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INTRODUCTION
A stream inventory was conducted during the summer of 1995 on Angel
Creek to assess habitat conditions for anadromous salmonids. The
inventory was conducted in two parts: habitat inventory and
biological inventory. The objective of the habitat inventory was
to document the amount and condition of available habitat to fish,
and other aquatic species with an emphasis on anadromous salmonids.
The objective of the biological inventory was to document the
salmonid and other aquatic species present and their distribution.
After analysis of historical information and data gathered
recently, stream restoration and enhancement recommendations are
presented.
WATERSHED OVERVIEW
Angel Creek is a tributary to Mill Creek, which is a tributary to
Dry Creek which empties into the Russian River, located in Sonoma
County, California (See Angel Creek map). The legal description at
the confluence with Mill Creek is T9N,R10W,S28. Its location is
38°36'20" N. latitude and 122°58'45" W. longitude. Year round
vehicle access exists from a private road, via Mill Creek Rd., via
Westside Rd. near Healdsburg.
Angel Creek is a second order stream and has approximately 1.23
miles of blue line stream, according to the USGS Guerneville 7.5
minute quadrangle. Angel Creek drains a basin of approximately 1.1
square miles. Flow was measured as approximately 0.15 cfs on July
29, 1995 near the confluence with Mill Creek. Elevations range
from about 520 feet at the mouth of the creek to 1000 feet in the
headwater areas. Coniferous forest dominates the watershed.
The endangered Northern Spotted Owl (Strix occidentalis caurina) is
listed in DFG's Natural Diversity Database as occurring within Mill
Creek Watershed. No sensitive plants were listed.
METHODS
The habitat inventory conducted in Angel Creek follows the
methodology presented in the California Salmonid Stream Habitat
Restoration Manual (Flosi and Reynolds, 1991).
There are 9
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components to the inventory: flow, channel type, temperatures,
habitat type, embeddedness, shelter rating, substrate composition,
canopy, and bank composition.
The AmeriCorps members that
conducted the inventory were trained in standardized habitat
inventory methods by the California Department of Fish and Game
(DFG) under the supervision of DFG's Russian River Basin Planner,
Robert Coey in May, 1995. This inventory was conducted by a two
person team. See parent stream inventory report (Mill Creek) for a
complete discussion of methods.
HABITAT INVENTORY COMPONENTS
A standardized habitat inventory form has been developed for use in
California stream surveys and can be found in the California
Salmonid Stream Habitat Restoration Manual. This form was used in
Mill Creek to record measurements and observations. There are nine
components to the inventory form.
1.

Flow:

Flow is measured in cubic feet per second (cfs) at the bottom of
the stream survey reach using standard flow measuring equipment, if
available. In some cases flows are estimated. Flows were also
measured or estimated at major tributary confluences.
2.

Channel Type:

Channel typing is conducted according to the classification system
developed by David Rosgen (1985). This methodology is described in
the California Salmonid Stream Habitat Restoration Manual. Channel
typing is conducted simultaneously with habitat typing and follows
a standard form to record measurements and observations. There are
four measured parameters used to determine channel type: 1) water
slope gradient, 2) channel confinement, 3) width/depth ratio,
4) substrate composition.
3.

Temperatures:

Water and air temperatures, and time taken, are measured by crew
members with handheld thermometers and recorded at each tenth unit
typed. Temperatures are measured in Fahrenheit at the middle of
the habitat unit and within one foot of the water surface.
Temperatures are also recorded using Ryan Temp-mentors which log
temperature every two hours, 24 hours/day.
4.

Habitat Type:

Habitat typing uses the 24 habitat classification types defined by
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McCain and others (1988). Habitat units are numbered sequentially
and assigned a type identification number selected from a standard
list of 24 habitat types.
Dewatered units are labeled "dry".
Angel Creek habitat typing used standard basin level measurement
criteria. These parameters require that the minimum length of a
described habitat unit must be equal to or greater than the
stream's mean wetted width. Channel dimensions were measured using
hip chains, range finders, tape measures, and stadia rods. Unit
measurements included mean length, mean width, mean depth, and
maximum depth.
Pool tail crest depth at each pool unit was
measured in the thalweg. All measurements were taken in feet to
the nearest tenth.
5.

Embeddedness:

The depth of embeddedness of the cobbles in pool tail-out reaches
is measured by the percent of the cobble that is surrounded or
buried by fine sediment. In Angel Creek, embeddedness was visually
estimated. The values were recorded using the following ranges: 0
- 25% (value 1), 26 - 50% (value 2), 51 - 75% (value 3), 76 - 100%
(value 4).
6.

Shelter Rating:

Instream shelter is composed of those elements within a stream
channel that provide salmonids protection from predation, reduce
water velocities so fish can rest and conserve energy, and allow
separation of territorial units to reduce density related
competition. The shelter rating is calculated for each habitat
unit by multiplying shelter value and percent cover.
Using an
overhead view, a quantitative estimate of the percentage of the
habitat unit covered is made.
All cover is then classified
according to a list of nine cover types.
In Angel Creek, a
standard qualitative shelter value of 0 (none), 1 (low), 2
(medium), or 3 (high) was assigned according to the complexity of
the cover. Thus, shelter ratings can range from 0-300, and are
expressed as mean values by habitat types within a stream.
7.

Substrate Composition:

Substrate composition ranges from silt/clay sized particles to
boulders and bedrock elements. In all habitat units, dominant and
sub-dominant substrate elements were visually estimated using a
list of seven size classes. Mechanical substrate sampling was also
conducted to quantify the percentage of fine sediment within
spawning gravels.
8.

Canopy:
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Stream canopy is estimated using handheld spherical densiometers
and is a measure of the water surface shaded during periods of high
sun. In Angel Creek, an estimate of the percentage of the habitat
unit covered by canopy was made from the center of each unit. The
area of canopy was further analyzed to estimate its percentages of
coniferous or deciduous trees, and the results recorded.
9.

Bank Composition:

Bank composition elements range from bedrock to bare soil.
However, the stream banks are usually covered with grass, brush, or
trees.
These factors influence the ability of stream banks to
withstand winter flows. In Angel Creek, the dominant composition
type in both the right and left banks was selected from a list of
eight options on the habitat inventory form. Additionally, the
percent of each bank covered by vegetation was estimated and
recorded.
SUBSTRATE SAMPLING
Gravel sampling is conducted to determine the percentage of fine
sediment present in probable fish spawning areas. These areas are
generally found in low gradient riffles at the tail-outs of pools.
Two substrate samples were taken in potential spawning riffles in
Angel Creek between December 4-7, 1995. One sample was in Reach 1
and the other was in Reach 2. Each sample consisted of one 12"
McNeil sample to characterize each reach.
The samples were placed through a series of sieves with diameters
of .85mm, 2.37mm, 4.7mm, 12.5mm, 25.4mm, 50.8mm, 76.2mm and 150mm.
Displacement volumes were measured for particles in each size
classification. Finally, the remaining sample <0.85mm was placed
in Imhoff cones for 1 hour with the volume of fines settled out and
measured.
BIOLOGICAL INVENTORY
Biological sampling during stream inventory is used to determine
fish species and their distribution in the stream.
Biological
inventory is conducted using one or more of three basic methods:
1)
stream bank observation,
2)
underwater observation,
3)
electrofishing. These sampling techniques are discussed in the
California Salmonid Stream Habitat Restoration Manual.
DATA ANALYSIS
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Data from the habitat inventory form are entered into the Habitat
Program, a dBASE IV data entry program developed by the California
Department of Fish and Game (DFG). This program also processes and
summarizes the data.
The Habitat Runtime program produces the following tables:
•
•
•
•
•
•

Riffle, flatwater, and pool habitat types
Habitat types and measured parameters
Pool types
Maximum pool depths by habitat types
Dominant substrates by habitat types
Shelter type areas by habitat types

Graphics are produced from the tables using Lotus 1,2,3.
developed for Angel Creek include:
•
•
•
•
•
•
•
•
•

Graphics

Level II Habitat Types by % Occurrence
Level IV Habitat Types by % Occurrence
Pool Habitat Types by % Occurrence
Maximum Depth in Pools
Percent Embeddedness by Reach
Percent Cover Types in Pools
Substrate Composition in Low Gradient Riffles
Percent Canopy by Reach
Percent Bank Composition

HABITAT INVENTORY RESULTS FOR ANGEL CREEK
** ALL TABLES AND GRAPHS ARE LOCATED AT THE END OF THE REPORT *
The habitat inventory of September 7 to October 2, 1995 was
conducted by Ken Mogan, Kurt Gregory, John Fort (AmeriCorps) and
Julie Maggi (NRCS). The survey began at the confluence with Mill
Creek and extended up Angel Creek to the end of survey at a log
jam. The total length of the stream surveyed was 5413 feet.
Flow was measured at 0.15 cfs on July 29, 1995 near the confluence
with Mill Creek.
This section of Angel Creek has 2 channel types:
2046 feet an F4 and the upper 3367 feet an A4.

from the mouth to

F4 channels are entrenched meandering riffle/pool channels on low
gradients (<2%) with high width/depth ratio and a gravel substrate.
A4 streams are steep, narrow, cascading step-pool streams with high
gradient (4-10%), gravel substrate and high energy/debris transport
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associated with depositional soils.
Water temperatures ranged from 56°F to 65°F.
ranged from 56°F to 87°F.

Air temperatures

Table 1 summarizes the Level II riffle, flatwater, and pool habitat
types. By percent occurrence, riffles made up 44%, pools 34%, and
flatwater 16% (Graph 1). Riffle habitat types made up 65% of the
total survey length, pools 16%, and flatwater 13%.
Twelve Level IV habitat types were identified.
The data are
summarized in Table 2. The most frequent habitat types by percent
occurrence were low gradient riffles, 40%. Percent occurrence of
plunge pools was 11%, runs 10%, and root wad scour pools 9% (Graph
2). By percent total length, low gradient riffles made up 62%,
runs 7%; root wad scour pools 5%, and plunge pools 4%.
Forty-six pools were identified (Table 3). Scour pools were most
often encountered at 72%, and comprised 68% of the total length of
pools (Graph 3).
Table 4 is a summary of maximum pool depths by pool habitat types.
Depth is an indicator of pool quality. Only six of the 46 pools
(13%) had a depth of two feet or greater (Graph 4).
A shelter rating was calculated for each habitat unit and expressed
as a mean value for each habitat type within the survey using a
scale of 0-300. Pool types had the highest mean shelter rating at
61.
Flatwater had a mean shelter rating of 10, and riffles 3
(Table 1). Of the pool types, the scour pools had the highest mean
shelter rating at 76 and main channel pools rated 20 (Table 3).
Table 10 summarizes mean percent cover by habitat type.
Root
masses are the dominant cover type for pools in Angel Creek.
Undercut banks and large woody debris are the next most common pool
cover types. Graph 6 describes the pool cover in Angel Creek.
Table 6 summarizes the dominant substrate by habitat type. Gravel
was the dominant substrate observed in all of the seven low
gradient riffles that were measured.
The depth of cobble embeddedness was estimated at pool tail-outs.
Of the 46 pool tail-outs measured, 8 had a value of one (17%);
fifteen had a value of two (33%); sixteen had a value of three
(35%); and seven had a value of four (15%). On this scale, a value
of one is best for fisheries. On a reach by reach comparison,
Reach 1 was best with 78% of the pool tail-outs having either a 1
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or 2 embeddedness value while Reach 2 had only 25% with a 1 or 2
(Graph 5).
Substrate samples were taken in the field by Mogan, Fort and Huber
(AmeriCorps). Laboratory analysis was done by Hards (SSU Intern),
Huber, Nossaman and Sanchez (AmeriCorps) in May of 1996. The data
was then summarized and analyzed with a computer program written by
Dwain Goforth, National Park Service.
The analysis showed sample 1 (Reach 1) to be 8.7% fines (<0.85 mm)
and sample 2 (Reach 2) to be 8.9% fines. The combined summary of
both samples averaged 8.8% fines. The combined summary showed 75%
of the substrate to be less than 42mm, 50% to be less than 19mm and
25% to be less than 4.82mm (see Grain Size Distribution Plot). No
stratification in fines was evident by reach.
Twelve percent of Angel Creek lacked shade canopy. Seventy-three
percent of the stream had canopy consisting of coniferous trees and
15% had a canopy of deciduous trees.
For the stream reach surveyed, the mean percent right bank
vegetated was 71% and the mean percent left bank vegetated was 70%
(Appendix C).
For the habitat units measured, the dominant
vegetation types for the stream banks were: 84% coniferous trees,
9% deciduous trees, 5% brush and 2% grass. The dominant substrate
for the stream banks were: 78% cobble/gravel, 21% silt/clay/sand
and 2% bedrock (Appendix C, Graph 9).
HABITAT INVENTORY RESULTS FOR N.F. TRIB. TO ANGEL CREEK
The habitat inventory of October 3, 1995 was conducted by Ken Mogan
and Kurt Gregory. The survey began at the confluence with Angel
Creek and extended up N.F. Trib to Angel Creek to the end of
survey. The total length of the stream surveyed was 1552 feet.
This section of N.F. Trib to Angel Creek is an F4 channel type. F4
streams are entrenched, meandering riffle/pool gravel channels on
low gradients with high depth/width ratio.
Water temperatures ranged from 55°F to 58°F.
ranged from 59°F to 66°F.
By percent occurrence, pools
flatwater 26% of the habitat.

made

up

31%,

Nine Level IV habitat types were identified.
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Air temperatures

riffles

31%,

and

The most frequent

habitat types by percent occurrence were low gradient riffles, 28%.
The percent occurrence of glides was 15%; log enhanced scour pools,
15%; and dry stream bed, 13%. By percent total length, dry stream
bed made up 45%, low gradient riffles 28%, glides 8% and log
enhanced scour pools 5%.
Twelve pools were identified.
Scour pools were most often
encountered at 83%, and comprised 80% of the total length of pools.
Only one of the 12 pools had a depth of two feet or greater.
Pool types had the highest shelter rating at 86. Riffles had a
mean shelter rating of 13 and flatwater had the lowest rating at 2.
Large woody debris is the dominant cover type.
Gravel was the dominant substrate observed. Of the 12 pool tailouts measured for depth of cobble embeddedness, 59% had a value of
either 1 or 2.
Approximately 13% of N.F. Trib to Angel Creek lacked shade canopy.
For the stream reach surveyed, the mean percent left bank vegetated
was 65% and the mean percent right bank vegetated was 55%. For the
habitat units measured, the dominant vegetation types for the
stream banks were: 79% coniferous trees, 8% deciduous trees, 8%
brush and 4% bare soil.
The dominant substrate for the stream
banks were: 71% cobble/gravel, 13% bedrock, 13% silt/clay/sand and
4% boulder.
BIOLOGICAL INVENTORY
JUVENILE SURVEYS:
On October 10, 1995 a biological inventory was conducted in Angel
Creek to document the fish species composition and distribution at
several locations. Each site was single pass electrofished using
one Smith Root Model 12 electrofisher. Fish from each site were
counted by species, and returned to the stream. Air and water
temperatures were not taken at this time. The observers were Ken
Mogan and Kurt Gregory.
The inventory of Reach one was conducted starting 100 yards
upstream from the confluence with Mill Creek in habitat units 3-24.
In pool riffle, run and glide habitat types 45 0+, three 1+ and
three 2+ steelhead were observed along with 51 sculpin, 3
largemouth bass and 5 Pacific Giant salamanders.
The inventory of Reach two was conducted starting 1/4 mile above
the green gates on the private access road in habitat units 68-81.
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In pool, riffle and run habitat types 25 0+, zero 1+ and one 2+
steelhead were observed along with 13 sculpin and 3 Pacific Giant
salamanders.
The following table summarizes species observed in DFG surveys:
SUMMARY OF SPECIES OBSERVED IN DFG SURVEYS ON ANGEL CREEK
SPECIES

YEARS

Native/Introduced

Steelhead

1995

N

Sculpin

1995

N

Largemouth Bass

1995

I

Pacific Giant Salamander

1995

N

DISCUSSION
Angel Creek has two channel types: F4 and A4. The lower 2046 feet
is an F4 channel type. F4 channels are good for placed boulders
and fair for low-stage weirs, single and opposing wing-deflectors,
channel constrictors and log cover.
The upper 3367 feet of Angel Creek is an A4 channel. The high
energy and steep gradient of A4 channels makes them generally
unsuitable for instream enhancement structures. However, bankplaced boulders are often appropriate.
Any work considered on
Angel
Creek
will
require
careful
design,
placement
and
construction.
The water temperatures recorded on the survey days September 7 October 2, 1995 ranged from 56°F to 65°F. Air temperatures ranged
from 56°F to 87°F. For steelhead, maximum summertime temperatures
should be kept below 65°F. The warmest water temperature at 65°F was
recorded in Reach 1 on September 7.
Riffle habitat types comprised 65% of the total length of this
survey; pools 16%; and flatwater 13%. The pools are relatively
shallow with 13% having a maximum depth greater than 2 feet. In
coastal coho and steelhead streams, it is generally desirable to
have primary pools comprise approximately 50% of total habitat. In
first and second order streams a primary pool is defined to have a
maximum depth of at least two feet, occupy at least half the width
of the low flow channel, and be as long as the low flow channel
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width. Therefore, installing structures that will increase pool
habitat is recommended for locations where their installation will
not jeopardize unstable stream banks, or subject the structures to
high stream energy.
In Angel Creek, the mean shelter rating for pools was 61. In the
North Fork, shelter rating was 86. However, a pool shelter rating
of approximately 100 is desirable. The relatively small amount of
pool cover that now exists is being provided primarily by root
masses, undercut banks and large woody debris. Log and root wad
cover structures in the pool and flatwater habitats are needed to
improve both summer and winter salmonid habitat.
Log cover
structure provides rearing fry with protection from predation, rest
from water velocity, and also divides territorial units to reduce
density related competition.
All low gradient riffles measured had either gravel or small cobble
as the dominant substrate. This is generally considered good for
spawning salmonids.
In Reach 1, 78% of the pool tail-outs measured had embeddedness
ratings of either 1 or 2. However, embeddedness ratings were much
better in Reach 1 than in Reach 2 (Graph 5). Cobble embeddedness
measured to be 25% or less, a rating of one, is considered best for
the needs of salmon and steelhead.
In Angel Creek, sediment
sources should be mapped and rated according to their potential
sediment yields, and control measures taken.
The gravel program analyzed the substrate sample data for egg to
emergence survival rates for steelhead and coho.
The survival
rates are based on a 95% confidence interval and used the Fredle
Index. Based on this index and the data on Angel Creek, the mean
egg to emergence survival rate would be 79% for steelhead and 62%
for coho salmon.
The mean percent canopy for the survey reach was 88%. This is
good, since 80 percent is generally considered desirable. Water
temperatures may be higher due to past removal of mature canopy
trees. Larger trees required to contribute shade would improve
streambank stability and eventually provide a long term source of
large woody debris needed for instream structure.
SUMMARY
A biological survey was conducted to document fish distribution and
is not necessarily representative of population information. The
survey documented many 0+ steelhead, indicating successful
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spawning. However, few 1+ fish were observed indicating poor
rearing conditions the year before or poor holding-over conditions
in general. Although coho were not found in this creek, they were
found in Mill Creek near the confluence. If the temperature regime
and shelter value were improved, coho might utilize Angel Creek.
In general, Angel Creek is fair for steelhead habitat. There are
relatively few pools with adequate depth and shelter. Although
riffle habitat exists, much of it is impacted from sediment, making
it marginal for spawning. Shade canopy is good on Angel Creek,
although it mostly consists of younger trees.
Both reaches are good for bank placed boulders. Reach 1 is fair
for low-stage weirs, single and opposing wing-deflectors, channel
constrictors and log cover.
GENERAL RECOMMENDATIONS
Angel Creek should be managed as an anadromous, natural
production stream.
The winter 1995/96 storms brought down many large trees and
other woody debris into the stream, which increased the number
and quality of pools since the date of this survey.
This
woody debris, if left undisturbed, will provide fish cover and
rearing habitat, and offset channel incision. Many signs of
recent and historic tree and log removal were evident in the
active channel during our survey. Past efforts to increase
flood protection or improve fish access in the short run, have
led to long term problems in the system. Landowners should be
educated about the natural and positive role woody debris
plays in the system, and encouraged not to remove woody debris
from the stream, except under extreme buildup and only under
guidance by a fishery professional.
PRIORITY FISHERY ENHANCEMENT OPPORTUNITIES
1)

Several treated landslides exist in the headwater areas.
These sources of erosion should be corrected. Alternatives
need to be explored with the landowner and appropriate funding
agencies.

2)

Map sources of upslope and in-channel erosion, and prioritize
them according to present and potential sediment yield.
Identified sites should then be treated to reduce the amount
of fine sediments entering the stream.

3)

Where feasible, increase woody cover in the pool and flatwater
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habitat units along the entire stream. Adding high quality
complexity with larger woody cover is desirable. Combination
cover/scour structures constructed with boulders and woody
debris would be effective in many flatwater and pool locations
in the upper reaches. This must be done where the banks are
stable or in conjunction with stream bank armor to prevent
erosion. In some areas the material is at hand.
4)

Where feasible, design and engineer pool enhancement
structures to increase the number of pools in the upper
reaches. This must be done where the banks are stable or in
conjunction with stream bank armor to prevent erosion.

PROBLEM SITES AND LANDMARKS - ANGEL CREEK SURVEY COMMENTS
STREAM
LENGTH (FT)
76
97
807
857
936
1066
1078
1123
1373
1403
1475
1577
1614
2374
2427
2877
3239
3249
3510
3522
3786
3891
3900
4113
4129
4231
4295

COMMENTS

HABITAT UNIT #

2+ FISH
CULVERT 21'L X 5' DIAM.; ANGEL CREEK RD
CRAYFISH;SPRING
GIANT PACIFIC SALAMANDER 12" LONG AT LOG JAM
BRIDGE #1; TRIBUTARY LF BANK (CULVERT)
029
CULVERT 42' LONG
CRAYFISH
CRAYFISH
LOG JAM
LOG JAM
043
0+ SALMONIDS; CRAYFISH
048
ELECTROFISHING SPOT
ELECTROFISHING SPOT
GULLY 20'L X 25'W X 15'D UPSLOPE, HIGH WATER; ROAD
ABOVE SLIDE
LOG JAM
2+ FISH; TRIBUTARY RT BK 56°F
075
LOGGING ROAD THROUGH CREEK
ELECTROFISHING SPOT; 6-0+ FISH
LOG JAM; RT BANK EROSION 35'L X 30'W X 18'D HIGH
WATER FLOW AND DEBRIS INFLUENCE
ELECTROFISHING SPOT; 0+ FISH
LOG JAM 10'L X 6'H X 25'W; OLD ROAD THROUGH CREEK 096
PACIFIC GIANT SALAMANDERS
LARGE FROG
LARGE LOG JAM
LARGE LOG JAM CONTINUED
SPRING RT BANK 59°F
SPRING RT BANK 59°F
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4331 LOG JAM BELOW DRY UNIT 5'H X 15'W X 9'L RETAINING 108
GRAVEL
4866 PACIFIC GIANT SALAMANDER
4957 DRY TRIB LF BANK
5176 SLIDE LF BANK 15'L X 20'W X 6'D
5303 SPRING LF BANK; IRON DEPOSITS BOTH LF AND RT BANKS
5314 FINE SILT ON TOP OF CREEK SUBSTRATE; SPRING LF BANK
5414 NO CULVERT FOR NEW ROAD BUILT ABOVE HERE ON RT BANK 135
PROBLEM SITES AND LANDMARKS - N.F. TRIB TO ANGEL CREEK SURVEY
STREAM
LENGTH (FT)
COMMENTS
164
184
514
584
676
711
753
786
817
881
909
928
934
1152

CULVERT AGGRADING, 41' LONG INSTREAM
3' CULVERT INSTREAM 20' L NEW LOGGING ROAD
E.F. SPOT; 0+ SALMONIDS
SCULPINS
IRON DEPOSITS 4' X 6' CAUSED BY HIGH WATER AND
ROAD THROUGH CREEK
2+ SALMONIDS
OLD LOGGING ROAD THROUGH CREEK
DEAD SCULPIN
CRAYFISH; E.F. SPOT
5 PC LG WOODY DEBRIS
SPRING RT BK; OLD LOGGING RD THROUGH CREEK
DRY TRIB RT BK
PACIFIC GIANT SALAMANDER; LOG JAM
END OF SURVEY
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