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Habitat typing on Lower Grizzly Creek.  Photo by P. Trichilo 

 
Habitat Typing 

One of the original tasks proposed for this project was to engage in habitat typing of several 
tributaries to the Van Duzen River within the lower basin.  However, it became apparent that the 
anticipated sampling and habitat typing for theses streams had already been recently completed 
by the CA Department of Fish & Game (CDFG) during the summer of 2006.  Streams for which 
these studies are reviewed match the names of their respective planning watersheds (Chapter 3, 
Figure 3-1), and include Cummings, Hely, Grizzly, Stevens, and Lawrence Creeks.  Reports are 
also reviewed for the North, Middle, and South Forks of Yager Creek, which also match the 
names of their respective watersheds.  Reports on these streams are available through CDFG and 
are generally in pdf format.  Data collected on the Main Stem Van Duzen River during the 
summer of 2007 for the Van Duzen Watershed Project are presented here in addition to the data 
collected by CDFG.   
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Habitat typing is a method for sampling or surveying the physical conditions of a stream, and 
compiling the information to create an inventory of the many components that comprise its 
physical condition.  The objective of the survey is to record the physical status (statistics) of a 
stream, and to quantify the attributes that influence its potential to support native salmonid 
species.  Examples of Level II stream habitats include riffles, pools, and flatwater.  In many 
cases, another commonly recognized category called a run (water moving at a moderate speed) is 
characterized as a Level IV habitat, which is listed as a subcategory of flatwater.  
 
The CDFG habitat inventory data collection uses a method that samples approximately 10% of 
the habitat units within each survey reach, classifying and measuring all habitat units included in 
the survey according to habitat type and length. All pool units are measured for maximum depth, 
depth of pool tail crest (measured in the thalweg), dominant substrate composing the pool tail 
crest, and embeddedness.  Habitat unit types encountered for the first time are measured for all 
the parameters and characteristics on the field form. Additionally, from the ten habitat units on 
each field form page, one is randomly selected for complete measurement. All pools except step-
pools are fully sampled. 
 
Some other physical characteristics include: number and proportion of pools, average pool depth, 
flow, channel type, temperature, embeddedness, shelter rating, percent canopy cover, bank 
composition and vegetation, large woody debris counts, and average bank-full width.   
 
Embeddedness is a useful metric that requires understanding how cobble or large rocks are 
submerged within the substrate of the stream, and is defined as the depth to which cobble (large 
rock) is embedded in pool tail-outs (just above the riffle).  A value of 1 indicates that the average 
cobble sampled was embedded between 0 and 25%, a value of 2: 26 – 50%, 3: 51 – 75%, and 4: 
76 – 100%, where a value of 1 indicates the best spawning conditions and a value of 4 the worst.  
A value of 5 indicates tail-outs composed of inappropriate substrate such as bedrock, log sills, 
boulders, or other considerations.   
 
Primary pools in first and second order streams in the Lower VDR Basin are defined as having a 
maximum residual (low water during summer months) depth of at least 2 feet, and in third and 
fourth order streams, a depth of at least 3 feet.   If primary pools comprise less than 40% of all 
pools, pool enhancement projects are recommended.   In general, healthy streams in the Pacific 
Northwest should have a higher frequency of pools than any other habitat, and in coastal Coho 
and steelhead streams, it is generally desirable to have primary pools comprise at least 50% of 
the total habitat (CDFG 1991).   
 
Some biological data recorded by CDFG, primarily from electro-fishing also provides interesting 
insight into the relative health of these streams, as they all exhibited historic runs of salmon and 
steelhead, and these cold water species are extremely specific indicators of stream health and 
therefore water quality.   
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In these habitat surveys conducted from 1991 through 2006, CDFG sampled for numerous 
physical parameters listed above, which were then statistically processed (program title: Stream 
Habitat 2.0.19, a Visual Basic data entry program) to produce a series of summary graphs, tables, 
and charts of the analysis and results.  The habitat inventory conducted in Hely Creek follows the 
methodology presented in the California Salmonid Stream Habitat Restoration Manual (Flosi et 
al, 1998).  Results of these surveys plus data from the VDWP survey of the main stem Van 
Duzen River were summarized for stream habitat (Table 2-1) and for salmonid (Steelhead) 
counts (Table 2-2).   
 

Figure 2-1.  Three reaches sampled for 
habitat type in Cummings Creek (CDFG 
2006) 

Cummings Creek 

Cummings Creek was sampled for information 
about habitat from June 19 to June 28, 2006.  The 
location of this creek and the reaches that were 
sampled are shown in Figure 2-1.  Cummings 
Creek's legal description at the confluence with 
Van Duzen River is Township 02N, Range 01E, 
and Section 26.  Its location is 40°31'25" north 
latitude and 124°01'52" west longitude, LLID 
number 1240310405236.  Cummings Creek is a 
first order stream and has approximately 3.2 miles 
of blue line stream according to the USGS 
Hydesville 7.5 minute quadrangle.  Cummings 
Creek drains a watershed of approximately 4.97 
square miles.  Elevations range from about 124 
feet at the mouth of the creek to 1,750 feet in the 
headwater areas (average elevation of headwaters, 
not highest point).  Redwood forest dominates the 
watershed, which is mostly private property, 
managed for timber production and residential us
For the stretch of stream sampled, Cummings Creek is described as a combination of C4 
(meandering point-bar riffle/pool alluvial channels with broad well defined floodplain on low 
gradients and gravel-dominant substrates) in the lowest reach (first 2,560 feet), F4 (entrenched, 
meandering, riffle/pool channels on low gradients with high width/depth ratios and gravel 
dominant substrates) in the middle reach (6,274 feet), and B3 (moderately entrenched channel, 
with a moderate gradient, riffle dominated with infrequently spaced pools, a very stable plan and 
profile, stable banks, and cobble-dominated substrate) in the upper reach (7,404 feet).   
 
The third (upper) reach best characterizes the habitat and location of the Turbidity Threshold 
Sampling (TTS) station, established by the VDWP project on Cummings Creek in which water 
quality was sampled during hydrologic year (HY) 2007 and HY08.  Currently, the station is still 
maintained and operated with help from Jesse Noel of Salmon Forever.  Results of the TTS 
sampling program have been reported in our semi-annual reports for HY07 and HY08.   
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Level II habitat frequencies in Cummings Creek based on occurrence included 42% pools, 34% 
riffles, and 22% flatwater (Table 2.1).  In terms of length, frequencies changed to 29% pools, 
32% riffles, and 37% flatwater.  The most frequent Level IV habitat types by percent occurrence 
were mid-channel pool units (35%), low gradient riffle units (28%), and step run units (14%).  
The three highest frequencies of these habitat types based on percent total length were 28.1% 
step run units, 26.1% low gradient riffle units, and 25.1% mid-channel pool units.   
 
Of the 137 pool tail-outs measured, 9.2% had an embeddedness value of 1, 23% a value of 2, 
26.8% a value of 3, and 38.4% a value of 4 (Table 2-1).   Water temperatures during physical 
sampling (from June 19 to June 28) ranged from 54 to 59 degrees Fahrenheit (12.2 to 15.0 
degrees Celsius, based on oC = (oF – 32) * 5/9).   
 
For the surveyed length of Cummings Creek, 88% was under canopy, and thus 12% was open, 
with canopy composition being 55% hardwood and 45% conifer (Table 2-1).  The dominant 
elements composing the structure of the stream banks consisted of 1.1% bedrock, 1.1% boulder, 
1.7% cobble/gravel, 96.1% sand/silt/clay (Table 2-1).    
 
In the lowest reach (first 2,560 feet) no sites were sampled for salmonids because the stream was 
completely dry.  Nine sites that were sampled in the middle reach (6,274 feet) yielded 99 young-
of-the-year, 40 age 1+, and 4 age 2+ steelhead/rainbow trout, and two sites that were sampled in 
the uppermost reach (7,404 feet) yielded 5 young-of- the-year, 8 age 1+, and 1 age 2+ Steelhead/ 
Rainbow Trout (Table 2-2).  This resulted in an average of 15.9 total fish per sample site in the 
lower reach, and an average of 7 total fish per sample site in the upper reach.  No Coho or 
Chinook Salmon were recorded at any of the sampling sites.  A water temperature of 51 degrees 
Fahrenheit (10.6 degrees Celsius) was recorded during biological sampling.   
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Table 2-1.  Summary of habitat statistics for all eight streams sampled by CDFG within the Lower Van Duzen River Basin 
(1991 – 2006), plus statistics from habitat typing on the Main Stem Van Duzen River in 2008.   
 
                        

Stream Name & Year 
Surveyed 

FREQUENCY by 
Occurrence FREQUENCY by Length Embeddedness 

% 
Pools 

% 
Riffles 

% Flat-  
water 

% 
Pools 

% 
Riffles 

% 
Flatwater 

1 (0 - 
25%) 

2 (26 - 
50%) 

3 (51 - 
75%) 

4 (75 - 
100%) 

5 
(Unsuitable)

Cummings Creek '06 42 34 22 29 32 37 9.2 23 26.8 38.4 0 
Hely Creek '06 31 34 34 23 37 37 0 13.7 44.1 16.7 25.5 
Grizzly Creek '06 34 45 21 31 47 22 38.3 49 6.2 0 6.2 
Stevens Creek '06 46 32 20 38 31 31 51.2 20.9 20.9 4.7 2.3 
                        
Lawrence Creek '06 31 32 34 28 33 36 16.7 57.1 16.7 7.1 2.4 
NF Yager Creek '03 30 35 35 30 27 43 11.7 29.7 26.2 8.3 24 
MF Yager Creek '91 50 36 13 33 49 16 17.4 30.4 52.2 0 0 
SF Yager Creek '00 34 20 46 20 17 63 6 3 26 3 63 
Main Stem VDR '08 29 29 42 34 18 48 14.7 30.7 20 1.3 4 

                  

Stream Name & Year 
Surveyed 

CANOPY SUBSTRATE 
% 

Cover 
% 

Open 
% Hard-   

wood 
% 

Conifer 
% Bed 
rock 

% 
Boulder 

% 
Gravel 

% 
Silt/Clay

Cummings Creek '06 88 12 55 45 1 1 2 96 
Hely Creek '06 98 2 86 14 6 0 19 75 
Grizzly Creek '06 70 30 52 48 16 35 34 15 
Stevens Creek '06 81 19 39 61 15 3 13 69 
                  
Lawrence Creek '06 70 30 14 86 5 17 56 22 
NF Yager Creek '03 54 46 72 28 12 38 40 10 
MF Yager Creek '91 40 60 58 42 10 21 11 58* 
SF Yager Creek '00 73 27 75 25 0 59 30 11 

* Inferred from description of the habitat.
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Table 2-2.  Summary of results of sampling for salmonids (Steelhead) for all eight streams 
sampled by CDFG within the Lower Van Duzen River Basin (1991 – 2006). 
 

          
  Average No. Steelhead Per Sample Site Total No. 

Sample 
Sites STREAM NAME Young of 

the Year 1 Year + 2 Years + 
Cummings Creek '06 9.5 4.4 0.5 11 
      
Hely Creek '06 2.9 2.3 0.1 12 
      
Grizzly Creek '06 23.7 3.4 0.3 7 
      
Stevens Creek '06 11.3 2.2 0 6 
      
NF Yager Creek '03 13.9 7.1 0.8 16 
      
MF Yager Creek '91 7.3 * 3 
      
SF Yager Creek '00 3.1 1.4 0.1 7 

* Salmonids were not classified based on age in MF Yager Creek. 
 
Cummings Creek exhibited adequate to good temperatures during the sampling period which 
occurred before summer highs in late July and early August.  However, pool frequencies were 
below 40%, and therefore could be considered low.  Pools were also relatively shallow for the 
time of year, with only 32% of the 142 pools having a maximum residual depth greater than 2 
feet, which triggers the 40% minimum threshold for which pool enhancement projects need to be 
recommended.  The type of enhancement project suggested was installation of structures that 
would increase and/or deepen pool habitats, which is often accomplished by insertion or natural 
large woody debris (LWD).   
 
Results from sampling for embeddedness showed that the highest proportion of samples (38.4%) 
had the highest rating for embeddedness (Value 4).  This is agreement with our experiences at 
Cummings Creek, which seems to be a highly embedded habitat, and although young steelhead 
have been observed, this Value of embeddedness does not facilitate adequate spawning 
conditions for salmonids.  Perhaps this condition is in part responsible for the absence of Coho 
and Chinook salmon in this stream, although anecdotal information has suggested that barriers 
are present in the lower reaches.  Rainbow trout are often found in “land-locked” conditions and 
do not need to return to the ocean to complete their life cycle.   
 
The CDFG report stated that 107 of the 141 pool tail-outs measured (76%) had gravel or small 
cobble as the dominant substrate, which in contrast to the embeddedness values, is generally 
considered good for the spawning of salmonids.   
 
 
 

VDWP Watershed Management Plan  2-6 Agreement No. 06-149-551-0 
 



Chapter 2: Stream and Riparian Habitat Management 

VDWP Watershed Management Plan 2-7 Agreement No. 06-149-551-0 
 

CDFG Recommendations for Cummings Creek:  
 
1) The creek should be managed as an anadromous, natural production stream.  
 
2) Although maximum temperatures were acceptable for juvenile salmonids, continuous 

temperature monitoring should be employed during the months of July and August. 
 
3) The amount of complex woody cover (e.g., hardwoods and conifers) should be increased in 

pools and flatwater habitats. 
 
4) Pool enhancement structures should be added to increase the number of and/or deepen 

existing pools. This must be done where the banks are stable or in conjunction with stream 
bank armor to prevent erosion. 

 
5) Inventory and map sources of stream bank erosion and prioritize them according to present 

and potential sediment yield, to identify sites that should be treated to reduce the amount of 
fine sediments entering the stream.   

 
 
Hely Creek 

Figure 2-2.  Three reaches sampled for 
habitat type on Hely Creek (CDFG 2006). 

Hely Creek was sampled for habitat data from 
June 5 to June 19, 2006.  The location of this 
creek and the reaches that were sampled are 
shown in Figure 2-2.  Hely Creek's legal 
description at the confluence with Van Duzen 
River is T01N R02E S05.  Its location is 
40°29'56.0" north latitude and 123°58'34.0" west 
longitude, LLID number 1239760404988.  Hely 
Creek is a second order stream and has 
approximately 5.83 miles of blue line stream 
according to the USGS Owl Creek and Redcrest 
7.5 minute quadrangle.  Hely Creek drains a 
watershed of approximately 3.65 square miles. 
Elevation ranges from about 216 feet at the 
mouth of the creek to 1,850 feet in the 
headwaters area (average elevation of 
headwaters, not highest point).    Redwood and 
Douglas fir forest dominates the watershed, 
which is privately owned and managed for 
timber production. 
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For the stretch of stream sampled, Hely Creek is described as a combination of F4 (entrenched, 
meandering, riffle/pool channels on low gradients with high width/depth ratios and gravel 
dominant substrates) in the lowest reach (first 6,509 feet), B2 (moderately entrenched with 
moderate gradients and riffle dominated channels with infrequently spaced pools) in the middle 
reach (1,625 feet), and F6 (entrenched, meandering riffle/pool channels on low gradients with 
high width/depth ratios and silt/clay-dominant substrates) in the upper reach (1,758 feet).
 
The study on Hely Creek found that the frequencies of habitats referred to as Level II, based on 
occurrence were 31% pools, 34% riffles, and 34% flatwater (Table 2-1).  The remaining 
percentage represents stream habitat that could not be surveyed.  In terms of length, frequencies 
changed to 23% pools, 37% riffles, and 37% flatwater.  The most frequent Level IV habitat types 
by percent occurrence were 31% run units, 19% mid-channel pool units, and 18% low gradient 
riffle units.  The most frequent of these habitat types based on percent total length were 33% run 
units, 22% low gradient riffle units, and 16% high gradient riffle units.   
 
Of the 102 pool tail-outs measured, 0% had an embeddedness value of 1, 13.7% had a value of 2, 
44.1% had a value of 3, 16.7% had a value of 4, and 25.5% had a value of 5.  Water temperatures 
taken during the physical sampling period (from June 5 to June 19) ranged from 53 to 58 degrees 
Fahrenheit (11.7 – 14.4 degrees Celsius).  For the surveyed length of Hely Creek, 98% was under 
canopy, and thus 2% was open, with canopy composition being 86% hardwood and 14% conifer 
(Table 2-1).  The dominant elements composing the structure of the stream banks consisted of 
6% bedrock, 19% cobble/gravel, and 75% sand/silt/clay (Table 2-1).  
The 12 sites that were sampled in the first (most downstream) reach of Hely Creek, yielded 35 
young-of-the-year, 28 age 1+, and 1 age 2+ steelhead/rainbow trout (Table 2-2), which resulted 
in an average of 2.8 total fish per sample site.  No data were reported for salmonids recorded in 
either of the two upper stream reaches, and no Coho or Chinook Salmon were recorded at any of 
the sampling sites.  No explanation was provided as to why biological data were not reported for 
the middle and upper reaches of the sampled stream, suggesting that these reaches were not 
sampled.   Water temperatures recorded during biological sampling ranged from 56 to 58 degrees 
Fahrenheit (13.3 to 14.4 degrees Celsius). 
 
Hely Creek had excellent temperatures for juvenile salmonid survival, but similar to Cummings 
Creek, pool frequencies were well below 40%, and therefore could be considered low.  Pools 
were also relatively shallow, with only 34% having a maximum residual depth greater than 2, 
which triggers the 40% minimum threshold for which pool enhancement projects are 
recommended.   The projects suggested were to install structures that would increase or deepen 
pool habitats, but little additional information was provided.  
 
As with Cummings Creek, the highest proportion of samples (44.1%) had the highest rating for 
embeddedness (Value 4).  This is agreement with our experiences at both creeks, which seem to 
be highly embedded habitats, and although a few young steelhead have been observed, this value 
of embeddedness does not facilitate adequate spawning conditions for salmonids.  As with 
Cummings Creek, this condition may in part be responsible for the absence of Coho and Chinook 
salmon in this stream.  Rainbow trout are often found in “land-locked” conditions and do not 
need to return to the ocean to complete their life cycle.  Observations during the collection of 
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water quality and macro invertebrates also showed a strong reddish tint on most of the exposed 
cobble surfaces, and a faint odor in the water. 
 
The CDFG report stated that 72 of the 102 pool tail-outs measured (71%) had gravel or small 
cobble as the dominant substrate, which, as with Cummings Creek, in contrast to the 
embeddedness values, is generally considered good for the spawning of salmonids.   
 
CDFG Recommendations for Hely Creek:  
 
1) The creek should be managed as an anadromous, natural production stream. 
 
2) Although maximum temperatures were acceptable for juvenile salmonids, continuous 

temperature monitoring should be employed during the months of July and August. 
 
3) Design and engineer pool enhancement structures to increase the number of pools, where 

banks are sufficiently stable. 
 
4) Remove large quantities of sediment behind log debris accumulations in a way that avoids 

excessive sedimentation of downstream reaches. 
 
5) Identify, prioritize, and treat sources of excessive stream bank erosion to reduce the amount 

of fine sediment entering the stream. 
 
6) Identify, map, and treat active and potential sediment sources related to roads, according to 

potential for sediment yield into the stream and its tributaries.   
 
 
Grizzly Creek 

Grizzly Creek was sampled for habitat data from June 19 to June 28, 2006.    The location of this 
creek and the reaches that were sampled are shown in Figure 2-3.  Grizzly Creek's legal 
description at the confluence with Van Duzen River is T01N R02E S12. Its location is 
40°29'10.0" north latitude and 123°54'18.0" west longitude, LLID number 1239050404861.  
Grizzly Creek is a third order stream and has approximately 13.87 miles of blue line stream 
according to the USGS Owl Creek 7.5 minute quadrangle. Grizzly Creek drains a watershed of 
approximately 18.9 square miles. Elevations range from about 358 feet at the mouth of the creek 
to 2,500 feet at the headwaters (average elevation of headwaters, not highest point).  Redwood 
forest dominates the watershed. The lower part is in Grizzly Creek State Park and the remainder 
is privately owned and managed primarily for timber production.   
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For the stretch of stream sampled, Grizzly Creek 
is described as a combination of B4 (moderately 
entrenched with a moderate gradient and are 
riffle dominated channels with infrequently 
spaced pools, very stable plan and profile with 
stable banks and gravel channel) in the lowest 
reach (first 1,368 feet), B3 (moderately 
entrenched with a moderate gradient and are 
riffle dominated channels with infrequently 
spaced pools, a very stable plan and profile with 
stable banks and cobble channel) in the middle 
and longest reach (12,634 feet), and A2 (steep, 
narrow, cascading, step-pool streams with high 
energy/debris transport associated with 
depositional soils and boulder channel) in the 
uppermost reach (1,555 feet).   
 
Level II habitats, based on frequency of 
occurrence for Grizzly Creek included 34% pool 
units, 45% riffle units, and 21% flatwater units.  
Frequencies in terms of total length of Level II 
habitat types were 31% pool units, 47% riffle 
units, and 22% flatwater units (Table 2-1).  The 
most frequent Level IV habitat types by percent 
occurrence were 35% low gradient riffle units, 19% run units and 11% mid-channel pool units, 
and based on total length there were 40% low gradient riffle units, 19% run units and 9% mid-
channel pool units. 

Figure 2-3.  Three reaches sampled for habitat 
type on Grizzly Creek (CDFG 2006). 

 
Of the 81 pool tail-outs measured, 38.3% had an embeddedness value of 1, 49% had a value of 2, 
6.2% had a value of 3, and 6.2% had a value of 5 (Table 2-1).  Water temperatures during 
physical sampling (from June 19 to June 28) ranged from 59 to 68 degrees Fahrenheit (15 to 20 
degrees Celsius).   
 
For the surveyed length of Grizzly Creek, 70% was under canopy, and thus 30% was open, with 
canopy composition being 52% hardwood and 48% conifer (Table 2-1).  The dominant elements 
composing the structure of the stream banks consisted of 16% bedrock, 35% boulder, 34% 
cobble/gravel, and 15% sand/silt/clay (Table 2-1).   
 
The two sites sampled in the lowest reach (first 1,368 feet) yielded 33 young-of-the-year and 12 
age 1+ steelhead/rainbow trout, and the 5 sites sampled in the middle reach (12,634 feet) yielded 
133 young-of-the-year, 12 age 1+, and 2 age 2+ steelhead/rainbow trout (Table 2-2).  These 
samples resulted in an average of 22.5 total fish per sample site in the lower reach, and an 
average of 29.4 total fish per sample site in the middle reach.  One lamprey was also recorded in 
the middle reach.  The uppermost reach was not sampled for salmonids.  Water temperature 
during the sampling period ranged from 62 to 64 degrees Fahrenheit (16.7 to 17.7 degrees 
Celsius).   
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Stream temperatures for Grizzly Creek, although within reasonable limits for salmonids, were 
consistently higher than those recorded for Hely Creek or Cummings Creek.  As with Hely and 
Cummings, pool frequencies for Grizzly were relatively low for a third order stream, with the 
frequency of primary pools (greater than 3 feet deep) equal to 26%, which therefore triggers a 
recommendation for pool enhancement.   
 
In contrast to Cummings and Hely, the proportion of samples for embeddedness ranked highest 
(49.4%) for Value 2.  This value is consistent with our project, in which Grizzly Creek was 
observed to be much less embedded than Cummings or Hely Creeks.  Lower overall 
embeddedness suggests the potential for greater spawning opportunity and spawning success.   
 
The CDFG report stated that 64 of the 81 pool tail-outs measured (79%) had gravel or small 
cobble as the dominant substrate, which, as with Cummings and Hely Creeks, is generally 
considered good for the spawning of salmonids.   
 
 
CDFG Recommendations for Grizzly Creek:  
 
1) The creek should be managed as an anadromous, natural production stream. 
 
2) Although maximum temperatures were acceptable for juvenile salmonids, continuous 

temperature monitoring should be employed during the months of July and August.   
 
3) Design and engineer pool enhancement structures to increase the number of pools, where 

banks are sufficiently stable.   
 
4) As most of the existing cover for pools in from boulders, increase woody covers in pools and 

flatwater habitats.  Woody cover will add a greater level of complexity, which is desirable.   
 
5) In many places along the stream, shade canopy is insufficient.  Therefore plant native 

vegetation (trees) such as willow, alder, redwood, and Douglas fir in these areas to increase 
the shade canopy and add to the vegetative complexity in the riparian zone.  Plantings should 
be coordinated to follow bank stabilization or upslope erosion control projects. 
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Stevens Creek

Figure 2-4.  Three reaches sampled for 
habitat type on Stevens Creek (CDFG 2006).

Stevens Creek was sampled for habitat data 
from June 5 to June 7, 2006.  The location of 
this creek and the reaches that were sampled 
are shown in Figure 2-4.  Stevens Creek is a 
tributary to Grizzly Creek and is contained 
within the Grizzly Creek sub basin (Figures 4-
1 & 4-2).  Stevens Creek's legal description at 
the confluence with Grizzly Creek is T01N 
R02E S01. Its location is 40°29'30" north 
latitude and 123°54'20" west longitude, LLID 
number 1239055404918.  Stevens Creek is a 
first order stream and has approximately 2.53 
miles of blue line stream according to the 
USGS Owl Creek & Redcrest 7.5 minute 
quadrangle. Stevens Creek drains a watershed 
of approximately 5.33 square miles. 
Elevations range from about 400 feet at the 
mouth of the creek to 1,650 feet at the 
headwaters. Redwood forest dominates the 
watershed, which is primarily privately owned 
and is managed for timber production. 
 
For the stretch of stream sampled, Stevens Creek is described as a combination of F3 
(entrenched, meandering, riffle/pool channels on low gradients with high width/depth ratios and 
cobble dominant substrates) in the lowest reach (first 924 feet), and B3 (moderately entrenched 
riffle dominated channels with infrequently spaced pools, very stable plan and profile, stable 
banks on moderate gradients with low width /depth ratios and cobble dominant substrates) in the 
second (uppermost) reach (4,207 feet).

Level II habitats, based on frequency of occurrence for Stevens Creek included 46% pool units, 
32% riffle units, 20% flatwater units, and 2% no survey units.  Frequencies in terms of total 
length of Level II habitat types were 38% pool units, 31% riffle units, 31% flatwater units, and 
1% no survey units (Table 2-1).  The most frequent Level IV habitat types by percent occurrence 
were 44% mid-channel pool units, 31% low gradient riffle units and 11% run units.  Based on 
total length there were 37 midchannel pool units, 30% low-gradient riffle units and 21% step run 
units.  Of the 43 pool tail-outs measured, 51.2% had an embeddedness value of 1, 20.9% had a 
value of 3, 4.7% had a value of 4, and 2.3% had a value of 5 (Table 2-1). 
 
Water temperatures during physical sampling (from June 5 to June 7) ranged from 57 to 62 
degrees Fahrenheit (13.9 to 16.7 degrees Celsius).   
 
For the surveyed length of Stevens Creek, 81% was under canopy, and thus 19% was open, with 
canopy composition being 39% hardwood and 61 % conifer (Table 2-1).  The dominant elements 
composing the structure of the stream banks consisted of 15% bedrock, 3% boulder, 13% 
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cobble/gravel, and 69% sand/silt/clay (Table 2-1).  Overall canopy cover for Stevens Creek was 
relatively high and appears to maintain an adequate level of vegetative complexity within the 
riparian zone.   
 
On June 15, the two sites sampled in the lowest reach (first 924 feet) yielded 30 young-of-the-
year and 1 age 1+ steelhead/rainbow trout, and the 4 sites sampled in the uppermost reach (4,200 
feet) yielded 38 young-of-the-year and 12 age 1+ steelhead/rainbow trout (Table 2-2).  These 
samples resulted in an average of 25.5 total fish per sample site in the lowest reach, and an 
average of 25 fish per sample site in the upper reach.  Water temperature during the sampling 
period ranged from 56 to 61 degrees Fahrenheit (13.3 to 16.1 degrees Celsius).   
 
Stream temperatures for Stevens Creek, were within reasonable limits for salmonids.  Pool 
frequencies were higher than for Grizzly Creek, Cummings Creek, or Hely Creek, and were 
either close to or surpassed 40% of the total habitat, thus being the only stream of the four that 
did not trigger automatic recommendations for pool enhancement.   
 
In contrast to Grizzly, Cummings, and Hely, the stream had a relatively low register for 
embeddedness, with the highest frequency (51.2%) being recorded for Value 1.  As Stevens was 
not directly sampled for turbidity or sediment, no observations were made regarding 
embeddedness during the VDWP project.  Lower overall embeddedness and the predominance 
of a good rating suggest the potential for greater spawning opportunity and spawning success.  
However this conclusion is not supported by the lower numbers of steelhead that were recorded 
for Stevens Creek compared to Grizzly Creek.   
 
The CDFG report stated that 33 of the 43 pool tail-outs measured (77%) had gravel or small 
cobble as the dominant substrate, which, as with the other creeks sampled, is generally 
considered good for the spawning of salmonids. 
 
 
CDFG Recommendations for Stevens Creek:  
 
1) The creek should be managed as an anadromous, natural production stream. 
 
2) Although maximum temperatures were acceptable for juvenile salmonids, continuous 

temperature monitoring should be employed during the months of July and August.   
 
3) Design and engineer pool enhancement structures to increase the number of pools, where 

banks are sufficiently stable. 
 
4) As most of the existing cover for pools is from boulders, increase woody covers in pools and 

flatwater habitats.  Woody cover will add a greater level of complexity, which is desirable. 
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Figure 2-5. Three reaches sampled for habitat 
type on Lawrence Creek (CDFG 2006). 

Lawrence Creek 
Lawrence Creek was sampled for habitat data 
from August 8 to August 17, 2006.    The location 
of this creek and the reaches that were sampled a
shown in Figure 2-5.  Lawrence Creek merges 
with Yager Creek, and is contained within the 
Yager Creek sub basin (Figure 4-2).  Lawrence 
Creek’s legal description at the confluence with 
Yager Creek is T04N R02E S34.  Its location is 
40°34’49.0N” north latitude and 123°59’29.0W” 
west longitude, and its LLID number is 
1239913405804.  Lawrence Creek is a third order 
stream according to the USGS Iaqua Buttes 7.5 
minute quadrangle.   Lawrence Creek drains a 
watershed of approximately 42.07 square miles.  
Elevations range from 414 feet at the mouth of the 
creek to 2,900 feet in the headwater areas.  Mixed 
hardwoods and mixed conifers dominate the 
watershed.  The watershed is privately owned 
mostly by Pacific Lumber Company and is 
managed for timber production 
 
For the stretch of stream sampled, Lawrence Creek is described as a combination of B6 
(moderately entrenched riffle dominated channels with infrequently spaced pools and moderate 
gradients, very stable plan and profile with stable banks and silt/clay-dominant channels) in the 
lowest reach (first 14,465 feet), F4 (entrenched, meandering, riffle/pool channels on low 
gradients with high width/depth ratios and gravel-dominant substrates) in the second (middle) 
reach (12.300 feet), and B3 (moderately entrenched riffle dominated channels with infrequently 
spaced pools, have moderate gradients, a very stable plan and profile with stable banks, and 
cobble-dominant channels) in the uppermost reach (5,125 feet).   
 
Level II habitats, based on frequency of occurrence for Lawrence Creek included 
31% pool units, 32% riffle units, 34% flatwater units, and 3% dry bed.  Frequencies in terms of 
total length of Level II habitat types were 28% pool units, 33% riffle units, 36% flatwater units, 
and 3% dry bed (Table 2-1).  The most frequent Level IV habitat types by percent occurrence 
were 29% low gradient riffle units, 27% run units, and 18% mid-channel pool units.  Based on 
total length there were 30% low gradient riffle units, 26% run units, and 16% mid-channel pool 
units.   
Lawrence Creek is a third order stream according to the USGS Iaqua Buttes 7.5 minute 
quadrangle.  Lawrence Creek drains a watershed of approximately 42.07 square miles.  
Elevations range from 414 feet at the mouth of the creek to 2,900 feet in the headwater areas.  
Mixed hardwoods and mixed conifers dominate the watershed.  The watershed is privately 
owned mostly by Pacific Lumber Company and is managed for timber production
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Of the 84 pool tail-outs measured, 16.7% had an embeddedness value of 1, 57.1% had a value of 
2, 16.7% had a value of 3, 7.1% had a value of 4, and 2.4% had a value of 5 (Table 2-1).  Water 
temperatures during physical sampling (from August 8 to August 17) ranged from 56 to 68 
degrees Fahrenheit (13.3 to 20.0 degrees Celsius).   
 
For the surveyed length of Lawrence Creek, 70% was under canopy, and thus 30% was open, 
with canopy composition being 14% hardwood and 86 % conifer (Table 2-1).  The dominant 
elements composing the structure of the stream banks consisted of 5% bedrock, 17% boulder, 
56% cobble/gravel, and 22% sand/silt/clay (Table 2-1).   
 
None of the reaches sampled for physical characteristics were sampled for number of fish or 
species composition in Lawrence Creek.   
 
Stream temperatures for Lawrence Creek, were similar to Grizzly Creek and within reasonable 
limits for salmonids.  Pool frequencies were comparable to Cummings Creek and Hely Creek, 
but lower than Grizzly and Stevens Creeks.   
 
Lawrence Creek registered relatively intermediate for embeddedness, with the highest frequency 
(57.1%) being recorded for Value 2.  As Lawrence was not directly sampled for turbidity or 
sediment, no observations were made regarding embeddedness during the VDWP project.  
Medium overall embeddedness and the predominance of a good rating suggest the potential for 
good spawning opportunity and spawning success.  However, as no fish counts were made, this 
conclusion cannot be supported or refuted.   
 
A total of 57 of the 91 pool tail-outs measured (63%) had gravel or small cobble as the dominant 
substrate, and while this is lower than the previous creeks discussed, this level of gravel and 
small cobble is generally considered good for the spawning of salmonids.   
CDFG Recommendations for Lawrence Creek:  
 
1) The creek should be managed as an anadromous, natural production stream.  
 
2) Although maximum temperatures were acceptable for juvenile salmonids, continuous 

temperature monitoring should be employed during the months of July and August. 
 
3) Pool enhancement structures should be added to increase the number of and/or deepen 

existing pools. This must be done where the banks are stable or in conjunction with stream 
bank armor to prevent erosion. 

 
4) The amount of complex woody cover (e.g., hardwoods and conifers) should be increased in 

pools and flatwater habitats.  Currently, existing cover in pools is in the form of boulders. 
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5) Inventory and map sources of stream bank erosion and prioritize them according to present 
and potential sediment yield, to identify sites that should be treated to reduce the amount of 
fine sediments entering the stream.   

 
6) Increase conifers in the tree canopy over the creek by planting appropriate native vegetation 

such as Redwood and Douglas fir along the stream where additional shade canopy is needed.  
Plantings should be coordinated with bank stabilization and upslope erosion control. 

 
 
North Fork Yager Creek 
North Fork Yager Creek was sampled for habitat 
data during the summer and fall of 2003.    The 
location of this creek and the reaches that were 
sampled are shown in Figure 2-6.  The North 
Fork of Yager Creek merges with the Middle 
Fork of Yager Creek and then South Fork Yager 
Creek, and then merges with Lawrence Creek, all 
contained within the Yager Creek sub basin 
(Figure 4-2).  North Fork Yager Creek’s legal 
description at the confluence with Middle Fork 
Yager is Township 02N, Range 02E, Section 02.  
Its location is 40˚34.35 north latitude and 
123°55.43 west longitude.  North Fork Yager 
Creek is a third order stream and has 
approximately 12.1 miles of blue line stream 
according to the Owl Creek and Yager Junction 
7.5 minute USGS quadrangles.  North Fork 
Yager Creek drains a watershed of approximately 
50.1 square miles.  Elevations range from about 
600 feet at the mouth of the creek to 2,800 feet in 
the headwater areas. 

Figure 2-6.  Seven reaches sampled for 
habitat on NF Yager Creek (CDFG 2003).

Grassland and mixed hardwood forests dominate the watershed.  The watershed is privately 
owned and is managed for rangeland and timber production.  For the stretch of stream sampled, 
North Fork Yager Creek is described as a combination of B3 (moderately entrenched riffle 
dominated channels with infrequently spaced pools, very stable plan and profile, stable banks; 
and cobble dominated channel) in the lowest reach (first 6,008 feet), F2 (entrenched, 
meandering, riffle/pool channels on low gradients with high width/depth ratios and boulder 
dominated channel) in the next reach (6,432 feet), B4 (moderately entrenched, riffle dominated 
channels with infrequently spaced pools, very stable plan and profile, stable banks on moderate 
gradients with low width /depth ratios and gravel dominant substrates) in the next 10,468 feet, 
B2 (moderately entrenched, moderate gradient, riffle dominated channels with infrequently 
spaced pools, very stable plan and profile, stable banks and boulder dominant channel) in the 
next 1,584 feet,  B3 (again) in the next 8,437 feet, A2 (steep, narrow, cascading, step-pool, high 
energy debris transporting channels associated with depositional soils, and gravel dominant 
substrates) in the next 8,055 feet, and B4 (again) in the final 3,214 feet. 
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Level II habitats, based on frequency of occurrence for North Fork Yager Creek included 30% 
pool units, 35% riffle units, and 35% flatwater units.  Frequencies in terms of total length of 
Level II habitat types were 30% pool units, 27% riffle units, and 43% flatwater units (Table 2-1).  
The most frequent Level IV habitat types by percent occurrence were 27% mid-channel pool 
units, 33% run units, and 29% low gradient riffle units.  Based on total length there were 39% 
run units, 26% mid-channel pool units, and 23% low gradient riffle units. 
 
Of the 153 pool tail-outs measured, 11.7% had an embeddedness value of 1, 29.7% had a value 
of 2, 26.2% had a value of 3, 8.3% had a value of 4, and 24% had a value of 5 (Table 2-1).  
During the month of July, water temperatures ranged from 57 to 77 degrees Fahrenheit (13.9 to 
25 degrees Celsius).  However, during the physical sampling period (month of October) water 
temperatures ranged from 52 to 60 degrees Fahrenheit (11.1 to 15.5 degrees Celsius), indicating 
the strong influence that air temperature (time of year) has on stream temperature.   
 
For the surveyed length of North Fork Yager Creek, 54% was under canopy, and thus 46% was 
open, with canopy composition being 72% hardwood and 28 % conifer (Table 2-1).  The 
dominant elements composing the structure of the stream banks consisted of 11.6% bedrock, 
38.4% boulder, 40% cobble/gravel, and 10% sand/silt/clay (Table 2-1). 
 
Aquatic species were sampled differently in North Fork Yager Creek than in the other streams 
where electrofishing was the method of choice.  In North Fork Yager Creek, fish presence was 
observed from the stream banks, and underwater observations were made at sixteen sites using 
snorkel sampling techniques discussed in the California Salmonid Stream Habitat Restoration 
Manual (Flosi et al, 1998).   
 
In reaches 3, 4, and 5, 16 sample sites were snorkeled for fishery species composition and 
distribution in North Fork Yager Creek on October 16 and 17, 2004.  The results of a November 
4, 2003 dive were not included in the dataset because poor water clarity and ambient light levels 
resulted in unreliable observation conditions.  No sites were sampled in reaches 1, 2, 6, and 7.  
Water temperatures taken during the dive period ranged from 48 to 54 degrees Fahrenheit (8.9 to 
12.2 degrees Celsius).  
 
In the single site sampled in reach number three, 5 young-of-year and 3 age 1+ steelhead were 
observed (Table 2-2).  In reach number four, 5 sites were sampled and yielded 53 young-of-year 
and 6 age 1+ steelhead.  In reach five, 10 sites were sampled that yielded 164 young-of-year 
steelhead, 104 age 1+ steelhead, and 13 age 2+ steelhead, resulting in an average of 21.75 fish 
per sample site.  
 
Juvenile cyprinids, either California roach or Sacramento pikeminnow, as well as Sacramento 
suckers were also observed throughout the biological survey reaches. 
 
Stream temperatures collected during the physical sampling of North fork Yager Creek, were 
moderate, but highly variable with some very low values, but also some (recorded in July) being 
very high, and surpassing lethal levels (20 degrees Celsius).  Therefore, on the basis of 
temperature, the habitat is far less than acceptable.  However, the large numbers of steelhead 
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observed suggest either acceptable conditions or the presence of refugia, which allow juvenile 
salmonids to escape direct exposure to lethal temperatures.  Pool frequencies were comparable to 
other streams sampled, and along with high July temperatures suggest high suitability for 
increased pool enhancement procedures. 
 
The north fork showed a moderate rating for embeddedness with the highest proportion being 
recorded for Value 2 (29.7%), although there was also a relatively high rating for Value 5 (24%), 
which represents completely unsuitable habitat.  A total of 86 out of the 153 pool tail-outs 
measured had gravel or small cobble as the dominant substrate, suggesting moderately good 
conditions for spawning salmonids, although the steep stream gradients in this part of the basin 
probably restrict salmonid migration to some degree, as only steelhead can negotiate these 
elevations, which are considerably higher than many of the other streams sampled in the study. 
 
CDFG Recommendations for North Fork Yager Creek:  
 
1) The creek should be managed as an anadromous, natural production stream. 
 
2) Water temperatures in July suggest that maximum temperatures are above the acceptable 

range for juvenile salmonids.   
 
3) Increase the riparian canopy by planting willow, alder, redwood, and Douglas fir along the 

stream where greater amounts of shade is needed. Planting should be coordinated with bank 
stabilization and upslope erosion control.  

 
4) The amount of complex woody cover (e.g., hardwoods and conifers) should be increased in 

pools and flatwater habitats.  Currently, existing cover in pools is in the form of boulders. 
 
5) Inventory and map sources of stream bank erosion and prioritize them according to present 

and potential sediment yield, to identify sites that should be treated to reduce the amount of 
fine sediments entering the stream. 

 
6) Sediment sources in relation to roads should be identified, mapped, and treated according to 

their potential for sediment yield into the stream and its tributaries. 
 
7)  Pool enhancement structures should be added to increase the number of and/or deepen 

existing pools. This must be done where the banks are stable or in conjunction with stream 
bank armor to prevent erosion.   

 
8) Due to the high gradient of the stream, access for migrating salmonids is a potential problem.  

The creek has suitable flow regimes and semi suitable water temperatures, and it offers 
overall suitable conditions for rearing anadromous fish like steelhead.  Fish passage should 
be monitored and improved where possible. 
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Middle Fork Yager Creek 
Middle Fork Yager Creek was sampled for 
habitat data during the summer of 1991.    The 
location of this creek and the reaches that were 
sampled are shown in Figure 2-7.  The Middle 
Fork of Yager Creek merges with the North Fork 
of Yager Creek, which then merges with South 
Fork Yager Creek, and then Lawrence Creek, all 
contained within the Yager Creek sub basin 
(Figure 4-2).  The legal description of the Middle 
Fork at the confluence with the North Fork is 
T2N R2E S02.  Its location is 40°34'35" N. 
latitude and 123°55'43" W. longitude.  Middle 
Fork Yager Creek is a second order stream, with 
a total length of 5.6 miles of blue line stream, 
according to the USGS Owl Creek and Yager 
Junction quadrangles.  
 
 Elevations range from about 600 feet at the 
mouth of the creek to 2,800 feet in the headwater 
areas.  Redwoods and hardwoods dominate the 
watershed, which is privately owned and is 
managed for timber production.  For the stretch of 
stream sampled, Middle Fork Yager Creek is described as a combination of B2 (moderate 
gradient (1.0-2.5%), moderately confined streams, with stable stream banks) in the lowest reach 
(first 2,597 feet), B3 (moderate gradient, well confined, with unstable slopes) in the middle reach 
(311 feet), and A2 (steep, boulder channels, which are very well confined) in the uppermost 
reach (last 1,329 feet).   

Figure 2-7.  Three reaches sampled for habitat 
type on MF Yager Creek (CDFG 1991). 

Level II habitats, based on frequency of occurrence for Middle Fork Yager Creek included 50% 
pool units, 36% riffle units, and 13% flatwater units.  Frequencies in terms of total length of 
Level II habitat types were 33% pool units, 49% riffle units, and 16% flatwater units (Table 2-1).  
The two most frequent Level IV habitat types by percent occurrence were 35% mid-channel pool 
units and 26% low gradient riffle units.  Based on total length there were 39% low gradient riffle 
units and 21% mid-channel pool units.   
 
Of the 46 pool tail-outs measured, 17.4% had an embeddedness value of 1, 30.4% had a value of 
2, 52.2% had a value of 3, and no tail-outs had a value of 4 or 5 (Table 2-1).  Water temperatures 
during physical sampling (from August 8 to August 17) ranged from 54 to 56 degrees Fahrenheit 
(12.2 to 13.3 degrees Celsius).  
 
For the surveyed length of Middle Fork Yager Creek, 40% was under canopy, and thus 60% was 
open, with canopy composition being 58% hardwood and 42 % conifer (Table 2-1).  The 
dominant elements composing the structure of the stream banks consisted of 10% bedrock, 21% 
boulder, 11% cobble/gravel (Table 2-1).  While not expressly stated, (possibly due to the date of 
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publication – 1991, possibly just omitted), a large proportion of the bank substrate is 
unidentified, which might logically be classified as 58% sand/silt/clay, as it is highly unlikely 
that there was no sand/silt/clay component.   
 
On August 13 and 19, 1991, three pool sites were sampled in the Middle Fork Yager for 
salmonids.  The first pool site yielded 16 steelhead/rainbow trout (age unreported), the second 
pool site yielded 6 steelhead/rainbow trout, and the third pool site yielded no fish.  These 
samples resulted in an average of 7.3 fish per sample site over the 3 sites sampled.  Salmonids 
were not classified based on age.   No water temperatures were reported.     
 
Stream temperatures collected during the physical sampling of Middle fork Yager Creek, were 
among the coldest registered for any of the streams.  Pool frequencies were high relative to the 
other streams sampled, and surpassed 50% of the total habitat, thus being the only stream of the 
four that did not trigger automatic recommendations for pool enhancement. 
 
The middle fork showed a moderate rating for embeddedness with the highest proportion being 
recorded for Value 3 (52.2%), although no values were recorded for Rating Numbers 4 or 5, 
suggesting moderately good conditions for spawning.  A total of 15 out of the 24 low gradient 
riffles (63%) had gravel or small cobble as the dominant substrate, also suggesting moderately 
good conditions for spawning salmonids.   
 
CDFG Recommendations for Middle Fork Yager Creek:  
 
1) The creek should be managed as an anadromous, natural production stream. 
 
2) Increase the riparian canopy by planting willow, alder, redwood, and Douglas fir along the 

stream where greater amounts of shade is needed. Planting should be coordinated with bank 
stabilization and upslope erosion control.   

 
3)  Pool enhancement structures should be added to increase the number of and/or deepen 

existing pools. This must be done where the banks are stable or in conjunction with stream 
bank armor to prevent erosion. 

 
4) The amount of complex woody cover (e.g., hardwoods and conifers) should be increased in 

pools and flatwater habitats.  Currently, existing cover in pools is in the form of boulders. 
 
5) Inventory and map sources of stream bank erosion and prioritize them according to present 

and potential sediment yield, to identify sites that should be treated to reduce the amount of 
fine sediments entering the stream.   

 
6) Sediment sources in relation to roads should be identified, mapped, and treated according to 

their potential for sediment yield into the stream and its tributaries. 
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South Fork Yager Creek 
South Fork Yager Creek was sampled for habitat 
data during the summer of 2000.    The location 
of this creek and the reaches that were sampled 
are shown in Figure 2-8.  South Fork Yager 
Creek merges with North Fork Yager Creek, and 
then with Lawrence Creek, all contained within 
the Yager Creek sub basin (Figure 4-2).  The 
legal description of the South Fork at the 
confluence with the North Fork is T02N R2E 
S10.  Its location is 40°34′03″ north latitude and 
123°56′21″ west longitude.  South Fork Yager 
Creek is a second order stream and has 
approximately 9.4 miles of blue line stream 
according to the USGS Owl Creek and Yager 
Junction 7.5 minute quadrangles.  Elevations 
range from about 540 feet at the mouth of the 
creek to 2,800 feet in the headwater areas.  
Redwood/Douglas fir forest dominates the 
watershed.  The watershed is entirely privately 
owned and is managed for timber production.
 
For the stretch of stream sampled, South Fork 
Yager Creek is described as a combination of F3 
(entrenched meandering riffle/pool channels on low gradients with high width/depth ratio and a 
cobble channel) in the lowest reach sampled (first 887 feet), B2 (moderately entrenched, 
moderate gradient, riffle dominated channel with infrequently spaced pools; very stable plan and 
profile; stable banks; boulder channel) in the middle reach (next 3,290 feet), and F2 (entrenched 
meandering riffle/pool channels on low gradients with high width/depth ratios and boulder 
channel) in the uppermost reach sampled (last 973 feet).   

Figure 2-8.  Three reaches sampled for habitat 
type on SF Yager Creek (CDFG 1991). 

 
Level II habitats, based on frequency of occurrence for South Fork Yager Creek included 34% 
pool units, 20% riffle units, and 46% flatwater units.  Frequencies in terms of total length of 
Level II habitat types were 20% pool units, 17% riffle units, and 63% flatwater units (Table 2-1).  
The two most frequent Level IV habitat types by percent occurrence were 24% step run units, 
21% mid-channel pool units and 15% run units.  Based on total length there were 44% step run 
units, 13% mid-channel pool units, and 10% pocket water units.   
 
Of the 35 pool tail-outs measured, 6% had an embeddedness value of 1, 3% had a value of 2, 
26% had a value of 3, 3% had a value of 4, and 63% had a value of 5 (Table 2-1).  Water 
temperatures during physical sampling (June through August) ranged from 56 to 73 degrees 
Fahrenheit (13.3 to 22.8 degrees Celsius).   
 
For the surveyed length of South Fork Yager Creek, 73% was under canopy, and thus 27% was 
open, with canopy composition being 75% hardwood and 25 % conifer (Table 2-1).  In general, 
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re-vegetation projects are considered when canopy density is less than 80%.  The dominant 
elements composing the structure of the stream banks consisted of 59% boulder, 30.2% 
cobble/gravel, and 10.5% san/silt/clay (Table 2-1). 
 
The 3 sites electrofished in September for species composition and distribution in the first reach 
(F3) of South Fork Yager Creek (September, 2000), yielded 21 young of the year, 5 1+ year olds, 
and no 2+ year old steelhead for an average of 8.7 fish per site.  The 4 sites sampled in the 
second reach (B2), yielded 2 young of the year, 5 1+ year olds, and 1 2+ year old steelhead, for 
an average of 2.0 fish per sample site.    Water temperature during the sampling period ranged 
from 58 to 60 degrees Fahrenheit (14.4 to 15.6 degrees Celsius).   
 
Stream temperatures for South Fork Yager Creek were within reasonable limits for salmonids.  
Pool frequencies were average for the Lower VDR Basin, but sufficiently low to warrant 
triggering an automatic recommendation for pool enhancement within the stream.   The South 
Fork of Yager Creek registered relatively poor average values for embeddedness, with the 
highest frequency (63%) of habitats receiving a rating value of 5 which is rated as unsuitable for 
spawning.  Of the 22 sites receiving a rating of 5, two were unsuitable for spawning due to the 
dominant substrate being silt/sand/clay, and the remaining 20 habitats receiving a value of 5 
were dominated by large cobble and/or boulders.   
 
A total 8 of the 35 pool tail-outs measured (23%) had gravel or small cobble as the dominant 
substrate, probably too low to qualify as good conditions for spawning of salmonids. 
 
 
CDFG Recommendations for South Fork Yager Creek:  
 
1) The creek should be managed as an anadromous, natural production stream. 
 
2) Water temperatures in July suggest that maximum temperatures are above the acceptable 

range for juvenile salmonids.   
 
3) The amount of complex woody cover (e.g., hardwoods and conifers) should be increased in 

pools and flatwater habitats.  Currently, existing cover in pools is in the form of boulders. 
 
 
Main Stem Yager Creek 
The dominant conditions found in the main stem of Yager Creek by CDFG in 1991 included: 
high temperatures, a lack of primary pools, a lack of woody cover in the pool and flatwater 
habitat units, unstable stream banks, erosion due to road systems, and lack of canopy.  Data from 
our monitoring project showed that Yager Creek most closely resembles the Van Duzen River 
both in habitat characteristics and in average daily temperatures.  Recommendations made for 
Yager Creek included: 1) monitor temperatures to determine effect on salmonids, 2) create 
additional pools, 3) increase the amount of woody cover, 4) stabilize failing or threatened 
streambanks, 5)stabilize road systems, and 6) increase the amount of canopy through plantings.   
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Main Stem Van Duzen River 
Habitat typing on the Main Stem Van Duzen 
River covered approximately 12.5 miles in 3 
days on August 28, September 18, and October 
3, 2007.  Because of time and funding 
limitations, records were restricted to the 
collection of Level II habitat type (including 
measuring depth to determine the presence of 
primary pools) and embeddedness.  The location 
of this stream and the reaches that were sampled 
are shown in Figure 2-9.  The main stem’s legal 
description at the most downstream point of the 
study is T02N R02E S31, and at the most 
upstream point, T01N R02E S12.  The location 
of the most downstream point (MS Weares) is 
40°30'31.3" north latitude and 123°59'40.8" west 
longitude, and the most upstream point (Rainbow 
Bridge) is 40°28'49.4" north latitude and 
123°53'26.5" west longitude.  The LLID number 
for the river at this location is 1241602405490.  
The LLID number for Flanigan Creek, which is 
the stream nearest to the most downstream point 
is 1239879405104, and the LLID number of an 
unnamed stream, which lies to the southeast and 
is nearest to the most upstream point is 
1238835404787.   

Figure 2-9.  Three reaches sampled for 
habitat type on the Main Stem Van Duzen 
River (VDWP 2007). 

 
The Van Duzen River is a fifth order stream (from headwaters) until it reaches the confluence of 
Yager Creek (fifth order) where it then becomes a sixth order stream (Figure 2-10).  The main 
stem is approximately 76 miles long from headwaters to the mouth, where it merges with the Eel 
River, as measured using 1:24k stream data provided by the CDF Fire and Resource Assessment 
Program (FRAP).  The section sampled for embeddedness and habitat typing is approximately 
12.5 miles of blue line stream, as measured using 1:24k blue line GIS streams (FRAP).

Stream channel types in the main stem Van Duzen River, as defined in the CA Department of 
Fish & Game Manual (CDFG 1998), can be described as predominantly F5 (entrenched 
meandering riffle/pool channel on low gradients with high width/depth ratio, sand/silt/clay 
channel) in the lowest reach that was sampled (17,943 feet), C5 (low gradient, meandering, 
point-bar, riffle/pool, alluvial channels with broad, well defined floodplain, sand channel) in the 
middle reach of the part of the river that was sampled (28,734 feet), and B2 (moderately 
entrenched, moderate gradient, riffle dominated channel, with infrequently spaced pools, very 
stable plan and profile, stable banks (mostly), boulder channel) in the upper reach (19,974 feet), 
especially in the stretch identified by local residents as the gorge.   
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Figure 2-10.  Stream orders in the Lower Van Duzen River Basin.  Calculation based on the 
extent of the lower basin only, and does not include extent of the upper basin.  
 
Level II habitat and embeddedness data for the main stem Van Duzen River were converted into 
a line coverage in ArcInfo by using 1:24k stream blue line data  in Universal Trans Mercator 
(UTM) NAD83 projection, and adapting it to lengths of recorded habitat through the use of 
dynamic segmentation in ESRI ArcInfo.   
 
Level II habitats, based on frequency of occurrence for Main Stem VDR included 29% pool 
units, 29% riffle units, and 42% flatwater units (Table 2-1).  Frequencies in terms of total length 
of Level II habitat types were 34% pool units, 18% riffle units, and 48% flatwater units.  In the 
VDWP study, run units were recorded as separate habitat from flatwater, as water in a run is 
distinctly moving, moderately deep, and often provides good feeding habitat for salmonids 
(Figure 2-11).  However, official CDFG habitat specifications (Flosi, et al. 1998) list the run 
habitat as a component of flatwater.   
 
Embeddedness data points were collected at all pool tail outs, and converted into a spatial 
coverage with a UTM NAD83 projection, by dynamically placing the points over locations 
referenced by previously developed and dynamically segmented stream habitats (Figure 2-11).  
For example, embeddedness value for distance 6087.8876 was placed at the pool tail out relating 
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to that distance.  While this distance point is in meters to correspond to the UTM ArcInfo 
projection, the original data were collected in feet.  This process resulted in very accurate 
placement of all locations where embeddedness was recorded for each and every pool tail out 
measured in the study.   
 

 
 
Figure 2-11.  Results of recording habitat characteristics on the Main Stem Van Duzen River in 
late summer 2007.  Observations occurred on the main stem (MS) between Marie Road (MS 
Weares) and Rainbow Bridge. 
 
Of the 75 pool tail-outs sampled 14.7% had a value of 1, 30.7% had a ranking of 2, 20% had a 
ranking of 3, 1.3% had a ranking of 4, and 4.0% had a ranking of 5 (Table 2-1).   
 
The main stem Van Duzen River is relatively wide compared to the other streams studied in the 
survey, and thus it is of little meaning to attempt to quantity percent canopy cover, as most of the 
river is open.  Substrate along the river varies, but mostly sand/silt/clay, followed by 
cobble/gravel.  In the stretch known as the gorge (middle reach), there is a high proportion of 
extremely large boulders.    
 
The main stem Van Duzen River showed poor habitat relationships with regard to the low 
frequency of pools and riffles.  The frequency of pools did not reach 30% when classified by 
occurrence, and although increased slightly when classified by length, the frequency of riffles 
dropped dramatically when classified by length, suggesting that most of the riffles present are 
very short, and have a minimal impact on the overall habitat relationship.  Although percent 
embeddedness values are acceptable, they are outweighed by the poor habitat conditions 
throughout the 12.5 mile section of the river that was sampled   
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Figure 2-12.  Results of recording habitat and embeddedness characteristics on the Main Stem 
Van Duzen River in late summer 2007.  Observations occurred on the main stem (MS) between 
Marie Road (MS Weares) and Rainbow Bridge. 
 
 
Historical Aspects of Stream Conditions 
The Van Duzen River convergences with the Eel River at just above sea level but its headwaters 
arise in the Coast Range and the edge of the Klamath Mountain Province at its upper boundaries.  
The three dominant vegetation types that occur in the watershed are driven by climate, elevation, 
topography, bedrock geology and soil types: 1) giant coastal redwood forests cover the western 
portion of the Van Duzen River basin, 2) oak woodlands and meadows lie within the central-
eastern portion and 3) mixed conifer forests cover the mountains of the upper basin.   
 
Although Douglas fir and hemlock comprise a minor component of the redwood forest at low 
elevation, Douglas fir becomes dominant at higher elevation beyond the influence of coastal fog.  
Prairies are underlain by Franciscan mélange terrain and are comprised of grassy rolling slopes 
dotted with oak, tan oak, and madrone as well as some mixed conifers.  These meadows would 
have been ideal habitat for deer, elk and the grizzly bear.  The higher elevation mixed conifer 
forests have Douglas fir, Jeffrey pine, ponderosa pine, incense cedar and white-fir. 
 
Hydrology and Water Temperature  

Prior to profound human disturbance, the aquatic ecosystem of the Van Duzen River and its 
tributaries was ideal for Pacific salmon.  Abundant rainfall seasonally provided flows for adult 
salmon, steelhead and coastal cutthroat trout migration and spawning.  The undisturbed 
watershed also acted like a cold water sponge, as runoff from rainfall percolated into 
groundwater reservoirs.  Groundwater is 14o Celsius or less (Stonestrom and Constantz 2004, 
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Pool and Berman 2001) and its subsequent release during summer maintained tributary 
temperatures at optimal levels for salmonids. 
 
The microclimate under the redwood and mixed conifer forest canopy would have been very 
cool with high relative humidity that would foster ideal stream temperatures for salmonids due to 
recognized processes of air temperature buffering on maximum stream temperature (Bartholow 
1989).  Clean gravel bedded streams also have a constant exchange of cold water with the 
hyporheic zone (USEPA 2003), which is the interface area between surface water and 
groundwater.  Downwelling caused by plunging headwaters or large wood that spanned streams 
would have forced water down into this zone that would emerge as cooler water downstream 
(Poole and Berman 2001, NPPC 2000),  providing a positive feedback mechanism for 
maintaining cool water flows ideal for Pacific salmon species.  The importance of hyporheic 
exchange on maintaining cool water temperatures in larger order stream channels increases due 
to the volume of stored water in alluvium (Poole and Berman 2001).  Before disturbance, pools 
in larger order streams would have been very deep, reflecting the increasing scour associated 
with accumulating flows.  These deep pools in some cases likely had stratified cold water layers 
at depth, even as surface water temperatures warmed during summer or fall, due to contributions 
from the hyporheic zone. 
 
Streams flowing from the prairies in mélange terrain have less shade on them than forested 
stream reaches, and water temperatures increase slightly as a result.  This may have been 
somewhat offset in intact meadows with native grasses because they may have had greater 
groundwater storage.  Even if reaches were slightly warmer coming off these meadows 
historically, the cumulative addition of dozens of cold water streams and springs from the old 
growth forests downstream would have promoted cooling of the mainstems of streams like 
Lawrence Creek, Yager Creek, and Grizzly Creek.   
 
 
Aquatic Habitat Diversity  

A continual supply of large trees from the ancient forests that fell into streams, or were delivered 
by landslides (Reeves et al. 2003), would have resulted in abundant large woody debris (LWD) 
(Sedell et al. 1988).  These large logs or rootwads would have helped sort spawning gravels of 
different sizes and to create complex and diverse habitats.  Different Pacific salmon species 
adapted over evolutionary time to utilize the variable size of spawning gravels and juveniles 
occupied different habitat niches.   
 
Because of natural disturbance regimes, different reaches of aquatic habitat were constantly 
undergoing cyclic changes (Reeves et al. 1995).  Streams where no disturbance had occurred for 
hundreds of years would become depleted of spawning gravel and large wood, eventually 
leading to declines in salmonid production.  Periodic evulsions from landslides would 
compromise pool depth, reduce spawning gravel quality and compromise salmonid carrying 
capacity for several decades.  As the disturbed sub-watershed healed and fine sediment flushed, 
the stream reach would go through a period of decades to hundreds of years where it functioned 
as optimal habitat for Pacific salmon species.   
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Historic Use by Pacific Salmon 

Historically the Van Duzen River basin was likely utilized by six or more Pacific salmon species 
that would have entered the stream at different times and migrated to reaches of different 
gradient for spawning and rearing.  While headwater areas were occupied by winter and summer 
steelhead, the greatest diversity of salmonid species would have been at lower elevations where 
large wood and spawning gravels accumulated in mainstem reaches (Burnett et al. 2007).  
Juvenile steelhead spend one to three years rearing in freshwater and they would have moved 
from smaller headwater streams into mainstem environments as they grew in size.  
 
Low gradient mainstems would have had multiple, stable channels creating ideal rearing habitat 
for all species and pockets of different size gravel suitable for spawning of many Pacific salmon 
species.  It is unclear whether spring Chinook were native to the Van Duzen River, but fall 
Chinook would have dominated large river and tributary channels with low gradient and larger 
gravel and cobble substrate.  Chinook juveniles often migrate downstream after emerging from 
the gravel and would have likely used the estuary extensively to grow in size before ocean entry.  
 
Coho salmon also prefer low gradient reaches (< 2%) for spawning and rearing. Williams et al. 
(2006) used a model based on stream gradient and valley width to estimate where optimal coho 
habitat would have been historically (Figure 2-13).  The map shows the highest intrinsic 
potential (IP) habitat in lower reaches of larger tributaries like the mainstem Van Duzen and 
Yager Creek, but also in the lower reaches of smaller streams such as Barber, Cummings, Hely 
and Root creeks as well as Wolverton Gulch.  Low gradient reaches in the middle of Yager 
Creek and Lawrence Creek would have also been heavily used by coho salmon, but habitat with 
high intrinsic potential (IP) in the headwaters was probably inaccessible due to impediments to 
adult migration. Coho salmon juveniles spend a year in freshwater before ocean entry and the 
cool tributaries flowing from the redwood forest in the lower watershed were ideal.   
 
Competition with coho salmon in the small lower gradient streams would have also come from 
coastal cutthroat trout and likely chum salmon.  The Eel River is the southern extent of the range 
of the coastal cutthroat trout, which is known to have occurred in the Van Duzen River (CDFG 
1980).  Cutthroat like steelhead spend from one to three years in freshwater before ocean entry, 
but they remain in the estuary or in near shore ocean areas and do not grow as large as adult 
steelhead.  Historically cutthroat would have returned with salmon runs to opportunistically feed 
on eggs and later on emerging fry.   
 
Chum salmon were known to exist in nearby Freshwater Creek (Van Kirk 1996) and they prefer 
small low gradient tributaries not far from the ocean.  Juvenile chum salmon often spend little 
time in freshwater.  The small streams crossing alluvial plains of the lower Van Duzen River 
optimal for chum salmon would have been highly impacted as forest land was converted to 
pasture by early Euro-American settlers.  They would have been one of the first species to be 
lost.   
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Figure 2-13.  Coho salmon intrinsic potential (IP) map with higher values (> 0.66) indicating 
areas most likely with the greatest historic use.  The model does not take into account barriers to 
migration; consequently, areas of high IP in upper reaches may not have been accessible to coho.  
Map from Williams et al. (2006). 
  
Natural Disturbance Regimes 

Reeves et al. (1995) studied Oregon coastal watersheds and found that stand replacing fires 
occurred only in patches on a time scale on the order of 300 years.  These events did not denude 
entire watersheds and Benda (1994 as cited by Reeves et al. 1995) estimated that in aggregate 
“15-25% of the forest in the central Oregon Coast Range would have been in early successional 
stages because of recent wildfires.”  Similarly, Wimberly et al. (2000) found that old growth 
forests of coastal Oregon comprised 49-91% of the landscape historically, while only 11% old 
growth remains today.   
 
Lorimer et al. (2009) found that stand replacing fires were even rarer in the redwood ecosystem 
of northwestern California.  They postulated that patches of disturbance caused by landsliding or 
sediment transport on valley floors were likely more frequent and extensive than those caused by 
fire.  In the Van Duzen basin the over-steepened landscape caused by tectonic uplift would have 
been prone to landsliding during intense rainfall, especially following large earthquakes.  Bare 
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soil exposed by landslides allows opportunities for colonization by redwood saplings and the 
modest extent of the patches of disturbance fostered a forest with diverse age structure (Lorimer 
et al 2009).  Landslides triggered by fires or flood events would cause some stream reaches to be 
temporarily compromised, but the percentage of the landscape that was disturbed and the length 
of channels impaired would have been limited at any one time. 
 
Pacific Salmon Metapopulation Response to Disturbance 

Although evolution of Pacific salmon populations relies on homing to the stream of their birth 
after a period of feeding in the ocean, adults and juveniles may also stray opportunistically and 
colonize new areas if habitat conditions change (Rieman et al. 1993).  When fire and landslides 
or other natural disasters caused any stream segment with the Van Duzen River to be 
overwhelmed with sediment, then Pacific salmon sub-populations within that basin would stray 
to adjacent functional patches of habitat.  After the watershed stabilized and the sediment had 
flushed, salmonids would re-colonize the stream reach.  The lack of competition in the newly 
recovered habitat and high fecundity of Pacific salmon would assist in rapid population 
rebuilding.  While small populations of different Pacific salmon species within sub-basins might 
be lost when habitat was compromised, the aggregate metapopulation was protected from 
extinction by this ability to colonize and adapt to a changing mosaic of habitats (Rieman et al. 
1993).   
 
History of Human‐Caused Disturbance 

Recent studies suggest that Native Americans frequently set fires in the undergrowth of redwood 
forests but that this controlled seasonal burning did not kill mature trees and may have even 
helped protect the ecosystem from catastrophic fire (Lorimer et al. 2009).  It is also highly likely 
that Native Americans also used fire to maintain prairies in the Van Duzen Basin (USFS 1998b) 
for production of game and basket weaving materials.  Neither of these activities would have 
appreciably increased sediment yield, mass wasting or peak flows and, therefore, would have had 
little negative impact on aquatic habitat.  By preventing colonization of meadows by conifers and 
reducing competing vegetation on the redwood forest floor, it is possible that stream base flows 
may have been maintained or even increased by Native American controlled burns.  European 
colonists eliminated Native Americans and thus ended an era where fire was used as a landscape 
management tool extending back thousands of years.   
 
Euro-American land use patterns were much more exploitive and livestock grazing was 
intensive.  The alluvial plain of the lower Van Duzen River was easily converted to agriculture 
and the most sensitive and productive of salmon producing areas was heavily impacted and 
remains compromised today.  In the prairies of the Van Duzen basin, Kelsey (1980) advanced 
the hypothesis that erosion was greatly elevated by grazing practices.  Non-native grasses that 
were shallow rooted replaced deep rooted native species and the result was a major increase in 
gully erosion and activation of slumps in prairies.  According to Kelsey (1980), sediment yield 
caused by the 1964 flood in the Van Duzen basin from disturbed prairies was “by far a more 
significant process than increased sediment yield from logging.”   
 
The California Department of Fish and Game (CDFG 1956) documented problems with logging 
in tributaries like the North Fork after WWII, with slash often left piled in stream channels.  The 
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Humboldt Redwood Company (HRC 2009) in the Yager/Lawrence Watershed Analysis (WA) 
captured historical aerial photos showing extensive tractor clear cuts along a substantial length 
the riparian zone of Lawrence Creek from the 1960s.  A CDFG (1964) memo indicates that the 
mainstem Yager was still fully functional as spawning and rearing habitat for coho salmon and 
steelhead prior to the 1964 flood and that tributaries, such as Cooper Mill Gulch, were still 
producing coho salmon juveniles (CDFG 1961).  Kelsey (1980) noted that a number debris slides 
along the lower mainstem Van Duzen and along major tributaries occurred during the 1964 flood 
as a result of timber harvest and logging road failure.   
 
The impact of the 1964 flood on the channel of mainstem Yager Creek is not well documented, 
but CDFG (1972) mentions levees being constructed along the lower reach likely in response to 
channel widening due to sediment loading. An aerial photograph review by HRC (2009) also 
indicated both Yager and Lawrence creek channel’s widened after the 1964 flood. Winzler and 
Kelly (1980) provided data that indicated tributaries were still functional and that Lawrence 
Creek was in recovery.  The latter report presented evidence that the predominant sediment 
present in mainstem Lawrence Creek gravels was from upstream prairies, not from disturbance 
of forests at lower elevations 
 
Land uses other than logging that may be harmful to Pacific salmon are urbanization, gravel 
mining and rural residential development.  Gravel mining is extensive in the lower Van Duzen 
River basin and likely causes channel migration and stream bed degradation that prevents 
development of stable bank structure, healthy riparian and functional stream reaches for 
salmonids.  Rural residential development has increased in the last 10 to 15 years associated with 
marijuana growing, but the degree to which streamflows and nutrient pollution are affected has 
not yet been studied.   
 
 
Trends in the Condition of Van Duzen River Basin 

As yet, there is no published watershed analysis for lower Van Duzen tributaries on HRC 
property, which were formerly productive salmon and steelhead streams.  Pool frequencies are 
low and depth is very restricted in smaller streams that are cool enough to harbor coho salmon.  
Conversely, water temperatures are too warm in larger streams that have adequate pool depth for 
coho salmon rearing.  Turbidities remain high in recent samples, reflecting continuing sediment 
contributions from logging activity and extensive road networks, which is consistent with 
findings in other regions (Kline 2003).   
 
New habitat typing reports from the CDFG (2007a, 2007b, 2007c, 2007d, 2007e, 2007f) 2006 
field season have been completed for Cummings, Grizzly, Hely, Lawrence and Stevens creeks as 
well as an unnamed Grizzly Creek tributary.  Pool frequency by length from recent surveys 
increased somewhat from the 1990’s, but these measurements are subjective due to judgment of 
different survey crews (Pool et al. 1997) and are, therefore, not reliable indicators of habitat 
change.  Residual pool depth is the most quantitative measure taken by habitat typing surveys, 
and 2006 data indicate very few pools greater than a meter in depth (Figure 2-14), the recognized 
preferred depth for coho salmon juvenile rearing (Brown et al. 1994).  When mean maximum 
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residual pool depth between 1990s surveys and 2006 habitat inventories are compared, there is a 
negative trend (Figure 2-15).  Very few pools suitable for coho salmon remain in all of the 
tributaries surveyed and pool depths have decreased, indicating continuing problems with 
sediment transport and cumulative effects.   
 
 
Pacific Salmon Population Status and Trends  

Higgins (2008) presented evidence on Pacific salmon stock status and trends in the Van Duzen 
River Basin.  All runs were declining or extinct. Coastal cutthroat and coho salmon are likely 
extirpated and fall Chinook and summer steelhead are at very high risk of extinction.  The Eel 
River as a whole has experienced a press disturbance and associated freshwater habitat collapse 
as summarized in Higgins (2010).  A hydrologically complex basin with widely dispersed 
patches of cold water habitat has been vastly simplified and transformed into an almost 
homogeneously warm water body in summer that is prone to stagnation.  Since the habitat of the 
Eel River has never been in this condition over evolutionary time, Pacific salmon are unable to 
adapt and are perishing.   
 
The introduced California roach and Sacramento pikeminnow are thriving as a result of the 
ecosystem shift.  The side effect of predation by pikeminnow on salmon and steelhead is another 
significant factor driving salmonids to extinction.  Other native species have disappeared or are 
diminishing and sturgeon no longer return to the Van Duzen and that Pacific lamprey are likely 
declining, as reviewed by Higgins (2008).  CDFG (2009) Eel River 2002-2008 coho and 
Chinook salmon spawning surveys, including the Van Duzen River basin, have been collected 
(CDFG 2009).  Electrofishing data associated with CDFG 2006 habitat surveys are used also to 
gage habitat use by steelhead juveniles and to gain understanding of population trends. 
 
 
Coho Salmon 

Electrofishing surveys of Shaw Creek in 2000 recovered no coho juveniles (HRC 2009).  Shaw 
Creek was the last stream where they are known to occur in Yager Creek and the lower Van 
Duzen.  Chinook and coho salmon spawner live fish and carcass surveys showed that coho 
salmon were not found in Van Duzen tributaries (CDFG 2009), including Yager and Lawrence 
creeks (Figure 2-16).  All this information is consistent with the conclusion that coho are locally 
extirpated.  Recovery prospects for coho may be limited because of the loss of other Eel River 
sub-populations like those of the lower Eel River and Outlet Creek.  Some streams with coho are 
showing gaps that may represent missing year classes, a sign of elevated extirpation risk 
(Rieman et al. 1993).   
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Figure 2-14.  Habitat typing survey data from 2006 reported that residual pool depths and results 
for four Van Duzen River tributaries showed most pools to be less than three feet deep (CDFG 
(2007a, 2007b, 2007c, 2007e).   
 

 
Figure 2-15.  Habitat typing survey data from the 1990s and 2006 reported residual pool depths 
and mean maximum residual depth comparisons of four Van Duzen River tributaries diminishing 
depth trends (CDFG (2007a, 2007b, 2007c, 2007e).  
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Figure 2-16.  Carcass survey results by tributary for coho salmon showed them to be absent 
from all Van Duzen River and Yager Creek tributaries CDFG (2009). Year convention reflect 
fall survey start but counts extending to early months of following years (2002 = 2002-03). 

 
Chinook salmon 

The Yager-Lawrence WA stated “the New Year’s Day Flood of 1997 and the El Nino oceanic 
events of 1997-1999 may have seriously hampered Chinook population enhancement efforts in 
the Yager drainage as available spawner/carcass survey data for the years following these events 
showed relatively low returns” (HRC 2009).  Nonetheless, Eel River basin-wide fall Chinook 
salmon carcass surveys (CDFG 2009) showed that the Van Duzen River and Yager Creek still 
have widespread spawning activity (Figure 2-17).  
 
 Both the lower and upper Lawrence index reaches have consistent Chinook salmon production 
every year.  Additionally, the upstream index section of Lawrence Creek had 372 spawners in 
2004, by far the highest total of any of the streams being monitored.  The mainstem Van Duzen 
River had only two spawners in one year, but Grizzly Creek had spawners (2 to 40) in all but two 
years of the 2002-2008 survey period.  Shaw Creek counts ranged from 8 to 42 adult fall 
Chinook salmon, but spawners were absent in 2007.  The Van Duzen and Yager-Lawrence basin 
fall Chinook salmon have a survival advantage over other Eel River sub-populations because of 
the very limited distance that they experience pikeminnow predation.  Nonetheless, numbers are 
low in all index sub-basins and small populations are particularly vulnerable to stochastic events 
(Rieman et al. 1993).  Therefore, fall Chinook salmon remain at significant risk of extinction in 
the Van Duzen River basin. 
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Figure 2-17.  Eel River survey fall Chinook live fish counts by stream from 2002-2008 by 
CDFG (2009) showed production in Van Duzen River and Yager-Lawrence tributaries, but very 
low returns in most years.  Year convention reflect fall survey start but counts extending to early 
months of following years (2002 = 2002-03). 
 
Steelhead 

 It is difficult to gage population trends of summer or winter steelhead from recent surveys.  
Summer steelhead holding is still restricted to boulder roughs above Bridgeville and the highest 
count in recent years was 150 adults (S. Canatta, personal communication), well under 
recognized thresholds for genetic loss and risk of extinction (Soulé 1987).  Winter steelhead 
population trends are unknown, but some understanding of what limits the populations can be 
gained from examining CDFG 2006 electrofishing data associated with habitat typing surveys.  
Unfortunately, CDFG biological samples associated with habitat surveys do not always 
enumerate the number of steelhead in various year classes, making the ability to compare 
streams and their carrying capacity somewhat limited.    
 
Optimal steelhead ocean survival requires two to three years of freshwater residence (Barnhart 
1986).  Young of the year steelhead can rear in shallow riffles in small tributaries, but older age 
steelhead generally migrate to larger stream reaches and prefer pool habitat.  Discussions above 
have clearly established that the mainstem of Yager Creek, North Fork Yager, Middle Fork 
Yager, lower Lawrence and the Van Duzen River are too warm for older age steelhead rearing.  
Deeper pool habitat in cool tributaries is also limited; therefore, habitat capable of rearing 
steelhead to age 2 or older is likely limiting the adult winter steelhead population.  Levels of 
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turbidity are high enough to constrain juvenile steelhead feeding (> 25 ntu, Sigler et al. 1984) 
over extended periods of time, indicating that winter survival may also be limiting.   
 
CDFG electrofishing data usually allow age classes to be distinguished, thus allowing the 
relative abundance of older age steelhead to be estimated (Figure 2-18).  Although 2 year old 
steelhead were found in two survey stations of Cummings Creek, the numbers were low.  The 
lowest reach of Cummings Creek would have historically provided greater habitat due to 
increased scour and depth with stream size, but it is so aggraded that it had run dry during the 
time of CDFG (2007a) surveys (6/19-28).  Similarly, carrying capacity of the North Fork Yager 
Creek should be increasing in a downstream direction, but instead the uppermost reach has the 
highest number of 2 year old steelhead and yearlings (CDFG 2007g).  This is again indicative of 
diminished habitat stemming from cumulative watershed effects. 
 

 
Figure 2-18.  Electrofishing survey results associated with CDFG habitat typing conducted in 
2006.  (Cumm = Cummings, UN_Griz_Trib = Grizzly Creek unnamed tributary). 

 
Two year old steelhead juveniles were absent from the South Fork Yager Creek (CDFG 2007h), 
Stevens Creek, and Grizzly Creek as well as an unnamed tributary of Grizzly Creek.  Hely Creek 
had a significant number of yearling steelhead, but only one 2 year old.  Therefore, one could 
conclude that carrying capacity for successful juvenile steelhead rearing to age two or three is 
very limited and is likely limiting the adult winter steelhead population.   
 
 
Pathways to Recovery of Pacific Salmon 

Bradbury et al. (1995) stated that the most important action for the recovery of salmonid species 
is “protection and restoration of watersheds that support a diversity and abundance of native 
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fishes and represent a diversity of ecosystem types.”  Reeves et al. (1995) stress mimicking 
natural disturbance regimes as the path towards recovery and recommend establishing refugia:  
 

Identification of watersheds that have the best potential for being restored should also 
be short term priority of any recovery strategy. These watersheds could serve as the 
next generation of reserves.   

 
The Northwest Forest Plan (FEMAT 1993) caused significant increases in protection of publicly 
owned watersheds to assist freshwater habitat and Pacific salmon recovery, but protected areas in 
the Van Duzen are restricted to the headwaters where only steelhead have access.  Consequently, 
species like Chinook and coho salmon in the Van Duzen River will not be restored unless habitat 
can be improved in high intrinsic potential reaches on private lands, similar to the findings of 
Burnett et al. (2007) in coastal Oregon.  Williams et al. (2006) used geologic information from 
the Van Duzen River basin to show a large patch of alluvium extending from the mouth of the 
river upstream to just above Yager Creek that would have provided optimal habitat for multiple 
species of Pacific salmon, including coho (Chapter 1, Figure 1-8).  Consequently, this is where 
restoration is likely to have the greatest benefit. Habitat with high intrinsic potential (IP) in the 
headwaters is on or below USFS lands and conservation and restoration activity (USFS 1998b) 
there will likely maintain and/or improve conditions for steelhead. 
 
Reeves et al. (1995) summarized the needed change in management: “the character of 
anthropogenic disruption must be shifted from a press to a pulse disturbance.”  The question then 
becomes can private land owners manage their lands profitably while moving the watershed and 
stream systems back towards their normal range of variability so that salmon and steelhead can 
be maintained.  There are no intact sub-basins or aquatic refugia anywhere in the Van Duzen 
River or Yager Creek basins, so those areas that provide functional habitat patches for multiple 
Pacific salmon species become the priorities.   
 
The upper Van Duzen has summer and winter steelhead runs and some of the lower basin 
tributaries sustain both Chinook salmon and steelhead.  Lawrence Creek stands out as having the 
highest production of Chinook salmon and it could likely be restored within a decade to 
temperatures and conditions suitable for coho salmon with concerted effort.  Alluvial reaches 
recommended for restoration are currently largely non-functional for salmonids, but could 
support multiple salmonid species if restored.    
 
 
Invasive Species – The Pikeminnow 
Populations of Pacific Salmon are threatened on a number of levels, most of which stem from 
sedimentation and the problems resulting from sediment such as elevated temperatures and loss 
of habitat.  However, these populations are threatened on another level from the introduction of 
an exotic species known as the pikeminnow. The pikeminnow, formally called Squaw Fish or 
Sacramento Squaw Fish, is a voracious feeder. The northern pikeminnow (Ptychocheilus 
oregonensis) is the largest species of the minnow family. In the Eel River, the fish has been 
caught up to 26” with a more typical size from 9-16”. Much larger fish have been reported taken 
from Lake Pillsbury on the upper main stem of the Eel River. The fish is not native to the Eel 
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River, believed to have been introduced by irresponsible fishermen in the late 1970’s, emptying 
minnow buckets (live bait) into the waters of Lake Pillsbury at the end of the fishing day.   
 
The fish is a strong competitor and quickly gained a niche, rapidly multiplying and spreading 
throughout the Eel River ecosystem. The pikeminnow is now found in all stems of the Eel River 
and most of its tributaries, including the Van Duzen River and its tributaries. This species is a 
predator, traveling in large schools to locate their prey. They are piscivorous (fish eaters) but will 
eat most any living creature in the water, from their own young to any species unfortunately 
occupying the same water, including Cray fish and frogs. In the case of the Eel River the 
unfortunate residents are the threatened and endangered salmon and steelhead. An adult 
pikeminnow will consume up to 10 young salmonids per day, and in just three years a single 
adult will kill over 10,000 young salmon. Salmon runs on the Eel have declined from an 
estimated migration of 38,000 in the late 1970s to less than 500 in 2003.   
 
While the origin of the pikeminnow problem is not directly related to water quality, presence and 
especially proliferation of this fish is very closely tied to the problems related to water quality.  
Before the onset of logging in the Van Duzen River Basin, habitats were perfectly suited for cold 
water species, especially salmonids.  The pikeminnow is warm water species, finding its most 
desirable spawning areas in the shallow waters around the periphery of Lake Pillsbury.  
Nonetheless, this species has become endemic to the entire Eel River (and Van Duzen River) 
system, which has been exacerbated by the warm water temperatures that are now common 
during the summer months in these rivers.  Therefore, while eradication of the pikeminnow 
would be most desirable, an acceptable alternative would be to minimize its impact by keeping 
its numbers very low.  The best way to minimize pikeminnow numbers is to bring about a return 
of the conditions that foster the cold water habitats that once characterized the Eel River and Van 
Duzen River ecosystems.   
 
 
Rainfall, Flow, and Water Use 
Many of the problems in the Lower Van Duzen River Basin are symptomatic of a lack of 
understanding of water dyanamics, and the misuse of water and resources throughout the 
watersheds.  There are also misconceptions regarding the roles of and relationship between 
commercial, domestic, and private use of water and water rights.  Some of the more apparent 
topics are briefly discussed below.   
 
 
Rainfall Interception and Peak Flows 

The forest canopy intercepts rainfall as leaf and bark surfaces are wetted.  Water is evaporated by 
the atmosphere from these surfaces during and after rainfall events.  This evaporation results in 
lower effective rainfall or through-fall of rain to the ground surface (Rains 1971). Vegetation 
also transpires moisture from the ground into the atmosphere.  Thus, reduction of leaf area index 
plays an important role in management of both soil saturation and peak flow runoff.  Because 
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soil saturation increases soil pore pressure and the likelihood of landslides and other mass 
wasting processes, as well as levels of peak flow runoff that drive the rate of surface erosion, 
channel extension and channel bank and bed erosion, sediment delivery and transport rates are 
increased following reductions in vegetative canopy (Dunne and Leopold 1978).  It is 
recommended that vegetative canopy be maintained at levels approaching biological maximums 
(Berrill and O’Hara 2009) to control sedimentation and lessen chronic turbidity impairment of 
the Van Duzen River and tributaries.  
 
 
Water Diversions 

A significant cause of water quality impairment in the Van Duzen is diversion for commercial 
use such as watering of logging roads, fire fighting, and agriculture.  Commercial use of water is 
concentrated during summer low flows when aquatic species are stressed.  Domestic use of water 
is the priority use of water in California pursuant to Article X, Section 2 of the California 
Constitution.  Domestic use includes irrigation for domestic agricultural activities.  Maintenance 
of the high water quality necessary for domestic use also protects fish and aquatic resources.  
Commercial activities can store water in tanks during high flow periods for low flow period 
usage.  During these higher flow periods, sediment is often flushed from road surfaces and 
harvest units.  Therefore, it is recommended that discharge water from man-made or discrete 
conveyances be diverted into water storage facilities for low flow season use.  Implementation of 
water storage from discrete conveyances such as road surfaces and erosion features can also help 
control sediment discharge by capturing and filtering out sediment. 
 
 
Erosion from Roads and Compaction 

The most important control of soil loss from timber harvest activity is the extent and nature of 
road construction.  Many studies have shown that skid trails and haul roads are the primary 
sources of sediment (Dunne and Leopold 1978), and a typical occurrence in the Lower Van 
Duzen River Basin.  Most roads and skid trails remaining after completed timber plans are 
compacted and concentrate runoff.  Many roads and skid trails have steep gradients and intercept 
and divert ground water. In the Van Duzen, haul roads and visible skid trails may cover 9.0 miles 
per square mile of previously logged planning watersheds.  One third of the Planning Watersheds 
exceed 8 miles of roads per square mile of watershed.  The rates of soil loss resulting from these 
haul roads and skid trails can be very high compared to normal rates of erosion under natural 
forest conditions.  It is recommended that roads and skid trails with steep gradients or that 
intercept and divert ground water be removed to restore natural soil and slope conditions.  
 
 
Gravel Mining in the Lower Van Duzen River 

Gravel mining on the lower Van Duzen River floodplain prevents re-establishment of riparian 
vegetation and keeps the channel in an unstable condition.  The method of extraction is 
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skimming, a process that flattens the river profile not only at the site of operations, but in the 
upstream and downstream reaches as well (Figure 2-19).  The gravel mining operation at the 
mouth of the Van Duzen sometimes creates channel conditions that block adult salmon 
migration.  Aggradation and loss of a defined riparian corridor cause this reach to lose surface 
flow in late summer and fall.  Commercial gravel operation in the lower river, and particularly at 
the convergence with the Eel River, should be discontinued to allow channel recovery and re-
establishment of hydrologic conditions that promote salmonid restoration.  This could be 
accomplished through acquisition of land or easements.   

 

 
 

 
Figure 2-19.  Van Duzen River downstream of Yager Creek shows very poor channel 
conditions for cold water fisheries (Photo by C. Quilez).    

 
Carlos Quilez is a landowner who lives with many of his neighbors adjacent the Van Duzen 
River in the Lower Van Duzen River Basin.  He has experienced, first hand, the effects of gravel 
mining in the lower basin, and has seen many of the problems that have developed in the channel 
as a result this activity.  The following are excerpts from descriptions of his experiences living 
and working in the presence of gravel mining operations.    
 
 
Gravel Mining on our Rivers:  The One‐Stop Shop for River Destruction 

Gravel mining on the Van Duzen River started out as a right of a riverside landowner to use 
some gravel for road building and/or ranch-road maintenance (Figure 2-20).  The amount of 
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mining increased with logging as instream gravel was used for the more permanent roads.  Cheap 
and simple, this went unregulated until 1997 when Humboldt County lent legitimacy to mining 
with the quasi-scientific “County of Humboldt Extraction Review Team” (CHERT).  What 
CHERT does is to attempt to measure the amount of gravel added over the year and make a 
determination of how much material can be removed.  As a general rule they authorize the 
amount of “new” gravel to be removed.  One can easily see that if this is done in an impaired 
section of the river, the impairment will continue into perpetuity.  Since all navigable waterways 
belong to the United States, the US Corps of Engineers also permit instream gravel mining.  In a 
nutshell, instream gravel mining involves the removal of the gravel that has accumulated to the 
low water level of the river throughout the previous year.  Though this may sound sustainable, it 
is actually very detrimental (Figure 2-21).  
 
 

 
Figure 2-20.  Bulldozing gravel along the Lower Van Duzen River.  Photo by C. Quilez.   
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Figure 2-21.  Loss of channel integrity and depth in the Lower Van Duzen River, 
exacerbated by gravel mining.  Photo by C. Quilez.   

 
One can quickly see that this type of gravel removal can have a devastating impact.  The 
authorized mode of gravel removal called “bar skimming” entails the use of heavy equipment on 
the riverbank and is the literal scooping up of gravel along the bank of the river and carting out 
with big-rig gravel trucks (Figure 2-22).  This removal creates a smorgasbord of ills for the river 
 
First, the removal of the top layer of gravel to the main channel of a river has the effect of 
lowering the low water flows from year to year, while concurrently widening the channel of the 
river.  The continued effect is to both to lower and widen a river’s bank while keeping the main 
channel shallow.  The consequences of this are a one-stop shop for river destruction.  Each year’s 
new high water flow is dissipated along a shallow bank that has been created.  Water pressure is 
thus reduced to the point where the river no longer carves out its channel.  The mined portion of 
the river simply ebbs and flows with no channel building or channel deepening.  The disturbed 
riverbank also becomes a conduit for sediment left behind as the rocks and gravel are removed. 
With wide and shallow rivers and the subsequent reduced water pressure, the temperature of the 
water is increased, and the potential for future riverbank riparian growth is eliminated (because 
the seeds, seedlings, and all other types of vegetation are also continuously removed).  Removal 
of this type of vegetation is devastating to the integrity of the channel and eliminates any 
potential for future channelization by an intact riparian zone.   
 
 
.   
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Figure 2-22.  Large trucks used to haul away gravel from the river bar in the Lower Van Duzen 
alluvial plain.  Photo by C. Quilez.   

 
The cumulative consequences to trout and migratory cold-water fish are devastating.  Along with 
the raising of temperature, the continual lowering of the low water mark also results in the 
destruction of existing spawning areas and the elimination potential future spawning areas as 
sediment collects on the now shallow and once rocky river bottom.  Since the losses of fish 
resulting from the destruction of spawning habitat are not dramatic (no dead fish floating by, but 
thousands of present and future fish eggs destroyed) it mostly goes unnoticed.  What is clearly 
noticeable is the yearly decline in salmonid stocks usually blamed on over-fishing rather than 
habitat loss. 
 
This type of mining also has inherent collateral damage.  Roads need to be built over existing 
riparian habitat in order to move the gravel out (Figure 2-23).  These roads when flooded also 
add even more sediment.  Riparian areas above the high water mark are also destroyed for the 
purpose of stockpiling gravel.  Along the Eel River, for example, it is not unusual to see large 
mounds of gravel along its bank.  These are stockpiles where the gravel had no market and so 
they are simply abandoned.  It is also not unusual to see some sort of gravel processing 
equipment on site.  Crushers and asphalt plants abound on all of Humboldt’s riversides.  There is 
also an unsurprising amount of debris, brake fluid, motor oil and other pollutants associated with 
mining areas.  This debris is usually simply dumped in the river for the next water flow to 
remove, rather than having it safely removed from the site (several Clean Water Act lawsuits 
have resulted from this).  Unfortunately even when mining operations are caught dumping or 
destroying habitat, the resultant fines are simply seen as part of the cost of doing business.   
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Figure 2-23.  Roads constructed along the river Channel Migration Zone for the purpose of 
transporting extracted gravel from the river bar.  Photo by C. Quilez.   

 
Civilization’s need for building material is seemingly boundless. Gravel is needed for roadbeds, 
concrete, home foundations and many other human activities.  As yet we do not have a cost 
effective method of gravel mining in such a way as to be beneficial to a river (if such technology 
even exists).  Though hard-rock quarries also have their own environmental problems, they 
provide an alternative source of aggregate.  Gravel mining, as any other business seeks to 
maximize profit and minimize costs.  Instream gravel mining provides all of this at a very low 
cost. Any spot on the river can be mined for the previous year’s accumulation.  Anyone can get a 
bucket loader and start filling up trucks.  It’s simple, cheap and very destructive.   
 
The Van Duzen River has been overburdened by mining.  Many old timers remember the many 
fishing/swimming holes on the Van Duzen that are now shallow pools that can be walked across.  
It’s not unusually for the summer heat to cause breakouts of toxic algae poisoning the water to 
such an extent that the California Department of Fish and Game now often warns citizens about 
the dangers of toxic blooms in the river.   For now, Humboldt County is one of the few 
remaining counties in California that still allow the practice of instream gravel mining.  All the 
while, the “Wild and Scenic” Van Duzen River continues to be assaulted (Figures 2-24, 2-25).   
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Figure 2-24.  Evidence of gravel mining down to the river’s edge in the Lower Van Duzen River 
Basin.  Photo by C. Quilez.   
 
 

 
Figure 2-25.  Temporary bridge constructed to allow additional mining and gravel extraction 
from both sides of the river.  Photo by C. Quilez.   
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Observations and Recommendations for Habitat Improvement in the 
Lower Van Duzen River Basin 
 
1) The system should be managed as an anadromous, natural production stream. 
 
2) Water temperatures in July suggest that maximum temperatures in the main stem Van 

Duzen River and Yager Creek, as well as some of its tributaries are above the acceptable 
range for juvenile salmonids.   

 
3) Increase the riparian canopy by planting willow, alder, redwood, and Douglas fir along the 

stream where greater amounts of shade is needed. Plantings should be coordinated with 
bank stabilization and upslope erosion control.  

 
4) Inventory and map sources of stream bank erosion and prioritize them according to present 

and potential sediment yield, to identify sites that should be treated to reduce the amount of 
fine sediments entering the stream. 

 
5) Sediment sources in relation to roads should be identified, mapped, and treated according 

to their potential for sediment yield into the stream and its tributaries. 
 
6)  Pool enhancement structures should be added to increase the number of and/or deepen 

existing pools. This must be done where the banks are stable or in conjunction with stream 
bank armor to prevent erosion.   

 
7) The amount of complex woody cover (e.g., hardwoods and conifers) should be increased in 

pools and flatwater habitats.   
 
8) Identify, map, and treat active and potential sediment sources related to roads, according to 

potential for sediment yield into the river and its tributaries.   
 
9) Eliminate or strictly regulate gravel mining in the lower river alluvial plain, especially near 

and adjacent the river channel, in order to foster the return of a healthy riparian zone, 
deepening of the channel, and cooler stream temperatures. 
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Flow Rate, Temperature, and Habitat 

1) Monitor and record flow rate or discharge on an annual basis, in order to show the 
relationships between flow rates in the wet season versus the dry season.   

• Intact, healthy watersheds with forests of increasing age structure and complexity will 
have a greater water holding capacity than impaired watersheds, where forests are of a 
single dimension and lack complexity.   

• Greater water holding capacity will reflect intact forests that facilitate sustainability in 
timber harvest management. 

• In those streams where TTS stations are installed (at least 10 sites), stream discharge will 
be monitored continuously, and is therefore part of the cumulative data base.  However, 
flow rates will also be monitored in at least 15 other streams throughout the year.   

• These additional streams will include Bell Creek, Fish Creek, Alan Creek, Booths Run, 
Shaw Creek, Cooper Mill Creek, Blanton Creek, Corner Creek, North Fork, Middle Fork, 
and South Fork Yager Creek, Barber Creek, Wilson Creek, Cuddeback Creek, Fiedler 
Creek. 

2) As temperature is a function of water quality, streams will run cooler in the presence of an 
adequate riparian zone, and a healthy riparian zone will contribute to a healthy forest and a 
more stable aquatic ecosystem.  Cooler stream temperatures will also result in habitats that 
favor salmonids over invasive species such as the pikeminnow.  

3) Many streams will be targeted for planting of riparian vegetation, including hardwoods like 
alder, willow, and cottonwood, as well as later plantings of redwood.   

• Some of the most likely streams with the greatest potential to benefit from these plantings 
are those streams that provide suitable habitat for coho and Chinook salmon, steelhead, 
and cutthroat trout (see Chapter 6, Figures 6-2 and 6-3).   

• These streams include Lower Lawrence Creek, Corner Creek, Cooper Mill Creek, 
Blanton Creek, Fish Creek, Alan Creek, Shaw Creek, Lower Yager Creek (downstream 
from the Lawrence Creek convergence), Cuddeback Creek, Fiedler Creek, Lower Stevens 
Creek, Lower Grizzly Creek, and Root Creek. 

4) Establish a program for placement of large wood (LWD) into streams with potential for re-
establishment of maintenance of salmonid populations, in those streams listed in 3) above.   
 

 
 
 


