 10% of the variance with the first two 
components, respectively.  The first component was fairly evenly weighted by all four 
observed variables.  Component two was most heavily weighted by the ratio of 
unvegetated gravel bar surface area to main channel length (Table 18).  Reaches A3 and 
A5 grouped tightly along the first axis, followed by reaches L8, L7, L4 and L1(Figure 44).   

The PCA on the final weighted 6 x 6 matrix of 2001 stream survey data explained 84% 
and 8% of the variance with the first two components, respectively.  The magnitudes of 
loading values for the first principal component were not substantially different, and did 
not reveal one particular data sub-set that explained the majority of the variance 
(Loveday Conquest, personal communication).  However, the data sub-sets listed in order 
of importance as reflected by the loadings of component one were:  1) habitat 
percentages, 2) gravel bar dynamics, 3) LWD quantity, 4) median grain size, 5) pool 
cover and 6) pool forming agent (Table 19).  Reaches A3 and A5 of the American River 
grouped tightly together along the first and second axes.  The next closest reach along the 
first component axis was reach L8 of the Little Naches, followed by reaches L7, L1 and 
L4 (Figure 46).  Cluster Analysis 

Both the agglomerative and divisive hierarchical clustering techniques grouped the Little 
Naches and American River response reaches identically (Figure 47). Reaches A3 and 
A5 of the American River were a sub group, within a larger group of reaches (A3, A5 
and L8).  Reaches L1 and L7 were also a sub-group within a larger group of reaches (L1, 
L7 and L4).  The larger groups of A3, A5, L8 and L1, L7, L4 were grouped separately 
(Figure 47).   
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Table 13.  2001 habitat percentage data (by surface area) used in principal components 
analysis.  The loading values of components 1 and 2 are also given.   

Reach Pool Riffle Braid Side Channel 
L1 32.4 48.7 0.0 18.9 
L4 28.1 71.4 0.0 0.5 
L7 45.5 49.1 0.9 4.4 
L8 48.9 43.2 1.2 6.7 
A3 53.7 27.7 1.9 16.7 
A5 61.6 33.8 1.3 3.3 

Comp 1 loading 0.555 -0.584 0.564 0.183 
Comp 2 loading -0.322 -0.177 -0.163 0.916 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 39.  Biplot of principal components analysis on the 2001 habitat data.  
Components 1 and 2  explained 70% and 27% of the variance, respectively.  
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Table 14.  2001 large woody debris data used in principal components analysis.  The 
loading values of components 1 and 2 are also given.   

 Pieces / 100 m  
Reach Small Medium Large Jams/100 m 

L1 3.9 1.2 0.5 0.6 
L4 1.7 0.6 0.2 0.4 
L7 2.7 1.4 0.6 0.6 
L8 5.9 4.1 1.3 1.3 
A3 10.2 5.2 2.2 2.2 
A5 18.8 9.5 0.9 2.8 

Comp 1 loading 0.528 0.537 0.361 0.551 
Comp 2 loading 0.336 0.250 -0.908 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40.  Biplot of principal components analysis on the 2001 large woody debris data.  
Components 1 and 2  explained 82% and 17% of the variance, respectively.  
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Table 15.  2001 pool cover data used in principal components analysis.  The loading 
values of components 1 and 2 are also given.   

 Pool cover distribution (%)   

Reach LWD 
Over -

hanging. 
vegetation 

Undercut 
bank Turbulence 

Average 
% per 
pool 

% of pools 
with no 
cover 

L1 57.1 42.9 0.0 0.0 7.0 20.0 
L4 40.9 0.0 18.2 40.9 10.0 59.1 
L7 63.2 2.3 27.6 6.9 9.7 37.8 
L8 79.3 12.6 8.0 0.0 26.3 6.9 
A3 84.5 9.2 5.8 0.5 25.1 10.0 
A5 95.5 3.8 0.6 0.0 31.4 10.0 

Comp 1 loading -0.467 -0.131 0.388 0.444 -0.403 0.504 
Comp 2 loading -0.304 0.762 -0.312 -0.163 -0.447 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 41.  Biplot of principal components analysis on the 2001 pool cover data.  
Components 1 and 2  explained 64% and 27% of the variance, respectively.  
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Table 16.  2001 pool forming agent data used in principal components analysis.  The 
loading values of components 1 and 2 are also given.   

Reach Bed (mid-scour) 
(%) 

LWD  
(%) 

Meander Bend 
(%) 

L1 100.0 0.0 0.0 
L4 75.4 5.7 9.7 
L7 48.3 11.7 40.0 
L8 32.9 22.1 45.0 
A3 40.8 11.3 48.0 
A5 34.0 26.4 39.6 

Comp 1 loading -0.601 0.557 0.574 
Comp 2 loading -0.131 -0.777 0.616 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 42.  Biplot of principal components analysis on the 2001 pool forming agent data.  
Components 1 and 2 explained 91% and 8% of the variance, respectively.  
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Table 17.  2001 median particle size data used in principal components analysis.  The 
loading values of components 1 and 2 are also given.   

Reach D15 (mm) D35 (mm) D50 (mm) D84 (mm) 
L1 18 55 80 180 
L4 34 66 91 168 
L7 17 44 70 153 
L8 23 43 58 111 
A3 13 33 46 89 
A5 27 47 58 94 

Comp 1 loading 0.394 0.557 0.556 0.475 
Comp 2 loading -0.777 -0.136 0.187 0.586 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 43.  Biplot of principal components analysis on the 2001 median particle size data.  
Components 1 and 2 explained 78% and 21% of the variance, respectively.  
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Table 18.  2001 gravel bar data used in principal components analysis.  The loading 
values of components 1 and 2 are also given.   

 Gravel bar distribution (%) Ratio of gravel bar surface area / 
main channel length (m2/m) 

Reach Unvegetated Vegetated Unvegetated Vegetated 
L1 1.2 98.8 0.3 22.4 
L4 0.6 99.4 0.1 16.7 
L7 12.5 87.5 2.2 15.4 
L8 34.2 65.8 3.2 6.1 
A3 78.4 21.6 8.0 2.2 
A5 91.6 8.4 2.4 0.2 

Comp 1 loading -0.522 0.522 -0.436 0.514 
Comp 2 loading 0.277 -0.277 -0.898 -0.198 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 44.  Biplot of principal components analysis on the 2001 gravel bar data.  
Components 1 and 2  explained 88% and 10% of the variance, respectively. 
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Figure 45.  Conceptual diagram showing the reduction of 25 observed variables (6 x 25 matrix) into a 6 x 6 matrix, with a single score 
for each data subset.  The 6 data subsets are:  habitat percentages (H.P.), large woody debris (L.W.D.), pool cover (P.C.), pool forming 
agent (P.F.A.) or hydraulic control, particle size (P.S.) and gravel bars (G.B.).   101
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Table 19.  Final weighted matrix of the 2001 stream survey data, used in principal 
components analysis.  Each data subset now has a single score (see methods for 
calculation).  The loading values of components 1 and 2 are also given.   

Reach Habitat LWD Pool 
Cover 

Pool Forming 
Agent 

Particle 
Size 

Gravel 
Bars 

L1 -1.07 -1.29 -0.20 -2.59 1.12 1.98 
L4 -2.58 -1.83 3.14 -1.44 2.73 1.69 
L7 -0.19 -1.30 1.50 0.36 -0.10 0.98 
L8 0.48 0.13 -1.24 1.43 -0.74 -0.27 
A3 2.03 1.61 -1.27 0.73 -2.46 -2.39 
A5 1.33 2.68 -1.93 1.50 -0.56 -2.00 

Comp 1 loading 0.437 0.416 -0.387 0.368 -0.410 -0.427 
Comp 2 loading 0 0.107 -0.620 -0.758 0 0.143 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 46.  Biplot of principal components analysis on the final weighted matrix, created 
from 2001 data subsets.  Components 1 and 2 explained 84% and 8% of the variance, 
respectively.  

Comp.1

C
om

p.
2

-0.5 0.0 0.5

-0
.5

0.
0

0.
5

A3
A5

L1

L4
L7

L8

-2 -1 0 1 2 3

-2
-1

0
1

2
3

HabitatLWD
P.size

Pool.cover

G.bars

Pool.forming

LWD 
Habitat 



 103

 
 

 

 

 

A. 
 

 

 

 

 

 

 

 

 

 

 

 

B. 
 

 

 

 

 

 

Figure 47.  Results of two multivariate cluster analyses applied to the final weighted 
matrix of 2001 stream survey data:  (A) agglomerative and (B) divisive.  Both methods 
cluster the reaches identically.  
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Little Naches River:  1990 – 2001 

Habitat changes: 1990 - 2001 

Overall, primary pool habitat increased while riffle habitat declined in the Little Naches 

response reaches (Figures 48 and 49).  An increase in pool habitat is evident whether 

using calculations by surface area or count (Figure 50).  Glide habitat did not change 

dramatically over the 11 year period (Figure 49), except in reach L1 which had 14% glide 

habitat in 1990, but none in 2001.  The amount of side channel habitat decreased slightly 

in all reaches except reach L7 (Figure 49C).   

LWD changes: 1990 – 2001  

Overall, the LWD counts for all combined response reaches showed a decrease in small 

pieces, and an increase in the both medium and large pieces (Figure 51A).  On a reach by 

reach basis, the total LWD (Small + Medium +Large) increased substantially in reaches 

L1 and L4, and just slightly in reach L8 (Figure 51B).  The total count of LWD in reach 

L7 went down (Figure 51B), mainly due to a decrease in small pieces (Figure 52C).  

Statistical comparisons between survey years could not be made because the 1990, 1991 

and 1997 estimates of variance were unknown (Loveday Conquest, personal 

communication) 

The most distinct increase in LWD loading occurred in reaches L1 and L4 (Figure 52A-

B).  Reach L1 showed a marked increase in all size classes.  Reach L4 also showed 

dramatic increases, particularly in the small and large size classes (Figure 52B).  Reach 

L7 showed the largest decrease of LWD in the small size class, yet medium and large 

pieces stayed roughly the same (Figure 52C).   

Counts of medium + large pieces that count towards the USDA Forest Service standard 

of 6.2 pieces per 100 m were compared across all survey years (1990, 1991, 1997 and 

2001).  Keep in mind that reach L1 was not surveyed in 1991 or 1997 and reach L4 was 

not surveyed in 1997. However, the results showed an increase in reaches L1 and L4, 
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while reach L7 remained relatively stable.  The counts in reach L8 vacillated up and 

down, with an overall increase between 1990 and 2001 (Figure 53).   

Surface substrate changes:  1990 – 2001  

In reaches L7 and L8 the percent of embedded stream length decreased by over 50%.  

Reach L4 also showed a decrease, while reach L1 effectively remained the same (Figure 

54).  

Reach L8 contained 83% spawning gravel (SR+MR), the highest of any Little Naches 

reach, but a 1990 value was unavailable to compare to.  A comparison of reaches L1, L4 

and L7 between 1990 and 2001 is given in Figure 55A-C.  All three reaches showed 

increases in spawning sized gravels, (SR +MR).  Consequently, the percent spawning 

area in each reach also increased (Figure 55D).  Percent spawning area was defined as the 

percent of reach surface area comprised of small and medium rubble (SR+MR) (6-

156mm) (Smith 1993).   

 

 

 

 

 

 

 

 

 

 

Figure 48.  Habitat percentage changes in the Little Naches River between 1990 and 
2001.  These percentages include all response reaches (L1, L4, L7, L8) and are calculated 
using surface area.   
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Figure 49.  Habitat percentage changes in the Little Naches River between 1990 and 2001:  (A) reach L1, (B) reach L4, (C) reach L7 
and (D) reach L8.  All percentages are calculated using surface area.     
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Figure 50.  Percent primary pool changes in the Little Naches River between 1990 and 
2001:  (A) by surface area and (B) by count of habitat units.   
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Figure 51.  Large woody debris changes in the Little Naches River between 1990 and 
2001:  (A) pieces per 100 m by size class for all reaches (L1, L4, L7 and L8) and (B) 
count of all size classes (small + medium + large) per 100 m for each individual reach.  
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Figure 52.  Large woody debris per 100 meters in the Little Naches River for years 1990 and 2001:  (A) reach L1, (B) reach L4, (C) 
reach L7 and (D) reach L8.       
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Figure 53.  Pieces of large woody debris per 100 m (medium + large pieces) in the Little 
Naches River for years 1990, 1991, 1997 and 2001.  Reach L1 was only surveyed in 1990 
and 2001.  Reach L4 was surveyed in 1990, 1991 and 2001.   
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 54.  Length of stream embedded (percent) in the Little Naches River between 
1990 and 2001, for reaches L1, L4, L7 and L8. 
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Figure 55.  Substrate changes (MS = Mud & Sand, SR = small rubble, MR = medium rubble, LR = large rubble ) in the Little Naches 
River between 1990 and 2001:  (A) reach L1, (B) reach L4 and (C) reach L7.  (D) Percent spawning area for reaches L1, L4 and L7 
between 1990 and 2001.  Percent spawning area includes the SR (6-76 mm) and MR (76-152 mm) substrate size classes.        
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American River:  1992 - 2001 

Habitat changes:  1992 - 2001 

Both reaches A3 and A5 showed similar patterns of shifting from glide to pool habitat 

over the 9 year period (Figures 56A-B).  Riffle habitat stayed roughly the same in both 

reaches.  Side channel habitat was greater in 2001 for both reaches A3 and A5 (Figures 

56A-B).   

LWD changes:  1992 - 2001 

Total LWD counts (S+M+L) increased systematically in both reaches A3 and A5.  The 

relative magnitude of wood in each reach was consistent between 1992 and 2001.  Reach 

A5 had the highest wood loading in both survey years (Figure 56D).   
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Figure 56.  Habitat percentages (by surface area) and LWD per 100 m  (small + medium + large) in the American River between 1992 
and 2001.        
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DISCUSSION 

Comparison of Little Naches and American Rivers:  2001 

Graphical Analysis 

Habitat percentages and dimensions 

Habitat percentages by surface area and count were provided to illustrate the difficulty in 

interpreting stream survey data, depending on the method of calculation used.  The 

historic analysis between 1935-36 and 1990-92 in the Little Naches and American Rivers 

used a count of pools to monitor change (McIntosh et al. 1994a, 1994b and 2000).  Smith 

(1993) acknowledged that this method may not fully capture physical changes that are 

actually occurring.  The 2001 data from the Little Naches and American Rivers illustrated 

that substantial differences in habitat percentages can result depending on whether 

surface area or the count of units is used (Figure 27).  A comparison by count is only 

valid if all habitat types are the same size, which is generally not the case.  The reaches of 

the Little Naches and American Rivers were influenced unpredictably by the count of 

units method (Figure 27B and D).   

For the purposes of this analysis, habitat percentages by surface area were considered the 

most accurate and reflective of actual habitat conditions.  If this is the case, then the 

pool/riffle ratios and amount of side channel habitat are quite different in the Little 

Naches and American Rivers (Figure 27A).  Reach L8 of the Little Naches was the most 

similar to the American River reaches when considering pool/riffle ratio and side channel 

habitat.  Conversely, reach L4, which has been the recipient of various in-stream 

restoration measures, was the least similar to the American River reference reaches 

(Figure 27B).   

Reaches L1 and L4 of the Little Naches River were unique in a couple of ways.  Both had 

lower percentages of available habitat comprised of pools and neither reach had any 

braided habitat units (Figure 27B).  Reaches L1 and L4 also had riffle habitat units that 



 115

were on average longer and wider than other reaches (Figure 28B and D).  These 

differences are likely influenced by the position of reaches L1 and L4 in the Little Naches 

drainage.  Since they are lower down in the watershed and have the largest contributing 

drainage areas of all reaches surveyed (Table 3), they would be expected to have slightly 

larger channel dimensions.  However, the confinement by Highway 410 in reach L1 

(Figure 7) and the 1900 road in reach L4 (Figure 8) could influence habitat formation, 

and may help explain the lower percentages of pools (Figure 27B), and longer riffle 

habitat units (Figure 28D).   

The larger percentile distribution of pocket pools per riffle in reach L4 was likely 

influenced by the passage rocks (Figure 17) and turning rocks (Figure 18) installed 

during 1986-87.  In 2001, the majority of these large rocks were associated with pocket 

pool habitat.  Rocks of this size were seldom found in the other Little Naches or 

American River response reaches.   

The observations of side channel to main channel ratio (Figure 30A), as well as the total 

percentage of side channel habitat (Figure 27A), revealed an important difference 

between the Little Naches and American Rivers.  The large amount of side channel 

habitat in the American River, relative to the Little Naches, could be very significant 

when considering the different life history stages and habitat requirements of salmonids.  

Off channel and side channel areas have been widely recognized as key components of 

salmonid habitat and refugia (Sedell et al. 1990, Bjornn and Reiser 1991).  In a recent 

review of restoration literature, Roni et al (2002) identified the reconnection of off-

channel and side channel habitats as one of the most effective and long lasting restoration 

strategies.  Reach L4 has had the greatest reduction in side channel habitat and floodplain 

access due to road confinement and dredging activity.  Although the current road 

structure is unlikely to change, further opportunities should be pursued to restore off-

channel and side channel habitat in this area.   

The large amount of side channel habitat in reach L1 of the Little Naches (Figure 27B 

and Figure 30B), is largely explained by one large side channel at the beginning of the 
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reach, and another side channel that actually leaves the Bumping river and extends into 

the Little Naches (Figure 7).  Reach L1 is also the shortest of all response reaches (0.6 

km) (Table 3), which helps explain why the ratio of side to main channel habitat was still 

quite low in the Little Naches River at the stream-wide level (Figure 30A).   

In addition to the quantity of side channel habitat, illustrated in Figures 27 and 30, the 

quality of side channel habitat was generally more complex and diverse in the American 

River.  Typical examples of side channel habitat encountered during the stream surveys 

of 2001 are shown in Figure 57.  There were of course exceptions in both streams, but in 

general, the American River offered a more diverse array of side channel habitat.  The 

most complex side channel areas were generally associated with large collections of 

LWD.  Although these areas were very difficult and challenging to survey, they offered 

excellent cover and rearing habitat for juvenile salmonids.  Some areas were so maze-

like, that a sketch was required to help determine how the side channels would be 

numbered and recorded.  The longest side channels in the American River were 

associated with past channel avulsions, where the abandoned main channel was 

functioning as a side channel.  One such side channel was observed just upstream of the 

confluence with Union Creek.  Analysis of aerial photographs at the Naches District 

revealed that this channel avulsion occurred during the 1996 flood event.  The only 

known channel avulsion during the 1996 flood event in the Little Naches system occurred 

in reach L8, which is depicted in (Figure 11) of chapter 1.  

LWD quantity and distribution 

The 2001 LWD data revealed some interesting observations on both the quantity and 

distribution of LWD within the Little Naches and American River systems.  The 

quantities of all LWD size classes were 2 to 3 times greater in the American River 

(Figure 31A).  The abundance of LWD in the American River and lack thereof in the 

Little Naches could be a result of various influences.  Most significantly, harvest history 

and in-channel LWD removal have directly reduced wood loading in the Little Naches 

River (USDA Forest Service 1994b).  Additionally, the road confinement and loss of 
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Figure 57.  Examples of representative side channel habitat found in the American and 
Little Naches Rivers during the 2001 stream surveys.   
 
floodplain access have reduced lateral channel migration and LWD recruitment.  The 

reduced quantity of LWD in the Little Naches system is likely an explanatory mechanism 

of why there is less pool habitat compared to the American River.  This coincides with 
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LWD (Bisson et al. 1987, Abbe 2000, Buffington et al. 2002).   

One reason to expect higher LWD loading in the American River is the presence of 

numerous steep headwater tributaries that are naturally prone to disturbance and debris 
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watershed (Figure 2), and LWD recruiting debris flows also occur.  One such debris flow 
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occurred during the spring of 2002 and deposited a large amount of sediment and LWD 

into the upper end of reach L8 in the mainstem Little Naches.   

Interestingly, the differences in LWD quantity did not translate into differences in LWD 

distribution.  The percent of LWD contained in complexes vs. single pieces was identical 

at the stream-wide level (Figure 31C), and similar at the reach level (Figure 31D).  In 

addition, box plots showing the percentile distributions of LWD per complex showed 

little difference between the American and Little Naches Rivers (Figure 32A-D), except 

for the size of extreme values (very large complexes).  This suggests that although 

quantity is much lower, the available wood in the Little Naches system has been collected 

and distributed in a similar fashion to the LWD of the American River.   

The boxplots of pieces per complex from the Little Naches and particularly the American 

River, illustrated the non-normal distribution of LWD complexes through the presence of 

multiple outlier and extreme values (Figure 32A-D).  If data are normally distributed, an 

outlier is only expected to be observed 0.07% of the time (Zar 1999).  These non-normal 

distributions coincide with other observations of LWD accumulations in Washington 

state (Fox 2001, Fox et al. 2003).    

Pool Parameters 

The observed differences in total percent pool cover and residual pool depth were likely 

influenced by the quantities of LWD.  Total pool cover and residual pool depth are 

expected to increase as LWD increases (Lisle 1987, Buffington et al. 2002).  The 2001 

stream survey data indeed showed that the American River, which has 2 to 3 times the 

LWD quantity, had higher total percent pool cover and greater residual depths (Figures 

33A-B and 34A-B).  Also, the Little Naches reach with the highest LWD loading (reach 

L8), most closely matched the American River distributions of pool cover (Figure 33B 

and D) and median residual pool depths (Figure 34B).   

The pool forming agent data provided important insight into the character of each reach 

in this study.  The confined nature of reaches L1 and L4 was likely reflected by the high 
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amount of bed formed (mid-channel scour) pools, and the lack of meander bend pools 

(Figure 34D).  In addition, the lower quantities of LWD in reaches L1 and L4 were 

reflected by little or no LWD formed pool habitat.  The less confined nature of Little 

Naches reaches L7 and L8 was likely reflected by the larger percentage of meander bend 

pool habitat.  Reaches L7 and L8 were quite similar to the American River reference 

reaches in the percentage of meander bend pool habitat (Figure 34D).   

Surface substrate composition and grain size 

The visual estimation of surface substrate composition is inherently subject to observer 

bias, particularly when different observers perform the estimates (Pleus 1995, Poole et al. 

1997).  In an effort to minimize observer variability, the same observer surveyed all 

reaches of the Little Naches and American Rivers.  Also, the visual estimates of riffles 

were checked for accuracy by calculating the surface substrate compositions from 

Wolman pebble counts and comparing the two methods (Figure 58).   

 
 
 
 
 
 
 
 
 

Figure 58.  Comparison of surface substrate composition in riffles from visual and pebble 
count methods for the (A) Little Naches and (B) American Rivers, 2001.   
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American River, visual estimates tended to underestimate the amount of gravel and sand, 

while overestimating cobble (Figure 58B).  For the purposes of this study, the pebble 
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in riffle units illustrated and confirmed the presence of more gravel and less cobble in the 

 

0

10

20

30

40

50

60

SA GR CO BO BR

Pe
rc

en
t

Pebble Counts Visual

A.

0

10

20

30

40

50

60

SA GR CO BO BR

Pe
rc

en
t

Pebble Counts Visual

B.



 120

American River system.  Visual and pebble count methods proved useful for larger clasts 

(gravel and cobble), but the levels of fine sediment from these methods should be 

regarded with caution, since both methods are inherently biased against the selection of 

fine sediments (Bunte and Abt 2001).  The McNeil gravel sample data presented in 

chapter two (Figure 24), give a more quantitative and reliable measure of fine sediment.   

The median grain size data revealed important differences within the Little Naches 

reaches.  Once again, reaches L1 and L4 stand out with larger median grain sizes than all 

other reaches (Figure 35D).  Also, the median grain sizes of reaches L7 and L8 were the 

most similar to the American River reference reaches (Figure 35D).   

Bankfull and floodplain characteristics 

The similar bankfull widths and depths at both the stream-wide and reach levels (Figure 

36) are a good indicator that the selected response reaches are similar in channel 

geometry.  This result is encouraging when considering the comparability of these Little 

Naches and American River reaches.  The entrenchment ratios further reveal the 

character of each individual reach.  A low value of entrenchment indicates confinement 

of the floodplain by natural features such as terraces and/or human created obstructions 

such as roadways.  Reaches L1 and L4 in the Little Naches, which were the most 

confined by roads, exhibited the lowest values of entrenchment (most entrenched).  Also 

reach L8 in the Little Naches and A3 in the American had the highest values of 

entrenchment, a positive indicator of floodplain connectivity.  Surprisingly, reach A5 of 

the American River was more entrenched than expected (Figure 36D).  One explanation 

for this observation is that although reach A5 is an unconfined, meandering response 

reach, there are sections that are confined by either the toe of slope, terraces or both.  The 

nature of confinement in reach A5 was not road related.   

Gravel bar dynamics 

The percentages of vegetated and unvegetated gravel bars, as well as the height of 

vegetation on the vegetated bars exposed some important insights into the dynamic nature 
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of the Little Naches and American River reaches.  Unvegetated gravel bars and the height 

of vegetation on vegetated bars are indicators of disturbance.  A dynamic system with 

floodplain connectivity is expected to inundate gravel bars and disturb the vegetation on a 

regular basis.  Not only does the American River have fewer vegetated bars, but the 

vegetation is less established on the vegetated bars that do exist (Figure 37C-D).  This 

indicates that the fluvial dynamics of the American River are very active, continually re-

working and re-depositing gravel bars.  On the other hand, the gravel bars in the Little 

Naches system appear less disturbed, with more vegetated bars and a greater height of 

vegetation on those bars.  A plausible explanation for this situation is that over the years 

the Little Naches River has become more confined and entrenched (Smith 1993).  This 

would result in a less dynamic system in terms of channel migration, floodplain 

connectivity and gravel bar disturbance.  Another possible influence on the gravel bar 

distributions, particularly in reach L4, is that vegetation plantings occurred during the 

1990s.  However, vegetation that is planted manually or by natural means, will be 

disturbed on a regular basis in a geomorphically active reach.   

Assuming the American River provides a useful reference of natural conditions, it 

appears that the dynamic nature of the Little Naches system has been altered, as reflected 

by gravel bar disturbance.  Reach L8 in the Little Naches River, most closely resembled 

the gravel bar percentages (Figure 37B and D) and gravel bar size distributions (Figure 

38B and C) of the American River reference reaches.   

Summary of Graphical Analyses 

The graphical analyses of the 2001 stream survey data revealed various similarities and 

differences between the Little Naches and American River response reaches.  Similarities 

between all reaches were observed in bankfull channel dimensions (Figure 36A-D) and 

the distribution of LWD between complexes and single pieces (Figure 31C-D), as well as 

the pieces of wood per complex (Figure 32A-D).  Although the quantity of LWD was 

much lower in the Little Naches, it appeared that the available wood had been collected 

and distributed in a similar fashion to the LWD of the American River.   
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Beyond these similarities, the American River exhibited a more complex and diverse 

array of habitat and cover for both juvenile and adult salmonids.  Pool and side channel 

habitat were more abundant, and riffle habitat less abundant (Figure 27A).  LWD 

quantity was 3 times greater for small pieces and 2 times greater for medium and large 

pieces.  Pools in the American River had more total cover and deeper residual depths.  

The dynamic and unconfined nature of the American river was illustrated by the amount 

of pool habitat associated with meander bends (Figure 34), comparatively high 

entrenchment ratios (good floodplain connectivity) (Figure 36), and gravel bar dynamics 

(Figures 37 and 38).   

The type of habitat complexity that has been described graphically is illustrated visually 

in Figure 59, which shows a low level aerial photograph of the American River from 

1986.  Unfortunately, more recent photos were not available, but the geomorphic 

character of the river has not changed.  Pool habitat is visible at meander bends 

interrupted by short sections of riffle, in a classic pool-riffle morphology.  Several side 

channels of various length are visible, one flowing in what possibly could have been the 

former main channel.  High LWD loading is evident particularly within the bankfull 

channel, but also in the active floodplain.  Several unvegetated gravel bars are also 

visible, that are likely continually re-worked due to a dynamic flow regime and 

floodplain access.  Unfortunately, a low level flight showing this detail was not available 

for the Little Naches River.  The only reach that approached this type of complexity in 

the Little Naches system was reach L8.  In several of the graphical analyses, reach L8 

appeared to most closely resemble the American River reaches.   

Although various errors could have been introduced during the 2001 stream surveys such 

as observer bias and measurement error, the results appear systematic and consistent.  

The effects of observer bias should be minimized by having the same observer for both 

the Little Naches and American River surveys, strengthening the 2001 comparison.  

Another potential influence on the 2001 survey results was flow at time of survey.  The  
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Figure 59.  1986 aerial photograph that illustrates the complexity of habitat found in the 
American River.  This photograph was taken just downstream of Pleasant Valley 
campground.   
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reaches lower in the watersheds had higher flows because they were surveyed earlier in 

the summer.  Reaches L1, L4, L7 and L8 of the Little Naches had flows of 2.7, 1.2, 0.8 

and 0.2 cms, respectively.  Reaches A3 and A5 of the American River had flows of 1.5 

and 0.4 cms, respectively.  These changes in flow over the course of the 2001 survey, 

should have had a minimal effect on the results.  Habitat percentages are the only metric 

that could be affected by changing flows, and are only expected to be altered in high flow 

conditions.  The range of flows during 2001 were within the expected range of low flows 

for these streams (Bill Garriques, personal communication).  The LWD distribution, pool 

parameters, bankfull dimensions and gravel bar dynamics were independent of the flow 

at time of survey.  

Principal Components Analysis 

Not all of the data sub-sets selected for PCA were independent variables.  For example 

the LWD quantities likely influenced several other sub-sets such as habitat, pool cover 

and pool forming agent.  Both dependant and independent sub-sets were selected because 

the variables that control the characteristics of stream channels are not all independent of 

one another.   

The six data subsets were selected because they explained the largest amount of variance 

in the response reach data set.  A PCA was also run on the bankfull and floodplain data, 

but was dropped from the analysis because the first component only explained 56% of the 

variance.  The number of sub-sets was limited to six, so that the number of observed 

variables in the final weighted PCA would not exceed the number of reaches (Loveday 

Conquest, personal communication).   

The main goal of running PCA on the 2001 stream survey data was data reduction and 

further interpretation and confirmation of the observations made from graphical 

techniques (Johnson and Wichern 2002).  A PCA may not be reasonable for all 

geomorphic or biological data sets, and does not always provide clear interpretation.  

However, the application of PCA to the small data sub-sets and final weighted matrix of 



 125

the 2001 stream survey data appeared to provide meaningful results and expanded 

interpretation (Loveday Conquest, personal communication).   

The PCA biplots contain important interpretive information.  The most valuable 

information is the location of each reach along the first axis (which explains the majority 

of variance).  Also, each observed variable is plotted as a vector.  If these arrows are 

parallel to the first axis, they are strongly correlated with component one.  If these arrows 

are parallel to the second axis, they are strongly correlated with component two.  For 

example, in the biplot of the habitat data (Figure 39), the pool, riffle and braid vectors are 

all nearly parallel to the component one axis.  This means that component one was 

strongly weighted by the observed variables of pool, riffle and braid, which can be 

confirmed by looking at the loadings values of those particular variables (Table 13).  

Likewise, since the side channel vector is most closely parallel to the second axis, 

component two was heavily weighted by the value of side channel habitat.  In addition, 

the cases (reaches) that are strongly correlated with a particular vector will plot near that 

vector.   

The PCA results for each individual subset varied, but a similar trend emerged.  Reaches 

A3 and A5 most often grouped together on the first axis that explained the majority of the 

variance.  Reach L8 was usually the next closest to the American River reaches, followed 

by the other Little Naches reaches.  The PCA on the final weighted matrix encapsulates 

the meat and potatoes, or cornbread and chicken if you prefer, of the 2001 stream survey 

data.  The resulting biplot (Figure 46) summarizes the majority of variance from 25 

observed variables within six data sub-sets.  The common themes observed in both the 

graphical analyses and individual principal component analyses were evident.  The 

reference reaches of the American river grouped tightly together along both axes, and 

were closely associated with the LWD and habitat vectors.  The first principal component 

explained 84% of the variance.  The next closest reach along the component one axis was 

Little Naches reach L8, followed by reaches L7, L1 and L4 (Figure 46).   
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An additional purpose for this PCA approach was to identify which observed variables 

and/or data sub-sets were responsible for the majority of variance in the Little Naches and 

American River response reaches.  The results of PCA on the individual sub-sets and 

final weighted matrix did not reveal any clearly defined variables that explained the 

majority of variance.  Consequently, all data-sets were considered important in 

explaining the variance.  Even so, this exercise did allow a relative ranking of the data 

sub-sets via the loadings of the final weighted matrix (Table 19).  The data sub-sets listed 

in order of relative importance were 1) habitat percentages, 2) gravel bar dynamics, 3) 

LWD quantity, 4) median grain size, 5) pool cover and 6) pool forming agent.  

Under the assumption that the American River provides a useful reference of natural 

habitat conditions, the Little Naches reaches appear to have been altered from that 

condition.  The attributes that have been altered the most can be inferred from the relative 

ranking of the 6 data sub-sets.  If this is the case, reach L8 most closely resembles the 

naturally functioning conditions observed in the reference reaches, followed by reaches 

L7, L1 and L4.  Knowing this information can help direct and prioritize the location and 

type of future restoration efforts in the Little Naches watershed, until natural processes 

are restored as fully as possible.    

Unfortunately, reach L4, which has been the focus of intense restoration work, was 

observed to be the most dissimilar to the American River reaches.  This does not 

necessarily imply that the restoration work has been unsuccessful, only that reach L4 is 

still very different from the reference reaches used in this study.  In addition to a 

comparison to natural reference conditions, the direction and magnitude of change may 

also be important in the restoration of reach L4, as well as other Little Naches reaches.  

The following section (Little Naches River:  1990-2001) addresses change in the Little 

Naches response reaches between 1990 and 2001.   
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Cluster Analysis 

When interpreting cluster analyses, it is useful to have an idea or expectation of how the 

data should be grouped (Cliff Lunneborg, personal communication).  Given the results of 

the graphical analysis and PCA, reach L8 was expected to be the most similar to the 

American River reference reaches, followed by reaches L7, L1 and L4.  Both the 

agglomerative and divisive cluster analyses on the final weighted matrix confirmed those 

expectations (Figure 47).  Cluster analyses were only performed on the final weighted 

matrix because it summarized the majority of variance in the entire 2001 stream survey 

data set.   

Little Naches River:  1990 – 2001 

Habitat changes:  1990-2001 

Given the difficulties in comparing between survey years, only large changes in habitat 

composition between 1990 and 2001 are likely to be observed.  Very small changes could 

easily be within the range of error inherent in comparing between years with different 

observers and/or inter-annual variability (Poole et al. 1997, Roper and Scarnecchia 1995, 

Pleus 1995).  Only the 1990 and 2001 surveys were included in habitat comparisons 

because they cover the time frame of interest and were the only surveys that measured all 

habitat units.  Consequently, the comparison between the 1990 and 2001 should provide 

the most reliable changes in habitat distribution over the time frame of this study.   

Even so, habitat comparisons can be hampered by several factors.  Some observers tend 

to lump, while other observers split habitat units.  However, a calculation by surface area 

should reduce the effects of lumping or splitting habitat types.  Percentages by count 

would be more susceptible to the lumper/splitter dilemma.  A lumper is likely to identify 

fewer habitat units than a splitter, but the end surface area of each habitat type should 

come out about the same.  This turned out to be the case for test reaches surveyed during 

the 2001 and 2002 USDA Forest Service region 6 stream survey training.   
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In addition, different flow levels at the time of survey can influence habitat percentages.  

For example, pools are more clearly identified at low flows (Beechie and Sibley 1991) 

and can be less distinguishable or washed out at high flows.  This should only be a 

concern if flows between survey years are drastically different.  Although flows were 

consistently lower in 2001 vs. 1990 (Figure 60), the differences likely only caused small 

changes in stream depth.  Both the 1990 and 2001 flows appear to be in the range of low 

flow conditions expected for these reaches (Bill Garrigues, personnel communication).  
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Figure 60.  Flow at time of survey (cms) in the Little Naches River during the 1990 and 
2001 surveys.   
 
As stated in the methods section of this chapter, glides in the 1990 survey protocol were 

sometimes used synonymously with pools.  In the Little Naches 2001 survey, 93% of the 

habitat units identified as glides were also classified as pools.  Therefore, it is likely that 

the change in glide habitat in reach L1 (Figure 49A) reflects a change in protocol instead 

of a true change in habitat conditions.   

The changes in side channel habitat (Figure 49A-D) were relatively small and could 

possibly be explained by observer bias (Pleus 1995) or inter-annual variability.  Also, 

since flows were lower in 2001 (Figure 60), side channel habitat could have been 

reduced.  An example of this was observed in reach L1 when two of the side channels 

that connected to the main channel at the time of the 2001 survey, were no longer 
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connected later in the fall, and would not have been counted at that time.  It is unlikely 

that any management activities would have reduced side channel habitat between 1990 

and 2001.  The 1900 road and dikes which currently confine the channel and preclude 

access to off channel areas were also present in 1990.   

As stated in the graphical analysis of the Little Naches and American River 2001 data, 

side channel habitat was a critical difference between these two streams.  Since the 

reconnection of side and off channel habitat has been identified as one of the most 

effective and long lasting restoration strategies (Roni et al 2002), opportunities should be 

pursued in the Little Naches basin to reconnect off channel and side channel habitat 

where feasible.  Reaches L1 and L4 have had the greatest reduction in off-channel habitat 

and floodplain access.   

The 1990 percent primary pool habitat was presented by surface area (Ehinger 1990) and 

by count (Smith 1993).  Smith used the percent by count in order to compare to the 

historic 1935-36 surveys.  The changes in pool habitat between 1990 and 2001 are given 

by both surface area and count (Figure 50).  The calculation by pool surface area is 

expected to be the most reflective of true habitat change, which showed an increase in 

pool habitat for all Little Naches response reaches (Figure 50A).  The percentages of pool 

habitat by count also showed a similar increasing trend, except in reach L8, where pool 

habitat was constant (Figure 50B).  However, the magnitude of percent pools was much 

greater by count than by surface area, further illustrating the difficulty of comparing the 

two methods.  Regardless, both methods showed a positive increase in pool habitat.   

Smith (1993) indicated that recovery in the Little Naches system was cyclical between 

1935 and 1990, and could once again be initiated if land management activities in the 

basin were curtailed and/or modified.  Since that time, activities such as timber harvest 

and road building have decreased dramatically, and several watershed restoration projects 

have been initiated.  While the observed increases in pool habitat occurred concurrently 

with decreased management and increased restoration measures, they cannot be directly 

attributed to these causes.  It is very likely that the floods of 1990 and 1996 played a 
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major role in restructuring these response reaches, which could have increased pool 

habitat.   

Field observations revealed that the measured increase of pool habitat in reach L4 was a 

result of natural processes rather than active management.  In 1990 the installed log v-

weirs were creating primary pool habitat (Figure 15A, chapter 2).  However, in 2001 no 

primary pools were associated with the log v-weirs (Figure 15B, chapter 2) or any other 

in-stream structure.  This indicates that any observed increase in pool habitat must have 

occurred through means other than in-stream manipulation.  Since the majority of reach 

L4 is confined by the 1900 road, or by dikes from the 1970s dredging, changes in pool 

habitat were expected to be minimal.  However, in the one area of reach L4 that was not 

confined, drastic habitat and channel changes occurred.  Channel migration (illustrated 

and quantified in chapter 5) recruited a series of large trees into the channel.  During the 

2001 survey, the deepest and most complex primary pool habitat was associated with this 

newly recruited LWD.   

LWD changes:  1990 - 2001 

The 1990 and 1991 LWD counts were multiplied by the correction factors given in Table 

11 of the methods section in this chapter.  The total LWD (small + medium + large) 

values from 1990 and the medium +large values from 1991 are a sum of the corrected 

size class values.  It should be noted that the correction factors are subject to error, since 

only a 100 m test reach was used.  Despite efforts to account for protocol changes, the 

LWD comparisons between years should still be regarded with caution and are not 

statistically valid.   

When considering the pieces of LWD that count towards the USDA Forest Service 

standards and guidelines (medium + large pieces) a relatively stable pattern was observed 

in reach L7, yet the counts in reach L8 vacillated up and down (Figure 53).  If the data 

are accurate, these two different trends in adjacent reaches illustrate the unpredictable 

nature of LWD transport.  An unknown amount of LWD could be transported and/or 
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deposited in each reach.  LWD can also be completely buried by deposition or removed 

from the bankfull channel and stranded on the floodplain (Abbe 2000).  In addition, 

unknown quantities of LWD can be recruited to the channel via windthrow, channel 

migration or debris flows (Carl Davis, personal communication).  A debris flow during 

the spring of 2002 delivered a large quantity of LWD and sediment to the channel at the 

upper end of reach L8, which will likely affect future LWD counts.    

The dynamic and unpredictable nature of LWD was further evidenced by the 

redistribution of large complexes in the Little Naches River.  Two extensive log jams 

reported at the beginning of reaches L7 and L8 in 1990 (Ehinger 1990) were not present 

during the 2001 survey.  These collections of LWD were likely distributed to downstream 

reaches during high flow events.  New accumulations of LWD not present in 1990, were 

also observed in reach L8 of the Little Naches.   

The increase of LWD in reach L4 appeared to be correlated with channel migration and 

LWD recruitment that occurred during the 1996 flood.  In 2001, 40% of the total LWD in 

reach L4 was associated with complexes of wood brought into the channel during the 

1996 flood event.  In 2002, these same complexes were observed to be retaining even 

more wood that normally would have continued downstream.   

Surface substrate changes:  1990-2001 

Smith (1993) reported a net decrease in spawning gravels for reaches L1, L4 and L7 of 

the Little Naches River between 1935 and 1990.  Smith hypothesized that excessive fine 

sediment supplies had created an embedded condition of the larger substrates, leaving 

spawning sized gravels more susceptible to transport.  Coupled with an increase in gravel 

transporting flows between 1940 and 1980, these conditions appeared to result in the net 

export of gravel between 1935 and 1990 (Smith 1993).  In light of this historic analysis, 

the increased spawning gravels in reaches L1, L4 and L7 between 1990 and 2001 (Figure 

55) are encouraging.  One possible explanation for the increased spawning gravels is that 

the flood events of 1990 and 1996 were effective in breaking up the embedded condition 
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reported by Smith (1993), which encouraged gravel re-distribution and recruitment.  

Spawning sized gravels are often associated with the tail-out features of pools.  With this 

in mind, the increased gravel availability also appears to coincide with the observed 

increases in pool habitat between 1990 and 2001 (Figure 50).   

In addition, it is important to consider the influence of LWD and hydraulic roughness on 

surface substrate size.  Increases in LWD and hydraulic roughness generally lead to bed 

surface and textural patch fining (Buffington 1998, Buffington and Montgomery 1999).  

With this in mind, the observed increases of LWD (Figure 52) are encouraging, 

particularly for reach L4, which has less percent spawning gravel than all other Little 

Naches reaches (Figure 55D).   

The embedded condition of the larger surface substrates in the Little Naches system was 

apparently quite obvious in 1990, creating a look of pavement that was common in all 

reaches (Smith 1993, Robert Wissmar, personal communication).  In 2001 the embedded 

condition certainly did exist in places, but judging from the 1990 descriptions, was not as 

prevalent.  The observed decreases of embeddedness in reaches L4, L7 and L8 (Figure 

54) support the hypothesis that the 1990 and 1996 floods were effective at mobilizing the 

bed and flushing out fine sediments.  These sediments could have been re-distributed 

downstream or deposited in the floodplain.  In 2001 deposits of fine sediment on the 

floodplain and large gravel bars were particularly evident in reach L4.  Deposition of fine 

sediments onto the floodplain would coincide with the McNeil sediment data presented in 

chapter two, which showed a decreasing trend of in-stream fine sediments between 1990 

and 2001 (Figure 24).  As with other stream survey variables, embeddedness is subject to 

observer bias (Wang 1996).  However, considering the observed reduction of percent 

stream length embedded and the qualitative descriptions reported from the 1990 survey, 

the decrease in embeddedness appears to be real.  

Additional factors that could have led to the embedded substrate conditions observed in 

1990 are an apparent lack of flushing flows coupled with intensive road building and 

harvest during the 1980s.  Since the Little Naches gage data are incomplete, the 
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American River is the best, albeit imperfect, indicator of flood frequency.  Several large 

events were recorded in the American river prior to 1980, but the occurrence of high flow 

events decreased during the 1980s (Figure 61).  The amount of time between bed load 

transporting events can affect the amount of fine sediment that accumulates in gravel 

beds (Lisle 1989, Beschta and Jackson 1979).  In addition, approximately 46% of the 

Little Naches road system was constructed during the 1980s, which could have 

exacerbated fine sediment production during a period of low peak flows.  Again, the high 

flow events of the 1990s were likely effective at mobilizing surface substrates and 

redistributing and/or flushing out fine sediments.   
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Figure 61.  Annual peak flows (cms) in the American River between 1940 and 2001.   
Date from USDI Geological Survey (2002), site 12488500.   
 
The cyclical patterns observed in the Little Naches watershed between 1935 and 1990 

were used to hypothesize that habitat recovery could once again be initiated if 

management activities were curtailed and/or modified (Smith 1993).  The 1990-2001 

increases in pool habitat, LWD and spawning gravel, accompanied by a decrease in 

embeddedness, indicate that habitat conditions are once again improving in the Little 

Naches River.  Although the conditions are not equivalent to those observed in the 

American River reference reaches, the direction of change is encouraging.   
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American River:  1992 – 2001 

Habitat changes:  1992 - 2001 

At the time of the 1992 USDA Forest Service survey, the protocol still called for a visual 

estimation of habitat lengths and widths, with dimensions only being measured at every 

nth habitat unit (Hankin and Reeves 1988).  The measured units were then used to correct 

the estimated lengths and widths.  However, the length and width correction factors are 

listed as 1.00 for all reaches in the 1992 American River survey (USDA Forest Service 

1992), which suggests that all habitat units were measured in 1992.   

Fortunately, the 1992 survey reported habitat percentages calculated by surface area, 

which makes for a straightforward comparison.  The shift from glide to pool habitat in 

both reaches A3 and A5 (Figure 56) was likely an artifact of changing stream protocol, 

instead of significant changes in habitat conditions.  As illustrated in the methods section 

of this chapter, glides were sometimes used synonymously with pools in former surveys 

(Figure 26B).  During the 2001 survey, glide habitat units that truly fit the requirement of 

having neither residual depth nor a hydraulic control (Figure 26A) were very rare.  A true 

glide with no hydraulic control would have been called a riffle in the 2001 survey 

protocol.  In the 2001 American River survey, only 12% of units identified as glides were 

also classified as riffles.  The remaining 88% were classified as pools.  Given this 

observation, it is likely that most glides in 1992 would have been classified as pools with 

the 2001 protocol.  Therefore, a shift in distribution from glide to pool habitat due to 

protocol changes would be expected.  These results correspond with discussions held at 

the 2001 USDA Forest Service stream inventory training, where it was advised that most 

habitat units that were formerly classified as glides, should now be classified as pools 

(Mike Sheehan, personal communication).   

One possible explanation for the observed increase in side channel habitat between 1992 

and 2001 (Figure 56) is the flood of 1996.  In 2001, the longest side channels were 

generally associated with past channel avulsions, where the abandoned main channel had 
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formed a side channel.  One such side channel was observed just upstream of the 

confluence with Union Creek.  Analysis of aerial photographs at the Naches District 

revealed that this particular channel avulsion likely occurred during the 1996 flood event.  

Channel avulsions and/or migration that created side channels could have happened 

elsewhere in reaches A3 and A5, but were not confirmed by aerial photographs.  In 

addition, LWD was likely recruited to the channel and re-distributed during the 1996 

event, which could also cause an increase in side channel habitat.  Other possible 

explanations include survey error, flow at time of survey or simply the dynamic character 

of these reaches.   

The only flow reported in 1992 was a flow of 1.33 cms in reach A1, which compares to a 

flow of 3.48 cms in reach A1 during the 2001 survey.  This is important, because flows in 

reaches A3 and A5 were likely much lower in 1992 as well.  This could be another reason 

affecting the habitat conditions observed in 1992 and 2001.  In particular, side channel 

habitat can either dry up, or become disconnected from the main channel in low flow 

years, which could be another reason less side channel surface area was observed in 1992 

(Figure 56).   

LWD changes:  1992 - 2001 

As explained in the methods section of this chapter, only a comparison of total LWD 

(small + medium +large) was made for the American River between 1992 and 2001.  The 

1996 flood event could have been responsible for the observed increases in LWD (Figure 

56D).  LWD was likely recruited to and re-distributed throughout the American River 

reaches.  Even so, it appeared that the American River response reaches had very high 

wood loading, regardless of the survey year.    
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CHAPTER 4:  HYDROLOGIC CROSS-SECTION SURVEYS 

INTRODUCTION 

Hydrologic cross-section surveys of channel geometry, channel migration and floodplain 

characteristics have been conducted across the Wenatchee National Forest since 1993.  

These surveys began as a functional component of an integrated ecosystem assessment.  

Response reaches as defined by Montgomery and Buffington (1993 and 1997) were 

selected as indicators of watershed processes within the upstream drainage area (Robison 

and Barry 2001).  In order to accomplish objective five listed in chapter one of this study, 

cross section surveys that were conducted in the Little Naches River during 1994 and 

1996, were repeated in 2001.  The original data and results of the 1994 and 1996 surveys 

for several streams across the Wenatchee National Forest were reported in Robison and 

Barry (2001).  For this study, the main purpose of the 2001 re-survey effort was to 

complement stream survey interpretations and enhance the ability to interpret both 

channel and habitat changes within the response reaches of the Little Naches River.  In 

review, objective five was to:  

5) Evaluate channel changes in response reaches of the Little Naches River between 

1994 and 2001.   

In 2001 reaches L4, L7 and L8 were re-surveyed.  Reach L8 experienced a channel 

avulsion in 1996 (Figure 11), and the original 1994 cross-sections were abandoned.  A 

new series of cross-sections were surveyed for reach L8 in 1996, which were then re-

surveyed in 2001.  In reaches L4 and L7 the same cross-sections were surveyed in all 

years (1994, 1996 and 2001).  Reach L1 was not surveyed in any of the years.  No cross-

sections have been established for the American River reference reaches.   

METHODS 

The cadastral survey techniques established by Emmett (1972 and 1975), and as outlined 

by Harrelson et al. (1994) were used to provide information on channel geometry, 
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channel migration and floodplain characteristics.  Thirteen or fourteen cross-sections 

were established in each reach approximately one bankfull width apart, and were 

surveyed from a permanent monumented benchmark.  Since the original cross-sections of 

reach L8 were abandoned in the 1996 flood event, only 7 new cross-sections were 

established in 1996 and re-surveyed in 2001.  A Wolman pebble count of 100 clasts was 

used to sample riffle substrate within the reach (Wolman 1954).  The hydrologic cross-

section surveys do not include the entire length of stream survey reaches, but were 

established in representative sections of each reach.  The 1996 surveys were conducted in 

the summer after the February 1996 flood event.   

Common features at outer bends were used to calculate channel migration rate in meters 

per year for the following time periods:  1994-1996 and 1996-2001.  Plan view maps of 

each individual year were prepared to visually display the channel migration of each 

reach.  Scour and fill were measured using thalweg elevations.  Net scour/fill was 

calculated using the cumulative sum of the thalweg elevation differences between years.  

Bankfull dimensions of width, depth and cross-sectional area (XSA), water surface slope, 

sinuosity and median D50 grain size were also computed.   

RESULTS 

Little Naches River:  1994, 1996 and 2001 

Reach L4 

Bankfull dimensions of width and XSA increased after the 1996 flood.  Water surface 

slope decreased slightly, with a corresponding increase in sinuosity.  The riffle substrate, 

as measured by Wolman pebble counts, coarsened between 1994 and 2001 (Table 20).  

The average channel migration rates in reach L4 of 1.81 and 0.17 m/yr were the largest 

values in the 1994-1996 and 1996-2001 time periods, respectively (Table 20).  Plan view 

maps of channel migration along the entire reach illustrated localized channel migration 

in cross-sections 5-9, which is the only unconfined area of reach L4 (Figure 62A-C).  The 

localized channel migration is displayed in further detail in Figure 63A-C.  A net 
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cumulative scour of approximately 2 meters was observed between 1994 and 2001 

(Figure 64).   

Table 20.  Cross section data collected in 1994, 1996 and 2001, for three reaches of the 
Little Naches River.   

 Bankfull Dimensions    

 Width (m) Depth (m) XSA (m2) Slope (%) Sinuosity D50 (mm) 
Reach L4       

1994 22.6 0.9 19.5 1.14 1.17 43 
1996 26.8 0.9 23.4 1.12 1.18 66 
2001 24.1 1.0 23.6 1.10 1.19 102 

Reach L7       
1994 25.1 0.8 20.3 0.69 1.26 184 
1996 28.7 0.9 24.8 0.69 1.23 59 
2001 25.0 0.8 20.5 0.64 1.28 65 

Reach L8       
1996 13.5 0.7 9.3 1.03 1.27 53 
2001 14.1 0.7 9.3 1.04 1.17 65 

 
 
Table 21.  Channel migration data (meters per year) for three reaches of the Little Naches 
River, over the following time periods:  1994 - 1996 and 1996 - 2001.   

 Reach L4 Reach L7 Reach L8 

 1994–1996* 1996-2001 1994-1996* 1996-2001 1996-2001 

Mean 1.81 0.17 0.53 0.07 0.03 

Median 0.26 0.07 0.12 0.07 0.20 
Standard 
Deviation 3.01 0.29 0.99 0.12 0.64 

Maximum 8.56 0.88 2.93 0.27 0.60 

N 10 10 8 8 4 

*  Includes an estimated 50 yr flood event that occurred in February 1996 (estimated 120 
– 138 cms).  The 1996 survey occurred in the summer after that flood.  The largest flow 
between the summer of 1996 and 2001 was estimated at 91 - 93 cms. 
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Figure 62.  Little Naches reach L4 plan view, cross-sections 1-14:  (A) 1994, (B) 1994 
and 1996 and (C) 1994, 1996 and 2001.   
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Figure 62 (continued).  Little Naches reach L4 plan view, cross sections 1-14:  (B) 1994 
and 1996.  Ladder type structures are 1996 LWD pieces.   
 

(B)



 141

2001 LWD
2001 Water's Edge
1996 Overflow Channel
1996 LWD
1996 Water's Edge
Road
Dikes
1994 Cross Sections
1994 Water's Edge

0 100 200 Meters

N

1

2

3

4

5
67

8

9

10

11

12

13

14

 
Figure 62 (continued).  Little Naches reach L4 plan view, cross sections 1-14:  (C) 1994, 
1996 and 2001.  Ladder type structures are 1996 LWD pieces.   
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Figure 63.  Little Naches reach L4 plan view, cross-sections 5 – 9:  (A) 1994, (B) 1994 
and 1996 and (C) 1994, 1996 and 2001.   
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Figure 63 (continued).  Little Naches reach L4 plan view, cross-sections 5 – 9:  (B) 1994 
and 1996.  Ladder type structures are 1996 LWD pieces.   
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Figure 63 (continued).  Little Naches reach L4 plan view, cross-sections 5 – 9:  (C) 1994, 
1996 and 2001.  Ladder type structures are 1996 LWD pieces.   
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Figure 64.  Little Naches reach L4 channel scour/fill data for the following time periods:  
(A) 1994 – 1996, (B) 1996 – 2001 and (C) 1994 – 2001.  
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Reach L7 

Bankfull dimensions of width, depth and XSA all increased after the 1996 flood, and then 

returned to nearly identical pre-flood values over the next 5 years.  Water surface slope 

decreased between 1994 and 2001, with a corresponding increase in sinuosity.  The 2001 

median D50 grain size decreased by nearly a third of the 1994 value (Table 20).  The 

average channel migration rate was 0.53 m/yr during 1994-1996, compared to 0.07 m/yr 

during 1996-2001 (Table 21).  Plan view maps of the entire reach illustrated relatively 

little channel migration, except at out bends (Figure 65A-C).  A cumulative fill of 0.25 m 

was observed throughout the reach between 1994 and 2001 (Figure 66).   

 

Reach L8 

Bankfull dimensions, water surface slope, and median D50 grain size all stayed relatively 

constant between 1996 and 2001 (Table 20).  The channel migration in reach L8 had the 

lowest mean value (0.3 m/yr) but highest standard deviation (0.64 m/yr) for the 1996-

2001 time frame (Table 21).  Plan view maps of channel migration along the entire reach 

are illustrated in Figure 67A-C.  A net cumulative fill of approximately 0.8 m was 

observed along the thalweg of reach L8 (Figure 68).   
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Figure 65.  Little Naches reach L7 plan view, cross-sections 1-13:  (A) 1994, (B) 1994 
and 1996 and (C) 1994, 1996 and 2001. 
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Figure 65 (continued).  Little Naches reach L7 plan view, cross-sections 1-13:  (B) 1994 
and 1996. 
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Figure 65 (continued).  Little Naches reach L7 plan view, cross-sections 1-13:  (C) 1994, 
1996 and 2001.
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Figure 66.  Little Naches reach L7 channel scour/fill data for the following time periods:  
(A) 1994 – 1996, (B) 1996 – 2001 and (C) 1994 – 2001.  
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Figure 67.  Little Naches reach L8 plan view, cross-sections 1-7:  (A) 1996 and (B) 1996 
and 2001 
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Figure 67 (continued).  Little Naches reach L8 plan view, cross-sections 1-7:  (B) 1996 
and 2001.   
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Figure 68.  Little Naches reach L8 channel scour/fill data, 1996 – 2001.  Only 1996 – 
2001 data are available because of a channel avulsion during the February 1996 flood, 
which left the original 1994 cross-sections in a dry, abandoned channel.   
 

DISCUSSION 

Little Naches River:  1994, 1996 and 2001 

Reach L4 

The channel migration data visually illustrated the habitat changes reported in chapter 3.  

Figures 62 and 63 illustrate that in a localized area, the channel has migrated significantly 

into both banks, recruiting LWD into the channel.  40% of the reach 4 LWD was 

associated with this LWD recruitment in 2001, and was responsible for the most complex 

habitat in reach L4 during the 2001 survey (Figure 69).  In 2002, the LWD accumulation 

in this area had increased, as key pieces continued to trap wood that would otherwise 

continue downstream.  This observation coincides with other studies in the Pacific 

Northwest that have reported the function of large key pieces (with root wads attached) 

being critical for LWD retention and jam formation (Abbe 2000, Collins and 

Montgomery 2002).   

This area of channel migration and LWD recruitment provides an interesting case study 

in which to evaluate the success of the in-stream structures placed in reach L4.  Figure 69  
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Figure 69.  Large woody debris recruitment caused by lateral channel migration in the 
Little Naches River, reach L4, pictured here in 2001.  Between 1994 and 1996, the 
channel advanced 17.1 meters into this bank, the majority of which likely occurred 
during the February 1996 flood event (estimated at 120-138 cms).   
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depicts the type of habitat that has been created by the natural processes associated with 

the flood event of 1996.  This habitat can be compared and contrasted with the photos in 

chapter two (Figures 15 and 16), which show the type of habitat created by the in-stream 

structures (immediately upstream of the section depicted in Figure 69).  

A possible explanation for the coarsening of the median D50 grain size in reach L4 (Table 

20) could be the effective channelization by the 1900 road and dikes left over from 1970s 

dredging.  Because of this confinement, it is possible that lower frequency flows have 

been more effective at transporting smaller clasts out of the reach.  The 1996 flood event 

could have been particularly effective at re-distributing surface substrates.  However, the 

Wolman pebble count for the cross-section survey was not taken in the same riffle every 

year, which could confound the median grain size results.  When considering the 

substrate changes in reach L4, it may be more appropriate to consider the data presented 

in chapter three (Figure 55B and D), which include the entire stream survey reach area.   

Although these observations in reach L4 are promising and show evidence of channel and 

habitat restoration, the broader picture must still be considered.  At the reach scale 

(Figure 62A-C), there was little or no channel migration outside a localized area.  The 

majority of the reach is still confined by the 1900 road and/or dikes left over from the 

1970s dredging.  True habitat and geomorphic recovery that will be self-sustaining is 

unlikely to occur given the current situation.   

Reach L7 

Reach L7 exhibited characteristics more indicative of a reach that is close some form of 

dynamic equilibrium.  The bankfull shape appeared to respond to the 1996 flood, yet then 

returned to pre-flood dimensions five years later in 2001 (Table 20).  A reach in 

equilibrium with the current watershed conditions and flow regime is expected to have a 

net scour/fill of approximately zero (Robison and Barry 2001).  This was the case in 

reach L7, thalweg scour and fill took place at local scales, but summed to be nearly zero 

at the reach scale (Figure 66A-C).  The fining of riffle median grain size is difficult to 
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interpret.  Since the pebble counts were not taken in the same riffle during each survey 

year, the grain size trend may not be accurate.   

Reach L8 

Reach L8 appeared to be adjusting to a new channel after the channel avulsion of 1996.  

Significant change was not observed between 1996 and 2001 along the measured cross-

sections.  However, since the main channel is now flowing in an old side channel, there is 

a great potential for substantial channel change, migration and LWD recruitment.  Reach 

L8 only had 7 cross-sections which did not capture some of the changes observed 

elsewhere in this new section of channel.  Newly recruited LWD was common, creating 

some of the highest wood loading observed in reach L8, and in the entire Little Naches 

River.  This illustrates one limitation of the cross-section surveys; many changes may be 

happening throughout the reach, which a series of monumented cross-sections may or 

may not capture.   
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CHAPTER 5:  CONCLUSION 

SUMMARY  

The Little Naches watershed has been a high priority for restoration because of the 

depressed state of salmonid populations (USDA Forest Service 2000a) and degraded 

habitat conditions due to extensive land management practices (Wissmar et al. 1994).  

Smith (1993) observed that habitat and riparian recovery was cyclical between 1935 and 

1990, and hypothesized that recovery could once again be initiated if management 

activities were curtailed and/or modified (Smith 1993).  Immediately prior to and since 

that time, a variety of in-stream, riparian and road restoration work has been carried out 

in the basin.  Also, many landscape-scale policy changes have taken place.  The 

Northwest Forest Plan was implemented, the Aquatic Conservation Strategy began and 

restoration took on a watershed perspective.   

The overall purpose of this study was to evaluate restoration projects (1986-2002), 

habitat abundance and distribution (1990-2001) and channel changes (1994-2001) in the 

Little Naches watershed, in light of the changing land management practices and active 

restoration work over the same time frame.  Since habitat conditions in the Little Naches 

were likely already degraded by 1935 (Smith 1993), the American River, immediately to 

the south, was used as a reference of natural conditions and processes that existed 

historically in the area.   

The first objective of this study was to evaluate the physical durability and effectiveness 

of in-stream, riparian and road restoration techniques used in the Little Naches watershed 

between 1986 and 2002.  In-stream and riparian restoration projects were evaluated by 

conducting a physical survey and calculating the percent of structures still functioning as 

intended.  The physical durability of in-stream structures varied with structure type, 

location in the channel and channel type (Table 5).  Structures placed along the channel 

margins generally had greater longevity than channel spanning structures.  In general, 

results showed that in stream manipulation was not successful at creating or maintaining 
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habitat in the long term, particularly in active response reaches.  Floodplain collector logs 

placed on a large gravel bar had high survival rates and were successful at encouraging 

micro-sites of sediment deposition and riparian plant establishment (Figure 23).   

Road restoration work was evaluated using McNeil gravel sample data collected annually 

between 1991 and 2001.  The McNeil data showed a slight, yet statistically significant 

decrease in fine sediment levels in the Little Naches watershed (Figure 24).  Although the 

apparent decrease in fine sediments cannot be directly linked to the road related 

restoration work, any further decrease in fine sediments would certainly be beneficial 

biologically, particularly for salmonid survival to emergence (Chapman 1988, Hicks et 

al. 1991).  In addition, the restoration and/or elimination of road and trail networks is 

considered one of the longest lasting restoration measures, with effects that will last 

decades or centuries into the future (Ziemer and Lisle 1998, Roni et al. 2002) 

The second objective was to quantify the abundance and distribution of salmonid habitat 

in response reaches of the Little Naches and American Rivers in 2001.  This was 

accomplished by conducting aquatic stream surveys in accordance with the 2001 USDA 

Forest Service protocol.  Variables that were collected in 1935 and 1990 were also 

collected during 2001.  

The third objective was to use the American River response reaches as a potential 

reference of habitat conditions and natural processes that existed historically in the Little 

Naches basin.  This was accomplished using graphical and descriptive statistical analyses 

of the 2001 stream survey data.  The graphical analyses revealed various similarities and 

differences between the Little Naches and American River response reaches.  Similarities 

between all reaches were observed in bankfull channel dimensions (Figure 36) and the 

distribution of LWD between complexes and single pieces (Figure 31C-D), as well as the 

pieces of wood per complex (Figure 32).  Although the quantity of LWD was 2 to 3 times 

lower in the Little Naches, it appeared that the available wood had been collected and 

distributed in a similar fashion to the LWD of the American River.   
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Beyond these similarities, the American River exhibited a more complex and diverse 

array of habitat for both juvenile and adult salmonids.  Pool habitat, side channel habitat 

and LWD were all more abundant (Figures 27 and 31A-B) .  Pools in the American River 

also had more total cover (Figure 33A-B) and deeper residual depths (Figure 34A-B).  

The dynamic and unconfined nature of the American river was illustrated by the high 

percentage of pool habitat associated with meander bends (Figure 34C-D), floodplain 

connectivity and gravel bar dynamics (Figure 37).  The information collected in the 

American River can be used as a frame of reference to evaluate the conditions of the 

Little Naches River.   

PCA analyses were performed on six data subsets of the 2001 stream survey data 

(Figures 39-44).  A final PCA was then performed on a final weighted matrix where each 

data sub-set had an individual weighted value (Figure 46).  The PCA results for each 

individual subset varied, but a similar trend emerged.  The two American River reaches 

(A3 and A5), often grouped together along the first axis that explained the majority of the 

variance.  Reach L8 of the Little Naches was generally the next closest reach to the 

American River reaches.  The biplot of the PCA on the final weighted matrix 

summarized the majority of variance from 25 observed variables (broken into six data 

sub-sets).  The reference reaches of the American River grouped tightly together, and 

were closely associated with the LWD and habitat vectors.  The next closest reach to the 

reference reaches was Little Naches reach L8, followed by reaches L7, L1 and L4 (Figure 

46).  The information gained from comparing the characteristics of the Little Naches and 

American River reaches can help prioritize future restoration and preservation efforts in 

the Little Naches basin.   

The fourth objective was to evaluate changes in the abundance and distribution of 

salmonid habitat in response reaches of the Little Naches River between 1990 and 2001.  

This was accomplished by comparing the variables common to both the 1990 and 2001 

stream surveys.  All Little Naches response reaches showed an increase in primary pool 

habitat and decrease in riffle habitat (Figures 48-50).  The count of medium and large 
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pieces of LWD included in the USFS standards and guidelines increased in all reaches 

(Figure 52).  Spawning sized gravels and the percent of reach area comprised of 

spawning habitat increased in reaches L1, L4 and L7 (Figure55).  The percent of stream 

length embedded decreased in reaches L4, L7 and L8 (Figure 54), which was a reversal 

of the trend reported from 1935 – 1990 (Smith 1993).   

The 1990-2001 changes in pool habitat, LWD, spawning gravels and embeddedness are 

encouraging, and indicate that habitat conditions are once again improving in the Little 

Naches River.  However, these apparent improvements in habitat conditions do not mean 

that the Little Naches River has completely returned to a natural range of conditions.  

Except for reach L8, habitat conditions in the Little Naches basin were very different 

from the American River reference reaches.   

The fifth objective was to evaluate channel changes in response reaches of the Little 

Naches River between 1994 and 2001, using cross-section surveys.  Changes in bankfull 

dimensions, water surface slope, sinuosity, D50 median grain size, channel migration, and 

thalweg scour/fill were evaluated between 1994 and 2001 for reaches L4, L7 and L8 of 

the Little Naches River.  These comparisons offered further insight into the character and 

condition of each reach.  The greatest channel migration of all reaches was observed in 

reach L4, with a maximum of 8.6 meters per year between 1994 and 1996 (Table 20).  

However, plan view maps illustrated that this migration was localized and movement in 

the rest of the reach was minimal (Figure 62A-C).  In reach L4, 40% of the in-channel 

LWD counted during the 2001 stream survey was a result of LWD recruited to the 

channel during a February 1996 flood event.  This naturally recruited LWD was 

associated with the deepest and most complex habitat in reach L4 during 2001 (Figure 

69).  In 2002, the LWD accumulation in this area had increased, as key pieces began to 

trap wood that otherwise would have continued downstream.   

Channel changes in reach L7 were more indicative of a reach that is close to some form 

of dynamic equilibrium.  The bankfull shape (width, depth and XSA) responded to the 

1996 flood, and then returned to pre-flood dimensions in 2001 (Table 20).  A reach in 
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equilibrium with the current watershed conditions and flow regime is expected to have a 

net scour/fill of approximately zero (Robison and Barry 2001).  This was the case in 

reach L7 where thalweg scour and fill took place at individual cross-sections, but 

summed to be nearly zero at the reach scale (Figure 66).   

The 1994 reach L8 cross-sections were left in a dry, abandoned channel after an avulsion 

during the 1996 flood event.  A new series of cross-sections was installed in the new 

channel during 1996 and re-surveyed in 2001.  No substantial channel changes were 

observed in the measured cross-sections between 1996 and 2001 (Table 20).  However, 

only 7 cross-sections (one bankfull width apart) were surveyed.  Also, channel widening 

and LWD recruitment were observed in other sections of the new main channel, outside 

of the measured cross-section area.  Reach L8 is likely adjusting to a new channel after 

the channel avulsion of 1996.   

The channel and habitat changes in the Little Naches basin between 1990 and 2001 

appear strongly related to the flood events of 1990 and 1996.  These flood events appear 

to have influenced the observed increases in LWD recruitment, pool formation and 

spawning sized gravels, as well as decreases in fine sediment and substrate 

embeddedness.   

MANAGEMENT IMPLICATIONS 

The in-stream manipulations in reach L4 of the Little Naches River have been 

unsuccessful at creating lasting primary pool habitat or channel changes.  The flood event 

of 1996 was more effective at increasing pool habitat, LWD and spawning gravels in this 

reach.  The limited effectiveness of these structures illustrated that in-stream projects 

generally provide only temporary benefits (Roni et al. 2002), and do not restore the 

natural processes necessary for a self-sustaining dynamic river morphology (Collins and 

Montgomery 2002).  Given the intense disturbance history of reach L4, perhaps a passive 

restoration approach is warranted in that reach, while the channel continues to adjust to a 
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variety of disturbances, including road building across the floodplain and channelization 

from dredging activities.   

Also in reach L4, where the majority of restoration work has occurred, the observed 

increases in LWD loading and pool habitat associated with the 1996 flood event were 

encouraging.  However, these promising observations only occurred in a localized area.  

At the reach scale, minimal channel migration and LWD recruitment were observed due 

to the confined nature of the channel (Figure62).  Removing or relocating the dikes and 

1900 road may not be a plausible scenario financially or politically, but would help 

restore the dynamic and self-sustaining processes of channel migration, LWD recruitment 

and pool formation that are now only evident in a localized area of reach L4. 

At the watershed scale, high quality habitat within the Little Naches basin (particularly 

reach 8) should be actively protected and opportunities should be pursued to reconnect 

off channel and side channel habitats where feasible (Roni et al. 2002).  Although not 

directly linked to an apparent reduction in fine sediments in this study, the current 

literature suggests that road and trail restoration work should continue within the 

watershed.   

The highest rates of in-stream structure durability, as measured by the percent of 

structures still functioning, were observed in Crow and Quartz Creeks, tributaries to reach 

L4.  Crow and Quartz creeks have smaller drainage areas, channel dimensions, and flow 

volumes compared to the mainstem Little Naches.  These tributary channels are also 

similar to plane bed reach types, whereas the mainstem Little Naches has a dynamic 

pool-riffle (Montgomery and Buffington 1997) channel morphology.  These observations 

suggest that drainage area, channel dimensions, flow regime and channel type all play a 

role in the success or failure of restoration projects.  Indeed, site specific characteristics 

should be used to help design appropriate restoration strategies (Roni et al. 2002).  What 

is appropriate for one channel type and flow regime may not be appropriate or successful 

in another channel type and flow regime.  In-general, the results of this study indicate that 

in-stream manipulation was not effective at creating or maintaining quality habitat in the 
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long term, particularly in active response reaches.  These results coincide with other 

studies that have observed the unsuccessful or outright harmful effects of in-stream 

manipulation in active response or pool-riffle reaches (Kondolf 1998, Kondolf et al. 

2001, Callahan 2001, Thompson 2002).   

The LWD naturally recruited to the channel in 1996 (reach L4) was fundamentally 

different than the in-stream structures installed in 1986-87.  The logs comprising the in-

stream structures all had the root wads removed, in order to achieve engineering design.  

It has since been recognized that key pieces of LWD are anchored by their root wads, 

which encourages additional LWD retention and the formation of large complexes 

(Beechie 1998, Abbe 2000, Collins and Montgomery 2002).  Indeed, between 2001 and 

2002, additional LWD was observed accumulating around the large key pieces that were 

brought into the channel during the 1996 flood event.  Any future in-stream restoration 

work or LWD placement should incorporate this knowledge and use appropriate sizes of 

LWD that have root wads attached.   

Given the dynamic nature of any ecosystem, restoration activities should not be an effort 

to freeze habitat conditions in space and time (Christensen et al. 1996), but rather to 

facilitate the return of natural disturbance regimes.  When ecosystems are disturbed 

beyond their range of natural variability, habitat degradation occurs (Smith 1993).  The 

American River reference reaches provided a glimpse of the potential conditions of the 

Little Naches system.  Graphical and descriptive statistical techniques in chapter three 

illustrated that the Little Naches reaches were different from American River reaches in 

several aspects.  The PCA allowed for a relative ranking of data sub-sets that explained 

the variance between the Little Naches and American River reaches:  1) habitat 

percentages, 2) gravel bar dynamics, 3) LWD quantity, 4) median grain size, 5) pool 

cover and 6) pool forming agent.  However, no one factor emerged that explained the 

majority of variance in the data, indicating that all these data sub-sets are likely 

important.  In addition, the PCA revealed that only reach L8 closely resembled the 

conditions observed in the American River reference reaches, followed by reaches L7, L1 
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and L4.  Consequently, restoration efforts and sustainable land management practices 

should continue within the Little Naches basin.  The information gained from this study 

can help direct and prioritize the location and type of future restoration efforts, until 

natural processes are restored as fully as possible.    

Finally, during any future restoration projects, detailed records should be kept of exactly 

where, when and what was done, particularly if in-stream structures are installed.  This is 

critical for effectiveness monitoring and research purposes over various time scales after 

project implementation.  Restoration measures are essentially an experiment and should 

be set up as such, with rigorous before/after data collection and the use of control and/or 

reference sites (Roni et al. 2002, Ralph and Poole 2003).   

SUGGESTIONS FOR FUTURE RESEARCH 

This project had some limitations in the evaluation of restoration techniques.  First of all, 

a simple physical evaluation of in-stream and riparian restoration techniques was 

conducted by evaluating the percent of structures still functioning as intended.  However, 

a high or low percent of structures functioning as intended does not necessarily translate 

into true biological or habitat recovery.  In addition, this project has mainly focused on 

the interpretation of physical response variables.  Future study efforts should be more 

interdisciplinary in nature and attempt to integrate the biological, physical and 

geomorphic context of study sites.   

The use of aquatic stream surveys and hydrologic cross-section surveys provided 

important information to help monitor habitat and channel changes in the Little Naches 

watershed.  Any future studies in this area should utilize these existing data sources, but 

also recognize their limitations.   

An opportunity also exists for biological monitoring in reach L4 of the Little Naches 

watershed.  Salmon carcasses have been added near the upstream end of reach L4 (just 

below salmon falls) since the late 1990s.  The carcasses have been added in the same 

location every year to facilitate future research in the area.
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Appendix A:  Reach Maps 

 
 

Figure A1:  Little Naches reach L1 site map.  Contour interval = 40 ft.  S = side channel.   
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Figure A2.  Little Naches reach L4 site map.  Contour interval = 40 ft.   
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Figure A3.  Little Naches reach L7 site map.  Contour interval = 40 ft.   
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 Figure A4.  Little Naches reach L8 site map.  Contour interval = 40 ft.  
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Figure A5.  American River reach A3 site map.  Contour interval = 40 ft.  
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Figure A6.  American River reach A5 site map.  Contour interval = 40 ft. 
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Appendix B:  Chapter 3 Stream Survey Summary Data 
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Table B 1.  Main channel lengths and other stream survey variables for the American and Little Naches Rivers, 2001.   
 Total Main Channel Length (m) 

Reach 
Pool Riffle Braids Total 

Side channel 
Length (m) 

Ratio of Side 
Channel to 

Main Channel 
Length 

Contributing 
drainage 

area (km2) 

Flow at 
time of 
survey 
(cms) 

Dates of Survey 

A3 7368 4116 219 11703 7364 0.63 185 1.52 July 30 – Aug 24
A5 1816 1359 42 3217 422 0.13 69 0.41 Sept 17 – 19 
American (N=2) 9185 5475 261 14920 7785 0.52 206 - - 
L1 279 365 0 644 615 0.96 385 2.73 July 2 
L4 723 1388 0 2111 102 0.05 280 1.16 July 10 – 11 
L7 1979 1772 30 3782 523 0.14 152 0.82 July 17 – 27 
L8 3217 2916 59 6192 1296 0.21 104 0.21 Aug 30 – Sept 12
Little Naches (N=4) 6198 6441 89 12728 2537 0.20 385 - - 
 
 
 
Table B 2.  Habitat unit surface area and count of habitat units in the American and Little Naches Rivers, 2001.   
 Total habitat surface area (m2) Count of habitat units 
Reach Pool Riffle Braids Side Total Pool Riffle Braids Side Total 
A3 91359 47161 3271 28334 170125 150 95 11 88 344 
A5 23162 12700 470 1253 37586 50 28 3 10 91 
American (N=2) 114521 59861 3741 29587 207711 200 123 14 98 435 
L1 4192 6287 0 2443 12922 5 4 0 5 14 
L4 8811 22392 0 148 31351 22 18 0 2 42 
L7 22254 24023 446 2167 48889 45 33 1 10 89 
L8 26289 23216 661 3608 53774 116 87 4 52 259 
Little Naches (N=4) 61546 75918 1107 8366 146936 188 142 5 69 404 
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Table B 3.  Habitat percentages and dimensions in the American and Little Naches Rivers, 2001.  
 Percent of Total Habitat by 

Surface Area 
Percent of Total Habitat by 

Count 
Average Habitat Unit Width 

Weighted by Length (m) 
Average Habitat Unit Length (m)

Reach Po
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ra
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de
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iff
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A3 53.7 27.7 1.9 16.7 43.6 27.6 3.2 25.6 12.4 11.5 14.9 3.8 49.1 43.3 19.9 83.7 
A5 61.6 33.8 1.3 3.3 54.9 30.8 3.3 11.0 12.8 9.3 11.3 3.0 36.3 48.5 13.9 42.2 
American 
(N=2) 55.1 28.8 1.8 14.2 46.0 28.3 3.2 22.5 12.5 10.9 14.4 3.8 45.9 44.5 18.6 79.4 

L1 32.4 48.7 0.0 18.9 35.7 28.6 0.0 35.7 15.0 17.2 0.0 4.0 55.7 91.4 0.0 123.0 
L4 28.1 71.4 0.0 0.5 52.4 42.9 0.0 4.8 12.2 16.1 0.0 1.4 32.9 77.1 0.0 51.2 
L7 45.5 49.1 0.9 4.4 50.6 37.1 1.1 11.2 11.2 13.6 14.6 4.1 44.0 53.7 30.5 52.3 
L8 48.9 43.2 1.2 6.7 44.8 33.6 1.5 20.1 8.2 8.0 11.2 2.8 27.7 33.5 14.7 24.9 
Little Naches 
(N=4) 41.9 51.7 0.8 5.7 46.5 35.1 1.2 17.1 9.9 11.8 12.4 3.3 33.0 45.4 17.9 36.8 

 
 
Table B 4.  Large woody debris (LWD) quantity and distribution in the American and Little Naches Rivers, 2001.   

 LWD per 100 m Average Pieces per Complex LWD Distribution (%) 

Reach Small Medium Large M+L 
Complexes 
per 100 m Small Medium Large Complexes Singles 

A3 10.2 5.2 2.2 7.4 2.2 3.6 1.9 0.8 79.3 20.7 
A5 18.8 9.5 0.9 10.4 2.8 6.0 3.2 0.3 91.1 8.9 
American (N=2) 12.1 6.2 1.9 8.1 2.3 4.3 2.2 0.7 83.0 17.0 
L1 3.9 1.2 0.5 1.7 0.6 4.8 1.3 0.8 75.0 25.0 
L4 1.7 0.6 0.2 0.8 0.4 3.0 1.3 0.3 67.9 32.1 
L7 2.7 1.4 0.6 2.0 0.6 2.8 1.6 0.8 71.2 28.8 
L8 5.9 4.1 1.3 5.4 1.3 3.9 2.7 0.9 87.2 12.8 
Little Naches (N=4) 4.1 2.6 0.9 3.4 0.9 3.7 2.3 0.8 82.8 17.2 
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Table B 5.  Pool Parameters in the American and Little Naches Rivers, 2001.   
 Pool Cover Distribution (%) Pool Forming Agent Distribution (%) 

Reach LWD 
Overhanging 
Vegetation 

Undercut 
Bank Turbulence 

Average 
Percent 
per Pool 

Percent of 
Pools with 
no cover 

Bed (mid-
scour) 

LWD Weir Meander 
Bend 

Average 
Residual 

Pool 
Depth (m) 

A3 84.5 9.2 5.8 0.5 25.1 10.0 40.8 11.3 0.0 48.0 0.87 
A5 95.5 3.8 0.6 0.0 31.4 10.0 34.0 26.4 0.0 39.6 0.93 
American (N=2) 87.7 7.6 4.3 0.4 26.7 10.0 39.4 14.3 0.0 46.3 0.89 
L1 57.1 42.9 0.0 0.0 7.0 20.0 100.0 0.0 0.0 0.0 0.58 
L4 40.9 0.0 18.2 40.9 10.0 59.1 75.4 5.7 9.1 9.7 0.65 
L7 63.2 2.3 27.6 6.9 9.7 37.8 48.3 11.7 0.0 40.0 0.59 
L8 79.3 12.6 8.0 0.0 26.3 6.9 32.9 22.1 0.0 45.0 0.66 
Little Naches 
(N=4) 75.0 11.0 10.8 3.2 19.9 20.7 49.1 14.5 1.3 35.1 0.64 

 
 
Table B 6.  Substrate composition and median grain size in the American and Little Naches Rivers, 2001.  Stream-wide 
median grain size values are weighted by reach surface area.   

 
Percent Substrate for All Units Weighted by Surface 

Area (Length x Width) 
Median Grain Size from Pebble Counts              

(mm) 
Reach SA GR CO BO BR D15 D35 D50 D84 D95 
A3 17.6 52.0 28.4 1.9 0.1 13 33 46 89 116 
A5 7.3 55.0 27.6 3.6 6.4 27 47 58 94 123 
American (N=2)* 15.7 52.5 28.2 2.2 1.3 15 35 48 90 117 
L1 3.1 48.8 44.5 3.6 0.0 18 55 80 180 255 
L4 6.4 26.7 39.9 20.3 6.7 34 66 91 168 252 
L7 7.8 44.2 39.3 6.8 1.8 17 44 70 153 220 
L8 11.4 43.9 42.4 1.4 1.0 23 43 58 111 161 
Little Naches (N=4)* 8.4 40.7 41.0 7.4 2.4 23 49 71 143 208 
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Table B 7.  Average bankfull and floodplain dimensions of the American and Little Naches Rivers, 2001.  BFW = bankfull 
width, BFD = bankfull depth, MBFD = maximum bankfull depth, BFW/BFD = bankfull width to depth ratio, FPW = 
floodprone width, FPD = floodprone depth, FPW/BFW = entrenchment ratio.   

 Bankfull Floodplain 
Reach BFW (m) BFD (m) MBFD (m) BFW/BFD FPW (m) FPD (m) FPW/BFW 
A3 21.5 0.6 0.9 33.8 83.5 1.7 3.9 
A5 16.7 0.6 0.9 27.5 37.2 1.8 2.2 
American (N=2) 19.6 0.6 0.9 31.4 65.7 1.8 3.3 
L1 27.6 0.5 0.8 51.6 51.0 1.5 1.8 
L4 20.6 0.6 0.8 32.9 37.2 1.6 1.8 
L7 19.5 0.5 0.8 38.2 43.8 1.6 2.2 
L8 15.7 0.6 0.8 26.5 67.8 1.6 4.3 
Little Naches (N=4) 19.0 0.6 0.8 33.1 51.3 1.6 2.7 

 
Table B 8.  Gravel bar distribution and size in the American and Little Naches Rivers, 2001.  Gravel bar sizes are corrected by 
a factor of 0.785.   

 
Gravel Bar Distribution 
(Percent by surface area)

Percent Distribution of Vegetated Bars 
by Height of Vegetation (m) 

Average Gravel bar size 
(m2) 

Average Vegetated Gravel Bar Size 
(m2) by Height of Vegetation (m) 

Reach Unvegetated Vegetated < 0.6 0.6 - 1.5 1.5 - 3.0 >3.0 Unvegetated Vegetated < 0.6 0.6 - 1.5 1.5 - 3.0 >3.0 
A3 78.4 21.6 53.7 37.1 9.2 0.0 370.0 782.4 660.0 1369.8 473.9 - 
A5 91.6 8.4 5.5 94.5 0.0 0.0 112.3 362.9 39.8 686.0 0.0 - 
American (N=2) 79.3 20.7 52.4 38.7 8.9 0.0 314.2 758.4 631.8 1284.3 473.9 - 
L1 1.2 98.8 0.0 0.0 0.0 100.0 175.0 4812.6 - - - 4812.6
L4 0.6 99.4 14.3 7.0 29.1 49.6 109.4 5878.7 5053.5 2464.8 3417.6 17501.2
L7 12.5 87.5 9.8 11.7 69.8 8.7 640.0 2642.4 1135.2 1355.9 3690.5 5082.6
L8 34.2 65.8 32.8 46.7 20.5 0.0 193.3 765.9 373.5 1752.5 1279.9 - 
Little Naches (N=4) 16.3 83.7 15.9 18.4 40.3 25.5 241.3 1817.1 591.1 1673.1 2926.4 7404.3
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Table B 9.  Habitat percentage changes in the Little Naches River between 1990 and 2001.  Percentages calculated using 
surface area.   

 Habitat Type Distribution (%) 
 Pool Riffle Glide Side Channel 

Reach 1990 2001 1990 2001 1990 2001 1990 2001 
L1 8.2 32.4 52.0 48.7 14.3 0.0 25.5 18.9 
L4 12.1 25.5 83.8 71.4 0.0 2.6 4.0 0.5 
L7 24.1 38.0 71.9 50.0 4.0 7.5 0.0 4.4 
L8 25.7 39.6 61.1 43.2 3.1 10.5 10.2 6.7 
Little Naches (N=4) 20.6 35.5 67.2 52.0 4.2 6.9 7.9 5.7 

 
Table B 10.  Large woody debris per 100 m changes in the Little Naches River between 1990 and 2001.  1990 values have 
been multiplied by the correction factors given in chapter 3 methods section (Table 11).  

 Pieces of LWD per 100 m 
 Small Medium Large M + L S+M+L 

Reach 1990 2001 1990 2001 1990 2001 1990 2001 1990 2001 
L1 0.3 3.9 0.1 1.2 0.0 0.5 0.1 1.7 0.5 5.6 
L4 0.3 1.7 0.4 0.6 0.0 0.2 0.5 0.8 0.8 2.5 
L7 7.7 2.7 1.5 1.4 0.1 0.6 1.6 2.0 9.3 4.7 
L8 6.6 5.9 2.8 4.1 0.6 1.3 3.4 5.4 10.0 11.3 
Little Naches (N=4) 5.6 4.2 1.9 2.6 0.3 0.9 2.2 3.4 7.8 7.6 

 
Table B 11.  Pieces of large woody debris per 100 m (medium + large size classes) in the Little Naches River for years 1990, 
1991, 1997 and 2001.   

Medium + Large pieces of  LWD per 100 m 
Reach 1990 1991 1997 2001 
L1 0.1 - - 1.7 
L4 0.5 0.2 - 0.8 
L7 1.6 1.8 2.3 2.0 
L8 3.4 5.9 3.8 5.4 

- Reach L1 was not surveyed in 1991 or 1997.  Reach L4 was not surveyed in 1997.   
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Table B 12.  Percent substrate and percent spawning area changes in the Little Naches River between 1990 and 2001.  Percent 
spawning area is the percent of the total reach surface area comprised of SR and LR substrate.  See methods section of chapter 
3 for size definitions and calculations.   

Substrate Class Distribution (%) 
 MS SR MR LR 

Percent spawning 
area 

Reach 1990 2001 1990 2001 1990 2001 1990 2001 1990 2001 
L1 11.5 15.0 27.4 47.1 23.1 32.9 37.5 5.0 51.0 86.3 
L4 16.9 7.4 18.1 25.5 32.0 30.5 27.5 22.4 49.5 59.4 
L7 7.9 7.4 18.0 43.1 27.9 34.6 44.5 12.7 46.0 77.5 
L8 - 13.7 - 45.2 - 38.3 - 2.0 - 85.0 

- Reach L8 substrate values were not reported in 1990.   
 
Table B 13.  Percent pools (by surface area and count), percent of stream length embedded and flow at time of survey in the 
Little Naches River between 1990 and 2001.   

 Percent pools by 
surface area 

Percent pools by 
count 

Percent of stream length 
embedded 

Flow at time of survey 
(cms) 

Reach 1990 2001 1990 2001 1990 2001 1990 2001 
L1 8.2 32.4 14.3 35.7 37.0 38.9 4.50 2.73 
L4 12.1 25.5 28.6 52.4 86.0 71.4 1.80 1.16 
L7 24.1 38 41.8 50.6 67.0 22.6 1.30 0.82 
L8 25.7 39.6 45.7 44.8 70.0 33.5 0.32 0.21 

 
Table B 14.  Habitat percentage and LWD changes in the American River between 1992 and 2001.  Habitat percentages are 
calculated using surface area.  LWD values have been multiplied by a correction factor of 1.15 (Table 12). 

 Habitat Type Distribution (%)   

 Pool Riffle Glide Side Channel Total LWD per 100 m   
(Small + Medium + Large) 

Reach 1992 2001 1992 2001 1992 2001 1992 2001 1992 2001 
A3 14.4 38.6 32.9 27.7 46.6 17.0 6.1 16.7 10.4 17.6 
A5 5.3 58.2 26.4 34.0 67.0 4.4 1.3 3.3 21.6 29.2 
American (N=2) 12.1 42.2 31.2 28.9 51.8 14.7 4.9 14.2 - - 

- Not calculated
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Appendix C:  Little Naches River Stage-Discharge Relationship 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C 1.  Little Naches stage-discharge relationship established using data from water 
years 1994 and 2001 (USDI Bureau of Reclamation 2002).  The data between 0.6 and 
38.2 cms were used to establish a low end estimate of the February 1996 flood (120 cms) 
and the highest flow between water years 1996 and 2001 (91 cms).  The data between 
38.8 and 52.7 cms were used to establish a high end estimate of the February 1996 flood 
(138 cms) and the highest flow between waters years 1996 and 2001 (93 cms).  All data 
points are from instantaneous daily values of stage and discharge.  The values between 
0.6 and 38.2 have been edited to reflect the lowest discharge for a given stage.  The 
values between 38.8 and 52.7 cms were the highest values reported for water years 1994-
2001 and only had one value of discharge corresponding with each stage height.  All of 
the 38.8-52.7 cms values occurred during the 1998 spring run-off.   
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