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Introduction
Auburn Ravine is a 33 mile creek located in the western Sierra Nevada foothills. The
headwaters of Auburn Ravine are located on the northern edge of Auburn at an
elevation of 1,100 feet. As part of an intricate conveyance system used to deliver water
for mostly agricultural use on its way to the Sacramento River, the creek travels
westward through Auburn, Ophir, and Newcastle. It is joined by Dutch Ravine near Gold
Hill at an elevation of 324 feet, continues west through Lincoln, heads south, and
terminates at the East Side Canal at an elevation of 40 feet. The East Side Canal flows
south to Pleasant Grove, where it joins the Cross Canal. Immediately downstream from
the Feather-Sacramento River confluence at Verona, the Cross Canal meets the
Sacramento River.
Most of the water running through Auburn Ravine is not natural flow. Below Auburn,
flow is generated by PG&E’s Wise Powerhouse, the city of Auburn’s Waste Water
Treatment Plant, and Nevada Irrigation District (NID) diversion water. Further
downstream, the city of Lincoln's Waste Water Treatment Plant produces flow in the
creek. Much of the stream flow in Auburn Ravine from April to October is a combination
of water imported from the Yuba, Bear, and the American Rivers that is diverted for
crop irrigation. Historically, during this period Auburn Ravine would have been dry or
had very low flow (Titus 2001).

In December of 2011, passage barrier improvements were completed by Nevada
Irrigation Distract to the Lincoln Gauging Station on Auburn Ravine. Starting in October
of 2012, the California Department of Fish and Wildlife conducted three years of fall run
Chinook salmon (FRCS) spawning surveys in Auburn Ravine. Field surveys were
designed to determine spawning periodicity, develop an index of FRCS redd
abundance, and estimate adult breeding population size.
Methods
We conducted redd surveys to determine the location and timing of adult FRCS
spawning activity in seven miles of Auburn Ravine (Figure 1) in order to estimate redd
abundance and adult breeding population size. Due to limited accessibility, the seven
mile survey area was broken into four reaches. Each reach size was determined based
on accessible entry and exit points (Table 1) and the ability of a two person crew to
finish a complete survey in one day. Each survey season started approximately two
weeks prior to October 15 when Coppin Dam, a flashboard dam located on East Side
Canal that impedes fish passage, is removed. Redd surveys were conducted until no
new redds or salmon were seen over two consecutive survey periods. Most surveys
ended by the third week in December, although in 2014 surveys ended the third week
of January 2015. Surveys were attempted once per week at each of the four sites
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except when conditions did not allow or higher flows prevented safe access to survey
sites. In order to meet validity standards outlined in Gallagher and Gallagher (2005) and
estimate salmon escapement, all surveys sites were visited at least once every 14 days.

Prior to the start of each survey, stream flows for each reach were visually estimated
and instantaneous water temperature was recorded handheld thermometer. Creek
water visibility was quantified as the maximum depth to which stream substrate was
visible. Walking upstream, crews searched for new and old redds and recorded
information from flagged and newly created redds. When a new redd was identified,
crews collected measurement data, depth, mean column water velocity, GPS waypoint
(WP), and enumerated any fish actively building or holding on redds.

All newly constructed redds observed were identified to species, treated as unknown, or
denoted as ‘'test” (i.e., redds that appear incomplete to observers) and marked with
flagging and counted during each visit. Test redds were reexamined on consecutive
surveys and reclassified appropriately based on their apparent completion.
For each redd, the unique identification number, date first observed, location relative to
the flag (distance and compass direction), and species were recorded on the flag and
on the data form. Redd locations were georeferenced with each GPS WP having the
same unique identifier as the observed redd. Crews noted redds on which fish were still
active and redds that did not appear to be completed. In these cases, redds were
reexamined on the next survey.

Measurement details

In order to accurately estimate the area of the redd so data could be used to
differentiate species and estimate escapement, crews measured the pot area and tail
spill of each newly constructed redd. Total area of the redd was calculated from the
field measurements treating the pot as a circle or ellipse and the tail spill as a square,
triangle, or rectangle depending on the individual measurements (Figure 2),
Pot Dimensions
Pot Length was the total length of the pot parallel to the stream flow in meters to the
nearest decimeter and measured from the top to bottom edge. When the pot was
irregularly shaped, crews did their best to estimate the total length.
Pot Width was the maximum width of the pot perpendicular to the stream flow or pot
length in meters to the nearest decimeter and measured from one edge to the other.
When the pot is irregularly shaped, crews did their best to estimate the maximum width.

Pot Depth was the measure of the maximum depth of the excavation relative to the
undisturbed stream bed in meters to the nearest decimeter.
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Pot Substrate was the size of the dominant and subdominant substrate in the pot.
Crews visually estimate the size of the dominant and subdominant substrate in the pot
in centimeters. Substrate sizes were estimated as the length of the diameter of the
smallest axis that will pass through a sieve, in centimeters.
Tail Spill Dimensions

Tail Spill Length was the total length of the tail spill parallel to the stream flow in meters
to the nearest decimeter as measured from the top edge of the middle of the pot to
bottom edge of the tail spill. When the tail spill was irregularly shaped, crews did their
best to estimate the total length.
Tail Spill Width was the maximum width of the tail spill perpendicular to the stream flow
or pot length in meters to the nearest decimeter as measured from one edge to the
'
other at a distance of 1/3 and 2/3 down from the top of the tail spill. When the tail spiil is
irregularly shaped, crews estimated the maximum width.
Tail Spill Substrate was the size of the dominant and subdominant substrate in the pot.
Crews visually estimate the size of the dominant and subdominant substrate in the pot
in centimeters. Substrate sizes were estimated as the length of the diameter of the
smallest axis that will pass through a sieve, in centimeters.
Escapement assessment

Redd longevity and observer efficiency in redd detection was estimated for Auburn
Ravine by tracking the condition of individual redds measured during previous surveys
and the observers ability to find all previously identified redds. Observer efficiency was
calculated as the average of the percentage of known redds observed during each
survey (Gallagher et al. 2007). To document sex ratios, the sex of all live fish were
visually identified based on behaviors exhibited at redds or other visual cues.
Redd counts were used to estimate the number of female spawners in a given year by
multiplying redd counts by a constant of 1.2 to account for multiple redds per female
(Duffy 2005). Redd counts were then used to estimate total escapement by multiplying
redd counts by estimates of the female-to-male ratio (Gallagher and Gallagher 2005).
Results

A total of 119 surveys in four reaches in Auburn Ravine were completed during the
2012-2014 survey period (Table 1). During this time period, 70 unique FRCS redds
were identified.
In 2012, Department staff completed 32 surveys between October 15 and December 21
and found 45 FRCS redds. Salmon redds were first observed on October 26 (n=13) and
the last redd was observed on December 17 (n=1). The maximum number of newly
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constructed redds observed (n=16) occurred on November 2nd. Average redd density
was 6.3 redds per mile in the area of creek with available spawning habitat. Redd
density was highest in the downstream two mile reach (AR1) with a density of 20 redds
per mile (Table 2). The 2012 estimate of in-creek spawning FRCS, based on 1.2 redds
per female and the observed male per female ratio of 1.38: 1.00, was 161 FRCS.
In 2013, a total of 37 surveys were completed between October 11 and December 13.
On December 2nd, the only redd detected during the 2013 survey period was observed
downstream of Hemphill Diversion Dam in reach AR1 (Table 3). A total of four fall-run
Chinook salmon were observed in 2013 and all fish were detected in reach AR1. Due to
the low observed numbers of redds and salmon, it was not possible to estimate
escapement.

In 2014, a total of 50 surveys were completed between October 8, 2014 and January
23, 2015. Salmon redds were first detected on October 24 (n=1) and the last redd was
observed on January 9, 2015 (n=1). The maximum number of newly constructed redds
observed (n=15) occurred on December 9. Average redd density was 3.3 redds per
mile in the area of creek with available spawning habitat. Redd density was highest in
the downstream two mile reach (AR1) with a density of 10.5 redds per mile (Table 2).
The 2014 estimate of in-creek spawning FRCS, based on 1.2 redds per female and
using the observed male per female ratio of 1.43: 1.00 was 87 FRCS.
Only one previously constructed and flagged redd was missed over the three years of
surveys generating an observer efficiency rating of 99%.

Water temperatures ranged from 7.8 to 18.9 °C with an average temperature of 12.6 °C
Water temperatures were highest during the beginning of monitoring in October and
decreased during the survey period (Figure 3).
Flow ranges varied by year with the largest flows observed in 2012. During that year
flows ranged from 12.2 to 842 cfs (Figure 4). Flows in 2013 and 2014 were substantially
less than the maximum flows observed in December 2012 and ranged from 5 to 51 cfs
(Figure 5) and 4 to 121 cfs (Figure 6), respectively.
Discussion
Redd counts are a useful tool for estimating adult escapement in small riverine systems
where other means of assessment are not practical. In Auburn Ravine, traditional
carcass surveys are not practical because the residence time of a carcass is less than
one week, which may lead to underestimating escapement. This is likely due to the
abundance of natural scavengers that live in the densely overgrown vegetation along
the banks. Therefore, redd counts were the most effective way to estimate adult
breeding population size, as well as provide information to determine spawning
periodicity and develop an index of redd abundance.
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Susac and Jacobs (2003) tested the relationship between redd counts and spawner
abundance over five years in Oregon streams by comparing redd counts to adult counts
at fish ladders and weirs. They found a strong relationship between adult abundance
and redd counts (R2 = 0.97, P<0.001) suggesting that redd counts are a consistent
indicator of run size over the range of run sizes they observed, from 35 to 2,131 fish.

Sufficient data were collected during this study to validate the use of redd counts for
population monitoring and meets the primary criteria established by Gallagher 2007.
These criteria are (1) redds are counted with minimal error (no double, over, or
undercounting errors), and (2) all surveys sites were visited at least once every 14 days.
On average, redds were observable for five weeks after being constructed. The only
exception was after a large rain event on December 2, 2012, when flows exceeded 800
cfs (Figure 4). After the conclusion of this event, all previously constructed redds were
no longer visible and the only evidence of redds were the maker flags placed by staff.

Staff were highly efficient at locating new and previously constructed redds. Only one
redd was missed during surveys in 2012. Intensified training prior to field surveys in
2013 and 2014 and lower numbers of returning salmon are the likeliest reason for zero
counting errors in those survey years. Overall, staff exhibited an observer efficiency
rating of 99%.
Preferred FRCS upstream migration temperatures range between 3.3°C to 18.3°C
(Boles 1992, and Bell 1991) and migration is blocked when temperatures reach 21.1°C.
(Lindley et al. 2004). Average daily temperatures never exceed 18.6°C in October for
2012-2014 study years and temperatures steadily declined through November and
December to a low of 7.8°C. The range of temperatures observed in Auburn Ravine for
2012-2014 surveys do not appear to be a limiting factor in the attraction of salmon
upstream of the Highway 65 gauging station. Additionally, spawning temperatures
observed in November and December 2012-2014 are well within the range of
acceptable temperatures reported in EPA 2003 (Table 5).
The majority of the fall run Chinook salmon returning to Auburn Ravine spawned
downstream of Hemphill diversion dam (n=65) in study site AR1. The highest density of
redds were located % mile downstream of the diversion dam (Figure 5). Although redd
superimposition was observed during spawning surveys in 2012 and 2014 it did not
appear to be a limiting factor for returning adults and represented only 7% of the total
number of redds built in that section. Redd superimposition has been reported to occur
in salmonids when spawning habitats become limited (Weeber et al. 2010) but some
salmonid species have been found to preferentially spawn near existing redds, and that
factors other than fish density and habitat availability may determine redd location
selection (Essington et al. 1998).

In 2014, staff observed Chinook attempting to pass upstream of the diversion dam
during November and December site visits but no fish or redds were observed
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upstream of Hemphill until after a freshet event that occurred from December 13-17,
2015. The rain event in December produced flows in excess of 150 cfs at the Highway
65 gauge for five days and may have made passage by late returning fall run Chinook
possible. This observation was further verified when surveys on January 7 and 9, 2015
found one redd in AR3 and AR4, respectively.

Results of this study indicate that passage improvements to the Hwy 65 Gauging
Station completed by NID in 2011 allowed access to seven miles of what may have
been historic FRCS spawning habitat. Redd densities where highest in the reach
immediately upstream of the gauging station (AR1), but five redds were observed in
AR3 and AR4 cumulatively. This observation suggests Hemphill Diversion Dam, at the
apex of AR1, is a partial barrier to spawning FRCS at low flow.
Future research should focus on quantifying redd escapement and intra-gravel
permeability by evaluating streambed substrate to assess spawning suitability and to
assess survival-to-emergence of salmon eggs and alevins.
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Figure 1. Map location of Auburn Ravine redd surveys completed October to December for years 2012
and 2013. In 2014, surveys were completed from October to January 2015.
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Table 1. Summary statistics of spawning ground reach survey effort and reach survey availability based
flow conditions and staffing for 2012-2014, Auburn Ravine.
Reach
Length
Reach ID
AR1
AR2
AR3
AR4

Description
McBean Park to Hemphill
Hemp Hill to Fowler Rd
Fowler Rd to Bridge Lane
Bridge Lane to to Barrier Upstream of Gold Hill

(mi)
2.1
2
1.6
1.5

Mean # of Maximum # of Proportion
days between days between of seasons
surveyed
surveys
surveys
# of surveys
11
0.86
9
32
0.84
14
31
9
0.76
11
12
28
0.76
11
12
28

Figure 2. Illustration of measurements taken of Chinook redds in Auburn Ravine during 2012-2014
survey seasons.
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Table 2. Summary of total observed redds for 201 2. The number of observed redds per mile was
calculated by dividing the total number of unique observed redds by the reach length.

Reach ID Reach Length (mi)
2012 Survey Results
McBean Park to Hemphill
AR1
2.1
Hemp Hill to Fowler Rd
2
AR2
Fowler Rd to Bridge Lane
1.6
i ARB
Bridge Lane to to Barrier Upstream of Gold Hill
AR4
1.5

No, Redds

Redds/Mile

42
0
1
2

20.0
0.0
0.6
1.3

Table 3. Summary of total observed redds for 2013. The number of observed redds per mile was
calculated by dividing the total number of unique observed redds by the reach length.

2013 Survey Results
Reach ID Reach Length (mi) No. Redds
McBean Park to Hemphill
AR1
2.1
1
Hemp Hill to Fowler Rd
0
AR2
2
Fowler Rd to Bridge Lane
AR3
1.6
0
Bridge Lane to to Barrier Upstream of Gold Hill
1.5
0
AR4

Redds/Mile
0.5
0.0
0.0
0.0

Table 4. Summary of total observed redds for 2014. The number of observed redds per mile was
calculated by dividing the total number of unique observed redds by the reach length.

2014 Survey Results
Reach ID Reach Length (mi) No. Redds
McBean Park to Hemphill
AR1
2.1
22
Hemp Hill to Fowler Rd
AR2
2
0
Fowler Rd to Bridge Lane
AR3
1.6
1
Bridge Lane to to Barrier Upstream of Gold Hill
1.5
AR4
1
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Redds/Mile
10.5
0.0
0.6
0.7
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Figure 3. Average daily temperature (°C) measurements in Auburn Ravine during the 2014 survey
season from October - December.
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cfs

flow,
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Figure 4. Flow (cfs) at Highway 65 and Brewer Road in Auburn Ravine observed during 2012 sampling
season. The Highway 65 gauge is not rated to capture high flow events in excess of 150 cfs.
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Figure 5. Flow (cfs) at Highway 65 and Brewer Road in Auburn Ravine observed during 2013 sampling
season.
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Figure 6. Flow (cfs) at Highway 65 and Brewer Road in Auburn Ravine observed during 2014 sampling
season. The Highway 65 gauge is not rated to capture high flow events in excess of 150 cfs.
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+Table 5. Summary of temperature considerations for salmon life stages presented in EPA 2003.

Temperature
Temperature
Consideration_ _& Unit

Life
Stage
Spawning and
Egg
Incubation

*Temp. Range at which
Spawning is Most Frequently
Observed in the Field

4 - 14°C (daily avg )

* Egg Incubation Studies
Results in Good Survival
-Optimal Range

-

* Reduced Viability of Gametes

4 - 12°C (constant)
6 - 10°C (constant)
> 13°C (constant)

in Holding Adults

Figure 7. Map of FRCS redds found in Auburn Ravine survey reach AR1, immediately upstream of the
Highway 65 gauging station. A total of 65 redds were constructed in this reach from 2012-2014 with the
highest density of redd construction located V* mile downstream of the diversion dam.
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