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INTRODUCTION 
 

The Bumping River in central Washington supports a run of wild spring 
chinook salmon.  The U.S. Bureau of Reclamation (USBR) owns and operates a 
dam on the Bumping River, at river mile (RM) 17.0.  The dam creates a storage 
reservoir that provides irrigation water and instream flows for fish.   

 
Spring chinook salmon spawn in late August through September, when 

flows in the Bumping River are high due to releases of irrigation water from the 
dam.  During the fall of 2000, after spawning occurred, the Yakima Project 
System Operations Advisory Committee1 (SOAC) recommended a target flow of 
170 cubic feet per second (cfs) in the Bumping River.  This recommendation was 
made to maintain at least two inches of water over all redds in the stream, an 
informal criteria SOAC members have used to protect the embryos inside the 
redds from dewatering or freezing.     

 
The 2001 water year (October 2000-September 2001) ended up being 

one of the driest on record, with below average precipitation.  Consequently, the 
USBR was unable to maintain recommended instream flows in the Bumping 
River.  Bumping Lake Reservoir capacity was about 12,000 acre-feet in early 
November of 2000, which is typical for that time of year.  The USBR released 
water from Bumping Reservoir as recommended by SOAC, but because of very 
low precipitation over the succeeding months the reservoir was drained by mid-
January 2001.  With no reservoir releases available from stored water for the rest 
of the winter, water in the Bumping River was provided only by passing natural 
inflows into the reservoir, accretion flows and contributions from tributary 
streams.  Flows downstream of the dam dropped as low as 60 cfs in February 
and March 2001 (Figure 1), well below the SOAC recommendation.   

 
The low flows led to speculation that nearly the entire population of spring 

chinook salmon embryos in the Bumping River were killed, and that production of 
smolts from this brood was some small fraction of what it could otherwise have 
been.   

 
S.P. Cramer & Associates and Patrick Monk conducted chinook fry 

presence/absence snorkel surveys on May 22, 2001.  These surveys revealed 
that chinook fry were abundant and well distributed throughout the Bumping 
River in spring 2001, in spite of the low flows during the previous winter. Having 
established that fry were present in the stream in the spring, further study was 
designed to determine parr densities in the Bumping River in summer 2001 and 
to characterize the habitat for chinook parr in the Bumping River.  

 

                                                 
1 The System Operations Advisory Committee (commonly referred to as SOAC) is made up of biologists 
from the Washington Department of Fish and Wildlife, the Yakama Nation, the US Fish and Wildlife 
Service and the Yakima Basin Joint Board (which represents the Yakima Valley irrigation districts).  Its 
task is to recommend system operations that will maintain and enhance fish resources in the project area. 
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This report summarizes the results of spring and summer snorkel surveys 

undertaken to examine (1) spring fry presence/absence, (2) summer parr 
densities and (3) summer habitat conditions and habitat associations. 
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Figure 1. Flows in the Bumping River below Bumping Lake Dam (US Bureau of 

Reclamation).  In most years, precipitation during fall and winter provides 
for flows of around 200 cfs following the salmon spawning season.  

 
 
STUDY AREA 
 

The Bumping River drains 194 square miles on the eastern slopes of the 
Cascade Mountain Range northwest of Naches, Washington (Figure 2).  The 
American River joins the Bumping River at RM 3.5 and the two combine with the 
Little Naches River to form the Naches River, a tributary of the Yakima River.  
We limited our study area to the stretch of stream between Bumping Lake Dam 
and the confluence with the American River, as this is the section most 
dramatically affected by Bumping Lake Dam operations.  The American River is 
an unregulated stream with a typical east side yearly hydrograph; spring peak 
flows are usually around 600 cfs and typical summer low flows are approximately 
40 cfs.  The Bumping River, by contrast, is managed for irrigation, and capture of 
spring runoff behind Bumping Lake Dam and subsequent release during summer 
result in fundamentally different yearly flow patterns than in the American.  The 
lower reaches of the Bumping River are heavily influenced by the American 
River, and examination of chinook densities in these areas would be greatly 
confounded by the presence of spawning adults just upstream in the American, 
as well as by the different flow and temperature regimes experienced by fish in 
these reaches compared to those upstream.   
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Figure 2.  Map of Bumping River drainage basin and its relationship to the Yakima 

River Basin. 
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The Bumping River originates at an unnamed pond 3,369 feet above sea 
level and flows 29.2 miles in a northeasterly direction to its mouth at the 
confluence with the Little Naches, at elevation 2,450 feet.  The basin is located 
entirely within the Wenatchee National Forest, and is characterized by coniferous 
trees and steep, mountainous slopes.  Average monthly temperatures in the 
Naches region range from 27 degrees Fahrenheit in January to 71 degrees in 
July.  Bumping Lake Dam, at RM 17.0 impounds Bumping Lake Reservoir.  The 
reservoir resides at the site of a historic natural lake approximately 3435 feet 
above sea level.  The dam, constructed in 1910, is an earthfill structure 61 feet 
high.  There is no fish passage at the dam.  Bumping Lake Reservoir exists to 
capture winter and spring precipitation for release during the irrigation season in 
the summer and fall.  The average precipitation in the low elevation agricultural 
zones is approximately 7.96 inches per year, with March through October 
receiving less than 0.5 inches of rain per month (Buckley 1936), thus irrigation is 
necessary for agriculture to exist in the region.   The reservoir is part of the 
Yakima Project, which irrigates approximately one-half million acres of fertile land 
extending 175 miles in the Yakima and Naches River valleys.  

 
Fast et al. (1991) documented the existence of several salmonid species 

in the Bumping system.  Anadromous species include spring chinook and 
summer steelhead.  Resident species are bull trout, westslope cutthroat trout, 
rainbow trout, and mountain whitefish.  
 
 
METHODS 
 
(1) Fry Presence/Absence Surveys, May 2000 

 
Prior to conducting snorkel surveys, an incidental take permit was 

obtained from the USFWS in the event bull trout were encountered during the 
snorkeling activities.  No other permits were required. 

 
Snorkel observations of chinook fry were conducted at three locations in 

the Bumping River between Bumping Lake Dam and the American River 
confluence (Figure 3).  At each location we sampled habitat units within each unit 
type, sampling every third riffle, every run and every pool, until a minimum of two 
riffle-type units and two non-riffle-type units had been snorkeled.  Where the river 
occupied more than one channel, we surveyed the main channel.  Where units 
designated for snorkeling had a side channel that exited and returned to the 
same unit, the side channel was snorkeled as well. This stratified approach better 
represents changing conditions through the length of the stream than would a 
completely randomized design.  Units chosen for systematic snorkeling were 
snorkeled in their entirety if less than 60 m long.  For those units over 60 m long, 
we snorkeled the first 50 m.  No pools over 60 m were encountered. 
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Figure 3.   Map of the Bumping River basin showing fry snorkel survey locations, May 

2001.  Numbers next to survey location markers indicate river mile and 
number of fry observed at each location. 

 
The survey team consisted of three members:  two biologists in dry suits 

and a recorder to take down data relayed by the snorkelers.  The recorder also 
documented habitat information for all units snorkeled as well as those units 
skipped for snorkeling as part of the systematic subsampling.  (Details of habitat 
survey protocols are provided in a later report section).  Our protocol focused on 
the stream margins, where chinook fry are more likely to exist; no snorkeling was 
conducted in the velocity thalweg of the stream. 

 
Low precipitation in spring 2001 translated into low flows in the Bumping 

River during our surveys, enabling us to snorkel upstream against the current.   
Snorkelers entered the water at the downstream end of the designated habitat 
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unit and moved upstream, pausing periodically to relay numbers, sizes and 
species of fish observed in his snorkel lane to the data recorder.  Lane width was 
defined as the width of the area in front of the snorkeler in which fish could be 
positively identified.  Fish lengths were visually estimated in 2-inch increments.  

 
(2) Summer Parr Sampling, August 2001 

 
We conducted snorkel surveys for chinook parr at five stream segments in 

the Bumping River between Bumping Lake Dam (RM 17.0) and the confluence 
with the American River (RM 3.5) (Figure 4).  In order to obtain subsamples of 
the study area we alternated sampled and unsampled sections, each measuring 
approximately 1600 – 2000 meters.  Every habitat unit in stream sections chosen 
for sampling was snorkeled.    Due to irrigation releases of nearly 300 cfs at the 
time of summer sampling we were forced to snorkel in the downstream direction.  
Surveys began at Bumping Crossing (RM  15.9) and proceeded downstream to 
Soda Spring Campground (RM 4.2).  Where the river occupied more than one 
channel, we surveyed both the main channel and side channels containing 
greater than 10 percent of the total flow and measuring at least 0.4 meters in 
depth. Habitat units (pool, riffle, run) were snorkeled in their entirety if less than 
100 meters long.  For riffle or run units over 100 meters, we snorkeled the first 
100 meters.  All pools encountered were less than 100 meters in length and thus 
were snorkeled in their entirety.  Where river conditions made it unsafe to 
snorkel, surveyors abandoned their lane and resumed snorkeling when safe to 
do so.  Length of the abandoned section was recorded and incorporated into 
subsequent density calculations. Lengths of reaches and total lengths 
subsampled are presented in (Table 1). 
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Figure 4.   Map of the Bumping River basin showing summer parr snorkel survey 

locations, August 2001.  

   
Table 1.  Total length of each reach and length snorkeled during summer parr 

sampling in the Bumping River, August 2001. 

Reach Length Length Snorkeled Reach 
Number Meters Miles Meters Miles 

1 1,677 1.04 947 0.59 
2 1,931 1.20 1,356 0.84 
3 1,718 1.07 1,223 0.76 
4 1,634 1.02 1,166 0.72 
5 2,262 1.41 1,407 0.87 

Total 9,222 5.74 6,099 3.78 
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The survey team consisted of four members:  three snorkelers in dry suits 
and data recorder.  Snorkelers entered the water at the upstream end of a 
designated habitat unit and moved downstream, recording numbers, sizes and 
species of fish observed in their snorkel lane on a plastic dive slate.  Snorkelers 
relayed this information to the data taker at the end of the unit.  Each snorkeler 
counted only fish in his lane.  The snorkel lane is defined as the width of the area 
in front of the snorkeler in which fish could be positively identified.  Divers 
counted juvenile chinook, rainbow, cutthroat, brook and bull trout in two-inch 
length increments. Because of the difficulty in distinguishing between small 
cutthroat trout and rainbow trout, we combined these species into one category.  
Other fish observed, such as mountain whitefish, adult chinook, dace and 
suckers, were counted but not separated into size categories.  

 
Density estimates were calculated by dividing the number of fish observed 

by the area of the lane snorkeled for each of the three lanes (left, right, middle).  
Densities were then expanded to total habitat area in units sampled.  In this 
process, fish densities were calculated separately for each habitat unit type.   

 
We were unable to calibrate our snorkel counts in the Bumping River with 

more reliable sampling methods such as upstream counts or transect lines.  
Upstream snorkeling would provide more accurate counts but was not possible 
due to high flows.  Time and budget constraints prevented us from using other 
forms of calibration, such as transect lines.  Thus density calculations presented 
in this report should be viewed as index estimates of true fish densities.  The lack 
of more reliable estimates against which to calibrate index counts limits the 
strength of analyses that can be performed on the data. 
 
(3) Habitat Surveys 
 

During summer sampling the recorder also estimated habitat 
characteristics for all units snorkeled using a modified form of the protocol used 
by the Oregon Department of Fish and Wildlife (ODFW 1997).  Habitat 
information consisted of habitat type (riffle, run, pool, e.g.), length, width, depth, 
gradient, substrate composition, bank class, wood count, wood class, and habitat 
cover score.  Habitat types were classified according to a three-tiered 
classification system (Figure 5).  Unit lengths were measured to the nearest 
meter with a hip chain line.  Widths were measured with a laser range finder.  
Depths were estimated using a wading staff calibrated at 0.1-meter increments.  
Average depth was estimated in all units except pools, where maximum depth 
was measured.  Gradient was measured in percent slope using a hand-held 
clinometer.  Substrate in each habitat unit was visually estimated and recorded 
as the percentage composed by each of six size classes:  silt/organics, sand, 
gravel, cobble, boulder, and bedrock (Table 2).  We assigned a wood class score 
to each habitat unit using ODFW (1997) wood class definitions (Table 3).   
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Figure 5.   Hierarchical habitat typing classification key modified from Hawkins (1993) 

and ODFW (1997).  Each level number corresponds to specific habitat types 
presented in data. 
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Table 2. Classes used to estimate percent streambed area by substrate category 
(ODFW 1997). 

 
Substrate Class Particle Size 
Silt/fine organic matter  
Sand <2 mm 
Gravel pea to baseball size (2-64 mm) 
Cobble baseball to bowling ball (64-256 mm) 
Boulders larger than bowling ball (>256 mm) 
Bedrock  
 
 
Table 3.  Wood Class rating as described by ODFW (1997) methodology. 

Rating Description 
1 Woody debris absent or very low.  No habitat complexity or cover 

created. 

2 Wood present, but contributes little to habitat complexity.  Ineffective at 
moderate to high discharge. 

3 
Wood present as combinations of single pieces and small 
accumulations.  Provides some complex habitat at low to moderate 
discharge. 

4 
Wood preset with medium and large pieces comprising accumulations 
and debris jams that incorporate root wads and branches.  Good cover 
and complex habitat that persists over most stream discharge levels. 

5 

Wood present as large single pieces, accumulations, and jams that trap 
large amounts of additional material and create a variety of cover and 
refuge habitats.  Complex habitat and flow patterns exist at all 
discharge levels. 

  
Side channels contributing greater than 10 percent of total flow and 

averaging at least 0.4 meters deep were surveyed for habitat.  Research has 
shown that chinook parr prefer habitats of depths of 0.4 to 1.0 meters (Bjornn 
and Reiser 1991).  We also drew maps of the habitat surveyed showing channel 
meander pattern and major features such as gravel bars and woody debris 
accumulations.  Those maps are presented in Appendix A. 
 
     
RESULTS 
 
(1) Fry Presence/Absence Surveys, May 2000 
 
 Presence/absence snorkel surveys conducted in May 2001 revealed that 
significant natural production of spring chinook occurred in the Bumping River in 
2000 despite the effects of low winter flows.  Our protocol during 
presence/absence surveys focused on the stream margins, where chinook fry 
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are more likely to exist.  Research has shown that chinook fry seek shorelines 
with low water velocities immediately after emergence (Allen 2000; Everest and 
Chapman 1972).  Don Chapman Consultants (1989) found that emergent 
chinook fry sought protected shallow habitats less than 60 cm deep, with water 
velocity under 10 cm/s (Figure 6), and congregated in such areas in schools.  
Thomas Payne and Associates (1995) reported that chinook fry in the Yakima 
River were found almost exclusively within six feet of the bank during June 
surveys. 
 

 
  
Figure 6. Scatter plot showing relationship between length of juvenile chinook and 

the depth and velocity of water at their focal point.  From Bjornn and Reiser 
(1991), as redrawn from Everest and Chapman (1972). 

 
Chinook fry were observed in every habitat unit sampled.  Fry were seen 

throughout the stream in significant numbers.  While chinook fry may disperse 
downstream soon after hatching (Healey 1998), it is unlikely that fry could 
migrate upstream.  Those fish observed at the upper end of the Bumping River, 
then, were most probably from redds built near the dam. 

 
Chinook were by far the most abundant species observed by snorkelers 

during presence/absence surveys (Table 4). All juvenile chinook seen were 
under 60 mm long.  We rarely saw chinook in groups less than 4 individuals, and 
most chinook fry were in groups of approximately 10 to 50 fish.  Such schooling 
of fry in shallow, protected habitats has been widely reported (e.g. Lister and 
Genoe 1970; Everest and Chapman 1972; Chapman Consultants 1989).  In 
addition to those chinook fry seen during snorkeling, many fish under 60 mm long 
were observed from the bank in waters too shallow to snorkel, often in calm off-
channel areas.  Based on the proportions of chinook fry to other fish in the same 
size class observed during snorkeling, it appears that most of these fish 
observed from the bank were chinook fry. 
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Apart from juvenile chinook (N=878), we observed four year 2000 chinook 

redds and two adult year 2001 spring chinook during our surveys.  All four redds 
were covered with water, despite the fact that flow the day we snorkeled was 
approximately 90 cfs – less than half of spawning flow.  Average flow at this time 
of year is about 500 cfs (see Figure 1).     

 
Other species seen during snorkeling were cutthroat trout and mountain 

whitefish, as well as unidentified trout fry.  Numbers of individuals seen of these 
species were very few in comparison with the number of juvenile chinook 
observed (Table 4). 
 
 
Table 4. Number of individuals observed by species during snorkel surveys in the 

Bumping River, May 2001. 

 
Species Total Observed During All Snorkeling 

Juvenile Chinook 878 
Adult Spring Chinook 2 

Cutthroat Trout 14 
Mountain Whitefish 16 

Unidentified Trout Fry 3 
Unidentified Salmonids 4 

 
 
(2) Summer Parr Sampling, August 2001 
 

Age-0 chinook were seen in significant numbers in every reach, and were 
the most abundant salmonid counted in every reach sampled except reach 4, 
where the combined count of rainbow and cutthroat trout exceeded the chinook 
count by 21 fish (Table 5). Rainbow and cutthroat counts were combined due to 
the difficulty in distinguishing between these two species at sizes under 200 mm.  
We observed nearly twice as many total chinook as rainbow and cutthroat 
combined during summer sampling.  Other species seen were bull trout, and 
brook trout.  In addition, adult chinook, dace, mountain whitefish, suckers and 
sculpin were also seen in smaller numbers.   

 
Most chinook parr observed were under 100 mm in length, though some 

larger fish (probably yearlings) were seen (Figure 7).  No calibration of visual 
estimation of size was done, and size estimates were likely influenced by the 
magnifying effect of underwater observation.  The majority of chinook we 
observed were seen in riffles, which were by far the dominant habitat type 
encountered (Table 7). 

 
Spring chinook parr densities observed in the Bumping River in August 

2001 are within the range of other reported parr densities. (Figure 8).   
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Table 5. Raw counts of salmonids of interest observed during snorkel sampling in 

the Bumping River, August 2001. 

 
Raw Counts 

reach 
length 

(m) 

length 
snorkeled 

(m) 
chinook 
juveniles

chinook 
adults 

Rb & Ct 
trout 

bull 
trout 

brook 
trout 

1 1,677 987 560 17 101 3 2 
2 1,931 1,179 361 5 259 1 3 
3 1,718 1,223 456 1 299 2 0 
4 1,634 1,166 120 11 141 0 0 
5 2,262 1,313 442 22 225 0 0 

Totals 9,222 5,868 1,939 56 1,025 6 5 
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Figure 7. Length frequency distribution of chinook parr observed during snorkel 
surveys, August 2001. 
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Table 6.  Combined areas of all lanes sampled by reach and habitat type. 

Area Sampled (m^2) 

Reach Pool Rapid Riffle Run 
Small Stream 

Types 
1 152.1 0.0 11665.3 1040.5 0.0 
2 725.4 0.0 11850.0 502.9 157.3 
3 1654.1 0.0 9147.1 0.0 370.5 
4 376.4 0.0 8466.6 0.0 0.0 
5 718.7 547.4 11081.1 1477.9 348.1 

Total 3626.7 547.4 52,210.1 3021.3 875.9 
 

   Table 7.  Raw counts of chinook observed by unit type in the Bumping River, August 
2001. 

Numbers Observed per Unit Type 
Unit Type (# of units) 1 2 3 4 5 Total 
Pool (10) 19 32 77 8 49 184 
Rapid (1)     0 0 
Riffle (70) 339 255 346 112 235 1287 
Run (7) 202 16   70 288 
Small Stream Types (4)  58 33  88 179 
Total 560 361 456 120 442 1938 
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Figure 8. Comparison of Bumping River chinook parr densities with those from 22 

Idaho streams (Bjornn and Reiser 1991), the Wenatchee River (Don 
Chapman Consultants 1989) and the Tucannon River (Washington 
Department of Fish and Wildlife).  Bumping River parr densities in August 
2001 are within the range of summer parr densities reported in other 
systems. 
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(3) Habitat Survey Results 
 

Habitat in the Bumping River is remarkably homogeneous from Bumping 
Lake Dam to the American River confluence (Photo 1).  This section of stream is 
dominated by riffle type habitat, which composed nearly 90% of total habitat 
surface area surveyed, and no less than 84% of habitat surface area in any of 
the five study reaches (Figure 9).  No glides were encountered during our 
sampling.  Physical characteristics of riffle type habitats were quite constant 
across all reaches (Table 8).  Percent boulder substrate was the most variable 
physical parameter, ranging from 12 to 26%.  Multiple regression analysis 
revealed no significant correlation between index density and any of the 
substrate categories (p-values > 0.63). 

 
Some side channel habitats exist in localized areas interspersed along the 

lengths of the study sections (see habitat maps, Appendix A) (Table 9). 
 
Raw data collected during habitat sampling is attached as Appendix B. 

 
 

 
Photo 1. Typical habitat in the Bumping River in August.  Flow on the date this 

photograph was taken was 293 cfs. 
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Figure 9. Percent of total habitat by unit type in each reach described during habitat 

sampling in the Bumping River, August 2001.  

 
 
Table 8. Weighted averages of physical features of riffle type habitats in the 

Bumping River. 

Reach
Percent
Slope 

Percent 
Boulder 

Substrate
Depth 

(m) 
1 1.4 12 0.5 
2 1.3 13 0.4 
3 1.8 26 0.4 
4 1.4 17 0.4 
5 1.6 25 0.5 
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Table 9. Percent area by channel type and reach. 
 

Reach 
Channel 1 2 3 4 5 

Single 52% 80% 62% 88% 79% 
primary 42% 14% 20% 8% 18% 
secondary 3% 6% 14% 4% 3% 
tertiary 1% 0% 3% 0% 0% 
quaternary 2% 0% 0% 0% 0% 

 
 
DISCUSSION 
 
(1) Habitat Associations of Spring Chinook Juveniles in the Bumping River 
 

Figure 10 shows percent side channel habitat and density estimates for 
each reach.  Observed densities were greater in reaches 1 and 3 -- these 
reaches also had the highest proportions of habitat surface area in side 
channels.  Conversely, reach 4 had both the lowest amount of available side 
channel habitat and the lowest observed chinook parr densities.  Juvenile 
chinook generally occupy marginal areas of rivers, particularly such microhabitats 
as back eddies created by streambed profile, large woody debris, undercut tree 
roots or other areas of bank cover (Healey 1998).     Stream features favored by 
juvenile chinook, then, are less likely to be removed from smaller channels during 
flood events, and are generally associated with stream banks (Keller and 
Swanson 1979, Platts 1979).  Stream power is directly proportional to depth and 
flow, so deeper main channels have more energy than side channels even 
though both habitats may possess the same substrate and gradient 
characteristics (Bilby and Ward 1989, Hunter 1991).  Thus the wider the stream 
channel the fewer of these types of microhabitats exist per unit area of total 
stream habitat (Martin 2001). The higher densities observed in reaches with 
more side channel habitat may be related to the probability that presence of 
these types of structures per unit area of habitat is likely higher in multiple 
channel areas as opposed to single channel areas where the river occupies one 
large, wide channel. 
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Figure 10.  Percent side channel habitat (bars) and mean chinook parr density with 

95% confidence intervals (points) by reach. 

 
We found a significant difference between densities of chinook in the 

middle channel lane versus the marginal lanes across all channel types (ANOVA, 
P < 0.05).  When ANOVA test for equal means was limited to only single channel 
and primary channel observations, differences were significant at the α = 0.01 
level.  

 
Multifactor ANOVA analysis showed significantly lower index densities in 

riffles than in other unit types (p<0.05) (Figure 11).  We found a significant 
difference between index densities in the middle channel versus the marginal 
lanes in riffles (p<.01), but no significant difference for pools (p=0.08) or runs 
(p=0.49) (Figure 12).  
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Figure 11. Mean and 95% confidence intervals for chinook parr index densities in the 
Bumping River by habitat unit type.   
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Figure 12. Mean and 95% confidence intervals for chinook parr index densities in the 

Bumping River by lane location and habitat unit type. 
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It is generally recognized that juvenile salmonids diminish in density 

toward the middle of larger channels.  Most juveniles rear close to the shoreline,  
a tendency that is well documented (Allen 2000; Don Chapman Consultants 
1989; USFWS 1989; Hillman et al. 1987).  Our observations of juvenile chinook 
in the Bumping River are consistent with this pattern.  Mean lane densities were 
higher along the edges than in the middle lane for all observations conducted in 
single or primary channel habitat, where stream width is generally greater than 
15 meters.  The tendency of chinook to congregate near the river banks was 
consistent among all unit types, though the difference was only significant in 
riffles.  No such pattern was evident in side channels, where the ratio of shoreline 
to total habitat area is far greater than in larger channels.  
 

Parr densities generally increased with increasing wood complexity 
ratings.  As Figure 13 shows, observed index densities were quite similar both in 
value and range across wood ratings from 1 to 4, but increased significantly for 
wood class 5 (ANOVA, P<0.01).  This relationship is driven by high numbers of 
fish observed in the small proportion of habitat units with the highest wood class 
rating, however.  Association of juvenile salmonids with large wood has been 
widely reported (Hartman 1965, Everest 1969, Raleigh et al. 1986, Bjornn and 
Reiser 1991).  Significantly, the percentage of units receiving a 4 or 5 wood 
rating was greater in side channels than in single or primary channel habitats 
(Figure 14).  This helps explain why higher densities of chinook were observed in 
reaches with higher percentages of side channel habitat.   
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Figure 13. Bumping River chinook parr index densities by wood class.  Descriptions 

of wood class ratings are set out in Table 3. 
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Figure 14. Percentage of habitat units with high wood complexity by channel type.  

The percentage of habitat units with high wood complexity was higher in 
multiple channel sections of the river than in areas where the river 
occupied a single channel. 

 
Interestingly, our observations of Bumping River spring chinook parr 

revealed highest densities in run type habitat, with slightly fewer chinook per unit 
area observed in pools.  This may be due in part to the fact that some of the 
pools were formed by scour against bedrock walls, and contained little or no 
large wood.  Fully half of the 10 pools sampled had a wood class rating of 1, and 
no pools had a wood class rating over 4.  While index densities were highest in 
pools with the highest wood complexity, the differences were not significant.  We 
encountered few habitat units with wood complexity ratings toward the higher 
end, resulting in small sample sizes and attendant large confidence intervals .   
 
 
(2) Spawning 

 
Timing of spring chinook spawning in the Bumping River is well 

documented.  Peak spawning is reported to occur at the end of the first week of 
September (Confederated Tribes and Bands of the Yakima Indian Nation and 
Washington Department of Fish and Wildlife 1990, Fast et al. 1991).  These 
reports describe Naches basin spawning times exclusive of the American River 
to be between the middle or end of August to the middle or end of September.   
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Certainly a contributing factor to the number of chinook parr observed in 

2001 was the high number of redds in the river in 2000.  There were nearly as 
many redds in the Bumping River upstream of the American River confluence as 
during the previous 8 years combined (Table 10).  Given the number of eggs in 
the gravel in 2000, it seems evident that whatever egg and alevin mortality 
caused by winter low flow occurred, substantial numbers of chinook survived to 
the fry and parr stages.  The fact that 2001 redd counts are once again high 
suggests that flow conditions similar to those experienced by eggs and alevin in 
2001 will be sufficient to allow for significant natural production of chinook in the 
Bumping River, assuming a similar temperature profile.  The data do not indicate 
how flow conditions may be related to chinook abundances at lower redd counts.  
 
Table 10. Number of redds counted in the Bumping River between the American 

River confluence and Bumping Crossing, 1992-2001.  Yakama Nation, 
unpublished data.  

Year # of Redds 
1992 33 
1993 20 
1994 14 
1995 3 
1996 8 
1997 34 
1998 13 
1999 16 
2000 149 
2001 132 

 
On October 22, 2001 SOAC members conducted a survey for dewatered 

redds in the Bumping River from Bumping Lake Dam (RM 17.0) downstream to 
near Chipmunk Creek (RM 7.2).  Flows in the Bumping River were 150 cfs during 
spawning, reduced to 68 cfs by the day of the survey.  The objective of the 
survey was to determine the depth of flow various redds had over them following 
a significant reduction in flow after the irrigation season.  One hundred fifty one 
redds were observed.  Seventy four percent of redds observed had over two 
inches of water flowing over them, while 85% had some flow over them (Table 
11). 
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Table 11. Water depths over spring chinook redds in the Bumping River, October 22, 
2001.  (Patrick Monk, personal communication). 

 
Water Depth 

(inches) 
# of 

Redds % 
Exposed-no surface flow 23 15 

1-2 31 21 
2-3 28 19 
3-4 24 16 
4-5 11 7 
5-6 11 7 
>6 23 15 

      
Total 151 100 

 
These results indicate that a drop in the outflow from Bumping Lake Dam 

to as low as 50% of the spawning flow still provides adequate water over most of 
the redds.  Flows as low as 60 cfs during winter 2001 were enough to provide for 
rearing of significant numbers of juvenile chinook in the Bumping River in 
summer of that year.  Additional surveys in summer 2002 will allow us to gather 
more comparative density data to further examine the phenomenon that allows 
spring chinook production to occur even though incubation flows were reduced 
significantly after spawning. 
 
(3) Hatching 
 

Our analysis indicates that spring chinook eggs in the Bumping River 
hatched in 2001 before water temperatures fell below the lethal level for eggs.  
Temperature is a good predictor of egg development (Fowler 1972, Murray and 
Beacham 1987, Beer 1999).  Beacham and Murray (1990) examined the effect of 
various temperature regimes on development of spring chinook eggs held in the 
lab at constant temperature.  They showed that survival of eggs incubated at 
constant temperature begins to fall at temperatures above 16 degrees or below 4 
degrees C (Figure 15).  Similarly, Alderdice and Velsen (1978) found that 
prehatch mortality exceeds 50% at 14 degrees C.  The range of optimal 
temperatures for spring chinook is different for different life stages, however.  
Tolerance to cold temperatures increases as development proceeds, and 
Beacham and Murray found no drop in survival of alevin at temperatures as low 
as 2 degrees C.  Timing of stream type chinook spawning in any particular 
stream, then, typically begins late enough in the year that water temperatures 
begin to drop and remain below the upper tolerance limits of freshly spawned 
eggs (16 degrees C), but early enough that development has progressed far 
enough to allow embryos to tolerate temperatures below 4 degrees C before 
those temperatures occur (Cramer 2001).  This pattern is consistent with timing 
of spawning in the Bumping River in 2000, where peak spawning typically occurs 
at the end of the first week of September.   



S.P. Cramer & Associates, Inc.         Bumping River Survey  January 2002 
 

 24

 
 

 
 

Figure 15. Survival rates of eggs and alevin chinook developed under constant 
temperature.  From Beacham and Murray (1990). 

 
Figure 16 shows the relationship between temperature and number of 

days to hatch.  The curve was derived from laboratory experiments at constant 
temperature (Beacham and Murray 1990).  We calculated total number of degree 
days to hatch from the Beacham and Murray curve, and found that the number of 
degree days to this major life stage event was relatively constant across all 
temperatures.  In fact, total degree days to hatch varied only 7% from the mean 
across all temperatures examined by Beacham and Murray. 

 
Using peak and range of spawning time in the Bumping River as our start 

point, we estimated early, peak and late hatch times based on the relationship 
between temperature and days to hatching outlined above (Figure 17).  We 
estimate early spawning at 8/15 and late spawning at 9/20, with a peak at 9/7 
(Confederated Tribes and Bands of the Yakima Indian Nation and Washington 
Department of Fish and Wildlife 1990, Fast et al. 1991).  Hatching generally 
occurs at about degree day 540, and in Figure 16 is represented by the 
intersection of the cumulative degree day curves with the dotted line.  Thus the 
range of potential hatching times would be from roughly then end of September 
to the end of November.  Lines are dashed at the ends of the peak and late 
spawner curves to indicate uncertainty, because the Beacham and Murray 
relationship of temperature to developmental rate breaks down at temperatures 
below 2 degrees.  Temperatures in the Bumping River dropped to 2 degrees on 
November 25 and stayed at or below this level for the next four months (see 
Figure 18).  Thus after around November 25 the predictive value of the Beacham 
and Murray curve is decreased.  In any event, it is clear from the plot of 
cumulative degree days that hatching occurred in the Bumping River in 2001 at 
the very latest right at about the time that the temperature dipped down to 2 
degrees, so estimates of hatch time are well predicted by the Beacham and 
Murray relationships. 

 

eggs         alevin 
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More importantly, the fact that hatch occurred before the temperature fell 
below 2 degrees means that eggs had hatched before water temperature in the 
Bumping fell below the lethal limit for eggs.  As discussed above, alevins have 
been found to possess much greater ability to withstand cold temperatures than 
eggs (see Figure 15), so it seems unlikely that any significant temperature-
related mortality of spring chinook eggs occurred in the Bumping River over 
winter 2000/2001.   
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Figure 16.   Relationship of temperature to number of days to hatch.  Light line shows 

number of days to hatch for eggs reared under constant temperature.  
From Beacham and Murray (1990).  Dark line shows total degree days to 
hatch across the range of temperatures at studied by Beacham and Murray 
(1990).  Mean degree days to hatch was 540 across rearing temperatures 
ranging from 2 to 15 degrees C. 
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Figure 17. Cumulative degree days over time for early, peak and late spawning spring 

chinook in the Bumping River, 2000.  Mean hatch for each curve occurs at 
the intersection with the dashed line at 540 degree days. 

 
Hatch times were also calculated using the spring chinook egg and alevin 

development model authored by Anderson and Beer (1997), which takes into 
account changing temperatures over time.  Outputs from both approaches 
yielded peak hatch dates within the same 48 hour period.   

 
Figure 18 shows the temperature and flow profiles in the Bumping River 

during spawning and incubation, 2000-2001, and the range and peak of 
spawning and hatching.  The dark band represents the range of spawning times; 
the light band is the corresponding range of hatching times.  Arrows denote peak 
spawning time and corresponding peak hatching time.  Note that all spawning 
would have been completed by the time the flow dropped below 170 cfs – the 
incubation flow recommended by SOAC (dotted line).  The plot of temperature 
over time graphically shows that the majority of spring chinook eggs in the 
Bumping River would have hatched before water temperature dropped below 2 
degrees.  The fact that hatching occurred over a period of changing temperature 
suggests that the spread of emergence timing was greater than if hatching 
occurred during more stable temperatures.  Differences in hatch time could 
translate into a wide range of emergence weights, with implications on survival of 
juvenile chinook over the course of the following year.  Larger size almost 
universally means higher probability of survival, since swimming speeds are 
generally higher and gape-limited predators are fewer (Beer and Anderson 
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2001).  The data are insufficient to make any attempts at predicting size at 
hatching over the range of potential hatch times.   
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Figure 18.   Temperature and flow profiles in the Bumping River during spring chinook 

spawning, incubation and hatching, 2000 – 2001.  Arrows indicate date of 
peak spawning and corresponding dates of estimated peak hatching, 
based on developmental rates reported by Beacham and Murray (1990) and 
Beer and Anderson (1997).  The graph of temperature over time shows the 
adaptive advantage of spring chinook spawning in the Bumping River in 
early September as water temperatures begin to drop below the upper 
lethal limit for eggs.  Spawning during this time ensures that a high 
proportion of eggs are hatched by late November, before temperatures 
drop and remain below the lower tolerance limit of eggs in the gravel.     
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(4) Parr Rearing Densities 
 
Parr index densities in summer 2001 in the Bumping River were within the 

range observed in other streams. (see Figure 8). 
 
We found three studies that reported significant data sets of chinook 

observations in terms of densities per habitat type.  Bjornn and Reiser (1991) 
present data on chinook parr densities in riffle, run and pool type habitats over 22 
streams surveyed in Idaho in 1985 and 1986.  They found that relative densities 
between unit types were consistent across streams and years.  Chinook were 
more abundant in pools and runs, and least abundant in riffles.  The Washington 
Department of Fish and Wildlife has reported spring chinook parr rearing 
densities in the Tucannon River since 1990 as part of an effort to evaluate 
response of natural production to operation of Tucannon Hatchery (Bumgardner 
et al. 1994, 1995; Mendel et al. 1993).   Don Chapman and Associates (1989) 
estimated chinook parr densities in the Wenatchee River by habitat type during 
summer 1987. 

 
Tucannon River densities were highest in pool and lowest in riffle type 

habitat.  Similarly, data reported for the Wenatchee River exhibit the same 
pattern of highest densities in pools and lowest densities in riffles, with densities 
for run type habitat having intermediary values.  These patterns are likely due to 
the fact that habitats with great diversity of the type preferred by juvenile chinook 
are typically associated with large wood, which in turn is more likely to be 
deposited and remain in lower flow areas such as pools as opposed to higher 
velocity areas where high water events may flush large debris downstream.  
Densities in the Tucannon River were higher in side channel habitats, probably a 
reflection of the higher ratio of edge habitat to total habitat area than in the main 
channel. 

 
The higher densities reported for the Tucannon River than for other 

streams are likely related to differences in methodology and stream size between 
the Tucannon and the Bumping and Wenatchee Rivers, and the Idaho streams.  
Snorkeling efforts in the Tucannon River proceeded in an upstream direction with 
the aid of a fixed rope.  These differences affect counts in several ways.  First, 
because fish are approached from behind they are less likely to be spooked by a 
snorkeler before being counted, in contrast to being approached from an 
upstream direction within the fish’s range of view.  Second, snorkeling upstream 
with a fixed rope enables snorkelers to hold position more effectively and to 
maintain a constant speed more easily than downstream snorkelers, who may 
have trouble holding position to effectively estimate numbers of fish in schools 
because of the effect of the river current.  This difficulty is especially present in 
streams of moderate gradient, such as the Bumping, where water often flows 
with force too great for snorkelers to resist.  Thus the downstream snorkeler is 
often at the mercy of the river flow, and must count as many fish as he can while 
the river pushes him along, the fish more susceptible to being spooked as the 



S.P. Cramer & Associates, Inc.         Bumping River Survey  January 2002 
 

 29

snorkeler approaches.  The upstream snorkeler, by contrast, may more easily 
sneak up on fish and hold position until he is confident that all fish have been 
counted.  This is especially true in cases where a fixed rope is used.   

 
Another factor influencing relative densities in the streams listed in Figure 

12 is stream width.  Average channel widths in the Tucannon River during 
summer parr surveys were 8-12 meters; widths in the Bumping River during 
SPCA’s august snorkeling averaged 20-25 meters.  The low densities reported 
for the Wenatchee are probably due in part to the width of that stream compared 
to the others in Figure 8.  Like our efforts in the Bumping River and those of 
Bjornn and Reiser (1991) in Idaho, Chapman (1989) calculated densities using 
total habitat surface area rather than shoreline surface area.  Chapman (1989) 
describes using four to seven snorkelers in the Wenatchee, meaning that 
anywhere from half to 5/7 of the data collected in the Wenatchee came from mid-
channel areas as opposed to the stream margins where chinook have been 
found to congregate.  Chapman (1989) acknowledges that observed chinook 
densities in the Wenatchee were lower than values reported in the literature, and 
states “a possible explanation for this disparity is that the Wenatchee River has 
little shoreline habitat in relation to stream surface area and discharge volume.”   

 
Because Tucannon snorkeling proceeded upstream, and because of the 

smaller channel width of the Tucannon, we regard the densities reported for that 
stream as more accurate than those from other studies, as well as those 
densities calculated by SPCA for the Bumping River.  It is likely that true 
densities in the Bumping River were higher than those observed by SPCA in 
August 2001.   

 
Habitat in the riffle-dominated Bumping River is not ideal for chinook 

juvenile rearing.  The scientific literature is rich with studies noting the preference 
of juvenile chinook for slow water type habitats such as pools and glides (Raleigh 
et al. 1986, Hillman et al. 1987, Don Chapman Consultants1989, Hayman et al. 
1996, Cramer 2001).  These types of habitats are few and far between in the 
Bumping River.  Significantly, Don Chapman Consultants (1989) reported lowest 
densities in the reach of the Wenatchee dominated by “continuous, low gradient 
riffle” – a description that can be applied to the entire stretch of the Bumping 
River between Bumping Lake Dam and the American River confluence.  
Observed densities in the Bumping River, however, were higher than Wenatchee 
densities for every reach.  Though habitat in the Bumping River is less than ideal 
for juvenile chinook rearing, index parr densities in summer 2001 were within the 
range of observed parr densities in other streams. 
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CONCLUSIONS 
 

 
Surveys of chinook fry and parr densities, and of habitat conditions, were 

undertaken in the Bumping River in 2001.  This work was conducted to assess 
concerns that nearly the entire year 2000 brood of chinook were destroyed as a 
result of low instream flows in the Bumping River during the egg incubation 
period.  Significant numbers of fry and parr appear to successfully rear in the 
Bumping in 2001 despite the low incubation flows.  Our surveys indicate that 
chinook fry and parr were distributed in all habitats throughout the survey 
segments, and index densities estimated for Bumping River summer parr were 
within the range reported for other streams.   

 
Consistent with other investigations, highest densities of chinook parr 

were observed along the banks of the river, near log jams, or in side-channels, 
while lowest densities of chinook parr were observed in the middle of the main 
channel, or in riffles.  The predominant habitat type in the Bumping River is low-
gradient riffle, which is probably the principal constraint on the carrying capacity 
of the Bumping River for chinook parr.    

 
 Under the conditions experienced by spawning adults and their eggs 

during 2000/2001, it is evident that even late-spawned eggs would have hatched 
before temperatures fell below levels harmful to incubating eggs.   

 
Given the large number of redds observed in the fall of 2001, it is likely 

that the instream flow regime of the Bumping River will maintain viable redds 
despite flows as low as 60 cfs during incubation.  Results of our sampling 
indicate that current project operations providing flows in the Bumping River for 
incubation at 50% of spawning flows are sufficient to maintain fish life in years of 
high spawner return.  The data are insufficient to make a determination regarding 
whether lower flows would be sufficient to provide for significant natural 
production in years where spawner abundance is less than that observed in 2000 
or 2001. 
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Appendix A.  Maps of habitat surveyed during summer parr snorkeling, 
August 2001. 
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Appendix B. Habitat Data collected during summer sampling in the 
Bumping River, August 2001 

 
reach unit # channel unit type slope width depth length silt/org sand gravel cobble boulder bedrock wood class 

1 1 1 riffle 1 26 0.5 249 0 5 10 75 10 0 2 

1 2 2 riffle   0.2         

1 3 1 pool 0 19 1.75 19.2 0 0 20 75 5 0 4 

1 4 1 riffle 3 19 0.5 53.2 0 5 10 85 0 0 2 

1 5 1 run 2 25 0.7 41.3 5 40 35 20 0 0 5 

1 6 1 riffle 2.5 40 0.4 156.9 0 0 15 75 10 0 5 

1 7 0 riffle 1 20 0.4 390.4 0 0 30 60 10 0 2 

1 8 0 riffle 1 21 0.35 51 0 0 20 70 10 0 1 

1 9 1 riffle 1.5 31 0.45 154 0 5 15 70 10 0 2 

1 10 2 riffle 1 5 0.25 47 0 10 15 75 0 0 2 

1 11 0 run 0.2 21 0.5 66.4 0 5 10 80 5 0 1 

1 12 0 riffle 1.5 20 0.5 297 0 10 20 60 10 0 2 

1 13 0 riffle 3 22 0.5 98 0 0 20 30 50 0 2 

1 14 0 riffle 0.5 21 0.5 101 0 0 5 85 10 0 1 

2 1 1 riffle 2 14 0.45 80 0 0 10 50 40 0 1 

2 2 2 riffle 2 5 0.4 80 0 5 25 35 35 0 1 

2 3 2 riffle-pool 1 4 0.25 129 10 25 60 5 0 0 4 

2 4 1 riffle 2.5 18 0.5 95 0 5 5 80 10 0 2 

2 5 0 riffle 2 19 0.5 115 0 5 10 65 20 0 1 

2 6 0 riffle 1 19 0.4 211 0 0 5 60 35 0 1 

2 7 0 riffle 3.5 25 0.6 60 0 5 15 50 30 0 2 

2 8 0 riffle 1 24 0.4 422 0 0 10 80 10 0 1 

2 9 0 riffle 3 30 0.35 57 0 5 5 80 10 0 2 

2 10 0 run 0.5 20 0.9 75 0 5 10 85 0 0 2 

2 11 0 riffle 3 24 0.5 80 0 0 0 90 10 0 1 

2 12 0 pool 0 20 2 40 0 5 15 65 15 0 3 

2 13 0 riffle 1 31 0.35 77 0 0 15 80 5 0 3 

2 14 1 riffle 1.5 8 0.3 72 0 5 5 80 10 0 1 

2 15 2 riffle 1.5 10 0.6 72 0 0 0 80 10 10 1 

2 16 0 riffle 0.5 18 0.4 422 0 5 10 80 5 0 2 

2 17 2 riffle 1 7 0.25 150 0 10 60 30 0 0 4 

2 18 1 riffle 1 20 0.45 90 0 10 20 60 0 10 3 

2 19 1 pool 0 18 2.5 35 0 0 10 70 5 15 1 

4 1 0 riffle 1 27 0.35 220 0 5 15 75 5 0 2 

4 2 0 riffle 2 19 0.4 62 0 0 10 75 15 0 2 

4 3 0 riffle 1.5 19 0.5 143 0 5 10 55 30 0 1 

4 4 0 riffle 0.5 30 0.35 53 0 5 15 60 20 0 1 

4 5 0 riffle 1.5 25 0.5 100 0 0 10 50 40 0 1 

4 6 0 pool 0 30 1.75 47.5 0 50 10 10 10 20 3 

4 7 0 riffle 2 20 0.8 93 0 0 10 40 50 0 1 

4 8 0 riffle 1.5 27 0.55 98 0 0 10 50 40 0 1 

4 9 0 riffle 2 19 0.4 120 0 0 5 50 40 5 1 

4 10 0 riffle 1 27 0.3 89 0 5 5 90 0 0 1 
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reach unit # channel unit type slope width depth length silt/org sand gravel cobble boulder bedrock wood class 
4 11 2 riffle 0.5 10 0.25 151 0 5 15 75 5 0 3 

4 12 1 riffle 1 19 0.7 180 0 0 10 60 30 0 2 

4 13 0 riffle 2 30 0.35 318 0 5 5 90 0 0 1 

4 14 0 riffle 1 25 0.45 110 0 0 15 80 5 0 1 

3 1 2 riffle 1.5 12 0.4 42 0 25 50 25 0 0 3 

3 2 2 pool 0 8 0.9 13 15 15 45 25 0 0 4 

3 3 2 riffle 4 7 0.3 51 0 10 30 60 0 0 4 

3 4 3 riffle-run 1 8 0.25 101.3 0 10 60 30 0 0 3 

3 5 2 riffle 1.5 12 0.4 71 0 0 25 70 5 0 1 

3 6 1 riffle 1 15 0.5 140 0 5 5 85 5 0 3 

3 7 0 pool 0 19 2 98 0 5 40 55 0 0 1 

3 8 1 riffle 1.5 16 0.3 105 0 5 30 55 10 0 3 

3 9 2 riffle 1.5 14 0.25 98 0 5 40 55 0 0 1 

3 10 0 riffle 1.5 20 0.5 84 0 5 5 45 45 0 4 

3 11 0 pool 0 17 3 31.2 0 5 20 50 25 0 1 

3 12 0 riffle 2 27 0.3 49.5 0 10 15 70 5 0 1 

3 13 0 run 0.5 19 0.5 78 0 5 15 80 0 0 2 

3 14 1 riffle 1 14 0.5 102 0 0 20 75 5 0 2 

3 15 2 riffle 1.5 11 0.4 80 0 0 15 70 15 0 2 

3 16 0 riffle 1.5 15 0.6 78 0 0 10 70 20 0 1 

3 17 0 riffle 2 15 0.6 365 0 0 0 40 60 0 2 

3 18 0 riffle 1.5 23 0.4 152 0 5 10 60 25 0 1 

3 19 1 riffle 2 16 0.6 102 0 0 10 50 40 0 2 

3 20 2 riffle 1.5 12 0.2 78 0 5 35 55 5 0 2 

3 21 3 riffle 2.5 7 0.25 47 0 20 40 40 0 0 4 

3 22 2 riffle 3 8 0.7 30 0 0 5 35 60 0 4 

3 23 1 riffle 2 10 0.4 50 0 5 5 40 0 50 1 

3 24 0 pool 0 23 2.5 49 0 25 20 35 0 20 2 

3 25 0 riffle 2.5 19 0.35 234 0 0 0 50 50 0 1 

5 1 0 riffle 2.5 30 0.45 148 0 0 5 55 40 0 2 

5 2 0 run 0.5 24 0.5 75 0 10 10 75 5 0 2 

5 3 0 rapid 3.5 17 0.8 130 0 0 5 60 35 0 1 

5 4 0 run 0.5 20 0.5 52 0 10 40 45 5 0 1 

5 5 0 riffle 1 26 0.35 203 0 15 40 40 5 0 2 

5 6 1 riffle 1 19 0.3 42 0 0 50 50 0 0 2 

5 7 1 pool 0 12 2 27 0 10 40 50 0 0 4 

5 8 1 riffle 1.5 20 0.4 47 0 5 40 50 5 0 2 

5 9 2 step-pool 0.5 11 0.5 73 10 70 20 0 0 0 5 

5 10 2 riffle-run 0.5 5 0.5 170 10 45 40 5 0 0 3 

5 11 1 pool 0 21 2.5 45 0 10 15 60 10 5 1 

5 12 1 riffle 2 27 0.5 82 0 0 5 85 10 0 2 

5 13 1 riffle 1.5 21 0.6 243 0 0 0 70 30 0 2 

5 14 0 riffle 1 21 0.5 284 0 10 5 65 20 0 2 

5 15 0 riffle 1.5 24 0.35 158 0 0 10 70 20 0 2 

5 16 0 riffle 2.5 14 0.6 67 0 5 5 40 50 0 1 

5 17 0 run 0.5 19 1 29 0 0 10 70 20 0 1 
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reach unit # channel unit type slope width depth length silt/org sand gravel cobble boulder bedrock wood class 
5 18 0 riffle 2 24 0.7 131 0 0 10 50 40 0 1 

5 19 0 riffle 1 24 0.55 133 0 0 10 60 30 0 2 

5 20 0 riffle 2 25 0.5 366 0 5 10 55 30 0 2 
 


