LOWER YUBA RIVER ACCORD
PILOT REDD SURVEY REPORT:
SEPTEMBER 15, 2008 – APRIL 27, 2009
Introduction
The lower Yuba River Accord (Accord) consists of a Fisheries Agreement and several
other elements.

The Fisheries Agreement includes descriptions of the River

Management Team (RMT) and the River Management Fund (RMF).

The Fisheries

Agreement in its entirety can be found on the RMT website .
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The Fisheries Agreement was drafted to maintain flows in the lower Yuba River to
benefit native Chinook salmon, steelhead trout, and other fish resources. The Yuba
Accord established a River Management Team (RMT), which includes representatives of
the Yuba County Water Agency (YCWA), National Marine Fisheries Service (NMFS),
California Department of Fish and Game (CDFG), California Department of Water
Resources (CDWR), Pacific Gas and Electric (PG&E) and several non-governmental
organizations (NGOs) including the South Yuba River Citizens League, Friends of the
River, Trout Unlimited, and The Bay Institute. The RMT, through a consensus-based
process and in cooperation with state and federal regulatory agencies, coordinates
monitoring and evaluation of lower Yuba River fish resources and habitat.
The RMT has developed a Monitoring and Evaluation (M&E) Plan to provide
monitoring data necessary to evaluate if the Yuba Accord is maintaining fish in good
condition and promotes Viable Salmon Populations (VSP) in the lower Yuba River. In
addition, a goal of the M&E Plan is to identify and evaluate relationships between flows
and water temperatures; and fish population and aquatic habitat attributes. The M&E
Program strategic framework builds upon a limiting factor analysis conducted as part of
the process to develop flow schedules for the Yuba Accord. The M&E Plan includes a
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specific focus of two principal Chinook salmon runs known to use the lower Yuba River
(e.g., spring- and fall-run Chinook salmon); in addition to steelhead trout and late fallrun Chinook salmon.

The M&E Framework uses the VSP concept, developed by

McElhany et al. (2000) and associated parameters of abundance, productivity, diversity,
and spatial structure to assess the viability of the Chinook salmon runs and steelhead
trout in the lower Yuba River. Performance indicators and associated analytics were
developed for each parameter to assess the Chinook salmon runs and steelhead trout on
an annual and multi-year basis.
The RMT is conducting a suite of studies through 2016 to obtain data needed for the
M&E Plan to include redd surveys. Goals of the redd surveys conducted in the lower
Yuba River include: (1) evaluate and compare the spatial and temporal distribution of
redds and redd superimposition over the spawning seasons for the Chinook salmon and
steelhead trout spawning in the lower Yuba River;, (2) compare the magnitude (and
seasonal trends) of lower Yuba River flows and water temperatures with the spatial and
temporal distribution of redds (and rates of redd superimposition) for the Chinook
salmon runs and steelhead trout;, (3) estimate the total annual abundance of Chinook
salmon and steelhead trout in conjunction with angler surveys and Vaki Riverwatcher
data;, and (4) establish a long-term data set to be used to evaluate habitat utilization by
Chinook salmon and steelhead trout in the lower Yuba River under different biotic and
abiotic conditions.
Salmonid redd surveys have been utilized by state, federal, and non-governmental
organizations for more than fifty years as a method for examining habitat usage and
estimate abundance (Courbois et al. 2008, Kucera and Orme 2007). Numerous redd
sampling strategies exist, each with a unique set of strengths and weaknesses. Redd
sampling strategies include index area surveys, single or multi-pass extensive area
surveys, and aerial redd surveys. Determining which strategy is optimal for a given
application and watershed is important, because it affects the power of the results and
project costs (Courbois et al. 2008).
Before implementing a long-term annual redd survey for the lower Yuba River, the RMT
developed a pilot redd study to evaluate which redd survey methods would be best for
providing the data necessary to address the M&E goals. Three different redd survey
methods; extensive-area single pass, index area, and aerial redd surveys were used to
obtain the data necessary to answer feasibility questions that would assist with
development of the most robust and cost effective approach for the long-term redd
surveys. Testing the utility of aerial photography and ground surveys was important
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for establishing a long-term redd monitoring methods to examine salmonid spawning in
the lower Yuba River. As compared to aerial or boating surveys, ground-based redd
surveys may more accurately identify redds (Kucera and Orme 2007). In light of the
extent and diversity of habitat on the lower Yuba River, as well as uncertainties on the
efficacy of aerial redd surveys, this pilot study incorporated both aerial and ground
based components. This approach was used help to determine the effectiveness of aerial
photographic surveys in identifying Chinook spawning.

Index area surveys were

utilized to examine whether superimposition can be tracked, collect data on redd
attributes, and determining a suitable sampling frequency.
Efficacy questions for the pilot redd survey were:
1. What is the maximum water depth that redds can be observed in the lower Yuba
River?
2. Can survey-grade GPS Trimble units be used to: (1) accurately record the location of
redds;, (2) accurately measure redd area;, (3) measure redd superimposition;, and (4)
track redd superimposition over time?
3. How many days are newly constructed redds visible?
4. What is the probability to detect redds?
5. Are redd counts different between the extensive-area redd survey and aerial redd
survey for the lower Yuba River, and within the different survey reaches of the lower
Yuba River?
6. How many resources (i.e., time, personnel, and equipment) are needed to effectively
survey the lower Yuba River from the Narrows Pool to Simpson Lane Bridge using
kayaks?
7. What is the most adequate sampling frequency (i.e., how many times during the year
do the lower Yuba River reaches need to be monitored for newly built Chinook salmon
and steelhead redds) for conducting a long-term extensive-area redd survey?
8. What is the most adequate sampling frequency for obtaining redd area
measurements representative of the spawning Chinook salmon population?
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Field Methods
Survey Period - For each of the target species (i.e., Chinook salmon and steelhead trout)
and Chinook salmon runs (i.e., spring-, fall-, and late-fall run), redd surveys were
conducted from the beginning of the spawning season (mid-August) through the end of
the spawning season (late April). Spawning periods in the lower Yuba River for target
species and Chinook salmon runs are listed below.





Spring-run Chinook Salmon – Mid August to Mid October
Fall-run Chinook Salmon – Early October to Mid January
Late fall-run Chinook Salmon – Early January to late April
Steelhead trout – Early January to late April

Index-Area Redd Surveys
Survey Location – The index-area redd survey was conducted in a 100-meter reach of the
lower Yuba River.

The index-area survey reach was located approximately four-

hundred meters downstream of the Narrows pool on the lower Yuba River.

The site

location was selected as a known locations of heavy Chinook salmon spawning, since
one of the goals of the index-area survey was to track salmonid redd construction and
redd superimposition.
Sampling Frequency – Surveys were conducted every two to three days during periods of
heavy Chinook spawning. At the request of the RMT planning group, the survey
schedule decreased as spawning intensity slowed.
 August 1st – 31st: Site visits to establish and flag off index area site locations and

document any initiation of salmon spawning behavior.
 September 1st – April 30th: Conduct intensive ground surveys on Mondays and

Fridays of each week.
 December 1st – Survey schedule changed from every three days to every seven

days
 December 15th – Survey schedule changed from every seven days to every

fourteen days
Data Collection Methods – The index-area survey was conducted by a survey crew
consisting of two personnel. For each index-area redd survey, all newly constructed
redds were marked using a Global Positioning System (GPS) unit (Trimble GeoExplorer
XT) with sub-foot accuracy. Prior to conducting the survey, the following data was
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recorded on daily datasheets: 1) surveyors’ initials; 2) survey section; 3) weather; 4)
stream flow (cfs); and 5) turbidity (NTU). Turbidity was measured using a portable
turbidity meter (Hach, Model 2100P), and a representative sample of water was
collected at the top of the survey section at the beginning of the day.
For each observed newly constructed redd, surveyors collected the following data for
each redd: 1) dimension measurements according to Figures 1 and 2 and Table 1, and a
measurement of the depth at the head and center of the redd (cm); 2)
dominant/subdominant substrate composition (Table 2); 3) physical location in river
(i.e., side channel or main channel); 4) potential for superimposition (i.e., does the redd
appear to have been constructed on top of the neighboring redds); 5) number of fish
present on redd; 6) redd appearance (e.g., presence of a clear pot, intense scouring of
gravel, absence of silt and algae covering the redd site); and 7) any other comments.
Data collected for each redd were recorded on datasheets. To prevent individual redds
from being double-counted, redds in shallower areas were marked using painted stakes,
and deep redds were marked with a painted rock. For each survey day, all newly
constructed redds encountered were given a unique identifying number (i.e., date plus
redd number; e.g., 082908-001).

Figure 1. Illustration of steelhead trout redd measurements (PL = pot length; PW = pot width; TSL = tailspill length; TSW2 and TSW1 = tail-spill widths,), as presented in Hannon and Deason (2005).
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Figure 2. Measurements for unusually shaped redds (PL = pot length, PW = pot width, TSL = tail-spill
length, TSL1 and TSL2 = tail-spill widths). Illustration reproduced from Gallagher et al. 2007.

Table 1. Description of redd dimension measurements displayed on Figures 1 and 2.

Pot Length (PL)

Total length of the pot parallel to the stream flow, and should be
measured in meters (to the nearest cm) from the top to bottom
edge. When the pot is irregularly shaped, estimate the total
length as accurately as possible.

Pot Width (PW)

Maximum width of the pot perpendicular to the stream flow or
pot length in meters (to the nearest cm). When the pot is
irregularly shaped, estimate the total length as accurately as
possible.

Tail Spill Length

Total length of the tail spill parallel to the stream flow (in meters

(TSL)

to the nearest cm). Measurements will be taken from the top
edge (i.e., downstream edge of the pot) to bottom edge of the tail
spill.

Tail Spill Width 1

Maximum width of the tail spill perpendicular to the stream flow

(TSW1)

or pot length (in meters to the nearest cm). Measurements will

Page | 6

be taken from one edge to the other, about one-third of the
distance downstream from the top edge of the tail spill
Tail Spill Width 2

Maximum width of the tail spill perpendicular to the stream flow

(TSW2)

or pot length (in meters to the nearest cm). Measurements will
be taken from one edge to the other, about two-thirds of the
distance downstream from the top edge of the tail spill.

Table 2. Substrate type and size with associated classification number for describing substrate
composition of each redd in the lower Yuba River.

Substrate Type

Predominant Substrate Size Classification #

Fine Gravel - Sand

< 1 inches:

1

Gravel

1 to 2 inches:

2

Small Cobble

2 to 4 inches:

3

Medium Cobble

4 to 6 inches:

4

Large Cobble

> 6 inches:

5

Extensive-Area Redd Surveys
Survey Location – The extensive-area redd surveys were conducted over the entire length
of the Yuba River by kayak. The section of river that extends from Englebright Dam to
the Narrows pool riffle (approximately 3.2 kilometers) was not surveyed due to difficult
terrain and safety issues. Additionally, the section of river from the mouth of the lower
Yuba River to the Simpson Lane Bridge was not surveyed as this is considered a
migratory pathway (Bratovich et al. 2005) with little suitable spawning habitat.
Sampling Frequency – The extensive-area redd surveys were conducted once a month
during the first week of each month. This survey design was selected as a means of
surveying during the peak spawning periods of spring, fall, and late-fall runs of
Chinook salmon and steelhead trout.
 First full week of October: Document Chinook spring-run spawning.
 First full week of November: Document Chinook fall-run spawning.
 First full week of December: Document Chinook fall-run spawning.
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 First full week of January: Document Steelhead trout and Chinook fall- and late

fall-run spawning.
 First full week of February: Document Steelhead trout and Chinook late fall-run

spawning.
 First full week of March: Document Steelhead trout and Chinook late fall-run

spawning.
 First full week of April: Document Steelhead trout and Chinook late fall-run

spawning.
Data Collection Methods – A crew of two personnel, each with a kayak, surveyed the river
working downstream. One surveyor surveyed the left-side of the river and the other
surveyor surveyed the right-side of the river. Side channels in the survey area were
walked.
Prior to conducting a survey, the following data were recorded on datasheets: 1)
surveyors’ initials; 2) survey section; 3) weather; 4) stream flow (cfs); and 5) turbidity
(NTU) on the data sheet. Turbidity was measured using a portable turbidity meter
(Hach Model 2100P). A representative sample of water was collected at the top of the
survey section. Real-time flow data recorded on datasheets was obtained from the Yuba
River Smartsville and Marysville gages through the California Department of Water
Resources’ (CDWR) online California Data Exchange Center (CDEC). The Smartsville
gage was used for flows upstream of DPD and the Marysville gage for flows
downstream of DPD.
During the survey for each redd observed, the following data was recorded: 1) a GPS
(Trimble GeoExplorer XT) location with a unique identifying number (i.e., date plus
redd number; e.g. 082908-001); 2) total dimensional area (using a GPS) for areas
appearing to contain multiple redds with no clear boundaries (i.e., possible redd
superimposition); 3)

habitat type (i.e., pool, riffle, run, or glide); 4) substrate

composition based on size (Table 2); 5) number of fish observed on the redd; 6) redd
species identification; 7) location information (i.e., side channel or main channel), 8)
potential of redd superimposition (i.e. does the redd appear to have been constructed on
the top of neighboring redds); and 9) any other comments. The path each surveyor
surveyed down the river was recorded using the Garmin GPSMAP 60Cx GPS units to
ensure all sections of the river were surveyed.
Redds were identified to species (i.e., Chinook salmon or steelhead trout) based on the
physical dimensions of redds. A redd less than 5.1 feet long and less than 4.5 feet wide
was considered to be a steelhead trout redd. Redds larger than this length and width
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were considered to be Chinook salmon redds. These criteria were used to classify 129
Chinook salmon redds with 96% accuracy and 28 Steelhead redds with 53% accuracy
(USFWS 2008, see: Flow and habitat relationships for the spring and fall-run Chinook
salmon and steelhead/rainbow trout spawning in the Yuba River, USFWS 2008). The
length and width of any redd in question was examined and designated according to
this classification.
Differentiating between steelhead trout redds and Sacramento sucker (Catostomus
occidentallis) and pacific lamprey (Lampetra tridentata) redds is of concern because these
three species clean the gravel during spawning. Fortunately, suckers do not typically
spawn until late March and April, and are generally very visible during their spawning
period.
A typical steelhead trout redd is pictured in Figure 3. The redd much longer than wide,
and the tailings are evenly distributed downstream with the current. A classic lamprey
redd is shown in Figure 4. Lamprey redds generally have a neat and round appearance,
with a conical bowl. The most telling characteristic of a lamprey redd is the placement
of tailings upstream from the redd (Figure 5). Lamprey excavate their redds by sucking
onto the gravel and then depositing it outside the redd. Figure 6 shows a lamprey redd
with tailings from the redd placed perpendicular to the flow.

Figure 3. Steelhead trout redd (ODFW 1999).
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Figure 4. Lamprey redd (ODFW 1999).

Figure 5. Lamprey redd, note placement of
excavated rocks upstream and perpendicular to
flow (ODFW 1999).

Figure 6. Lamprey redd showing placement of
excavated debris to the side of the redd
(ODFW 1999).

Steelhead trout redds are generally easy to distinguish from Pacific lamprey redds
because steelhead usually create a noticeable pit and tail spill in the gravel during redd
construction. However, DeHaven (2002, as cited by DWR 2002) often found it difficult
to distinguish Pacific lamprey from steelhead trout nests.
To reduce the potential for redds to be ignored due to the inability of the survey crew to
positively identify them to species (i.e., Chinook salmon, steelhead trout, Pacific
lamprey, or Sacramento sucker), surveyors conferred with each other and must have
come to an agreement for the redd to be counted by species. This method may have
reduced the overall number of redds identified to species, but also provided a more
accurate estimate of the minimum number of spawning fish.
In addition, during the course of the steelhead trout redd survey period (January
through April), if Pacific lamprey were observed during nest construction, their
locations were recorded in the GPS database, and redd dimensions were measured to
see if the size differed between steelhead trout redds and lamprey nests.
Test methods to investigate redd detection probability – A redd detection probability test was
conducted to examine discrepancies between surveyors and to examine redd detection
probability during periods of heavy spawning activity. The test was a one-time blind
comparison of redd counts between two survey groups. This type of exercise can be
used as a training tool to help clarify discrepancies between surveyors in methodological
approach and in identifying redds by species. Additionally it can reveal the probability
of redds being detected within certain areas or habitat types in the river.
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The test was conducted on November 5, 2009 during the assumed peak fall-run Chinook
salmon spawning period. A 150 m section of the lower Yuba River was selected (Figure
7). The area was chosen based on the variety of habitat types (i.e., pool, riffle entrance,
and riffle) present and was considered representative of much of the habitat in the lower
Yuba River. Two survey crews independently surveyed this test section of the river
within two hours of each other using the standard protocols for the extensive-area
survey (see above).

Figure 7. Test survey section of the lower Yuba River used to examine redd detection probability.

Aerial Redd Surveys
Survey Location – The aerial redd survey covered the entire lower Yuba River, including
the section extending from Englebright Dam to the Narrows pool riffle.
Sampling Frequency – Aerial redd surveys were scheduled for one time per month during
the first week of the month from October through April. A ground-based survey was
conducted within 1 or 2 days of the flight. A ground-based survey was conducted to
examine the effectiveness of aerial photographic surveys in identifying Chinook salmon
redds and to examine observer interpretation of redd locations from the aerial
photographs
Data Collection Methods – Surveying by aircraft can efficiently cover large areas. All
sections of the lower Yuba River were surveyed within a single day. Aerial flights were
conducted only when weather was good and at midday. This was done to ensure sun
reflection glare was low and visibility was good. Aerial photograph surveys produce a
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photo based count of redds in the lower Yuba River. American Aerial Surveys from
Ione, California was contracted and conducted the aerial redd survey.

Data Quality Assurance and Data Management
A chain of custody and review process occurred for all data sheets and data entry.
Surveyors in the field reviewed data sheets to verify all data had been collected, and
they recorded their initials on all data sheets and placed them into a “data to be entered”
binder. Subsequently, personnel entered the data into a Microsoft Access database.
After data entry, data sheets were dated and initialed and placed into an “entered data”
binder. Following this, personnel completed a final review of the data entered into the
database against the data sheets for quality assurance/quality control purposes and
initialed and dated the bottom of the data sheet.
Although handheld GPS data recorders were used in the field, a paper copy of the data
was recorded in the field and used to check the GPS data for errors. In the event that
satellite reception was poor, datasheets provided a hard copy of data collected.

Results
Efficacy Questions
What is the maximum water depth that redds can be observed in the lower Yuba
River?
Substrate visibility with increasing water depth was measured until the cobble size was
no longer identifiable from the surface. Water turbidity measured at the index area redd
survey study site ranged from 0.76 NTU to 20.9 NTU (Figure 8). At a turbidity of 0.91
NTU (clear conditions), the maximum water depth for substrates to be clearly visible
was 3.4 m.
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Figure 8. Turbidity measurements (ntu) taken during each survey at the index area site on the lower
Yuba River from September 15, 2008 to April 27, 2009.

Can we use survey grade GPS Trimble units to accurately record the location of
redds?
Yes. The accuracy of the data collected with the handheld GPS units was examined by
determining the number and location of redds (GPS points) falling outside of the river’s
shoreline (GIS base layer file displaying the wetted channel of the lower Yuba at 760 cfs
and 850 cfs). Flows were close to 760 cfs and 850 cfs for the majority of the redd survey
(Figure 9), therefore this base layer likely represents the river throughout the redd
survey period. GIS analysis using all of the collected redd data revealed that only one
redd out of 1,507 redds fell outside of the wetted channel, indicating a high precision
and accuracy of the handheld GPS units.
Can we use survey grade GPS Trimble units to accurately measure redd
superimposition?
Yes. An ellipse buffer was created to display the shape and size of each redd using a
standard equation for an ellipse and the hand measurements recorded in the field. Only
three polygons were not completely contained within the wetted shoreline files. Flows
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were observed to be higher than 850 cfs during the redd survey period (Figure 9),
therefore these redds may have been developed in spawning habitat that was only
available during the higher flows.

Redd superimposition can be measured in a

repeatable fashion using these methods.
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Figure 9. Mean daily flow measured in cubic feet per second (CFS) at the lower Yuba River near
Smartville (CDEC station “YRS”, USGS station 11418000) and at lower Yuba River, Marysville gage
station (CDEC station “MRY”, USGS station 11421000

Can we use survey grade GPS Trimble units to accurately measure redd size?
No. Accuracy of the handheld GPS units was also examined by comparing the physical
hand measurements of each redd to their respective polygon representations recorded
by the GPS units. A Military Analyst GIS extension was added to the toolbox in ArcMap
that used latitude and longitude values taken for all redds to develop polygon
centerpoint and GPS point shapefiles. Redd shapes measured using the GPS data
resulted in distorted representations of redd shapes (Figure 10). Likely, measurements
taken by hand were more accurate and therefore were used to generate an ellipse buffer
representing each redd (Figure 11). The ellipse buffer was calculated using the collected
measurements and the standard equation for an ellipse.
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Figure 10. Example of multi point polygons recorded by Trimble GPS units and plotted on a Google Map
of a section of the lower Yuba River, CA.

Figure 11. Salmonid redds based on calculating the shape of an ellipse with area measurements in a
reach of the lower Yuba River, CA.
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Can we use survey grade GPS Trimble units to accurately track redd superimposition
over time?
Yes. Index area redd survey data was used to examine how to quantify redd
superimposition with two different approaches. Both approaches used the ellipse buffer
(described above) to estimate the area of each individual redd. The first approach
examined the amount of redd superimposition by survey date (Figure 12). Overlapping
redds were identified for each survey date. Overlap of the redds was identified and
superimposition was calculated as the superimposition area divided by the original area
of the redd. Redd superimposition of adjacent redds within survey strata ranged from
1% to 54% (Table 3).

Figure 12. Diagram of the steps taken to estimate redd superimposition in the index area redd survey
study reach of the lower Yuba River, CA for each survey date.
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Table 3. Sample table describing redd area, superimposed redd area, number of superimposed redds,
and percent redd superimposition by survey date for the index area survey area in the lower Yuba
River, CA for surveys conducted between September 26 and November 10, 2008.

Survey Date

9/26/2008

9/29/2008

10/6/2008

10/13/2008

10/17/2008

10/21/2008
11/10/2008

Redd Superimposition Details
Original Redd Area Superimposed Area
%
Total Redds Observed # Superimposed Redds Superimposed Redd
(sq.ft.)
(sq.ft.)
Superimposition
092608 - 08
90.15
43.15
48%
092608 -11
79.55
43.15
54%
13
4
092608 - 13
122.73
15.79
13%
092608 - 12
118.69
15.79
13%
092908 - 01
104.55
4.11
4%
7
2
092908 - 02
133.51
4.11
3%
100608 - 13
68.18
30.89
45%
100608 - 14
96.30
7.75
8%
21
5
100608 - 15
101.86
7.75
8%
100608 - 17
87.54
9.69
11%
100608 - 19
57.58
21.20
37%
101308 - 02
46.06
5.07
11%
101308 - 03
79.55
2.02
3%
101308 - 04
31.99
2.02
6%
25
6
101308 - 23
61.53
14.41
23%
101308 - 24
32.83
14.41
44%
101308 - 26
12.12
5.07
42%
101708 - 05
38.89
0.39
1%
101708 - 04
22.98
0.39
2%
14
4
101708 - 03
48.32
4.21
9%
101708 - 17
13.64
4.21
31%
102108 - 08
32.83
3.68
11%
16
2
102108 - 09
27.78
3.68
13%
111008 - 04
44.87
11.30
25%
10
2
111008 - 05
37.38
11.30
30%

The second approach to quantify redd superimposition was to examine the overlap of
observed redds throughout the entire study period (i.e., September – April).

All

observed redds in the Index area were overlaid onto one GIS layer. Overlap of redds
were identified and the percent of redd superimposition for each redd that overlapped
with another redd was calculated using the same methods for approach one (Figure 12).
Using this approach, redd superimposition ranged from 0% to 100% (Figure 13 and 14).
This second approach for quantifying redds superimposition gives a better
representation of the amount of redd superimposition occurring over the entire survey
and spawning period in the lower Yuba River.
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Figure 13. Close-up image of redds, redd superimposition and percent of redd superimposition in the
index area redd survey site on the lower Yuba River, CA.

Figure 14. Index area redd survey site with all observed redds and color coded redd superimposition
(Yellow = lowest percentage and Red = highest percentage of redd superimposition).
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How many days are newly constructed redds visible?
Based on field observations during the fall of 2008 and spring of 2009, newly constructed
Chinook salmon redds area clearly distinguishable from the surrounding undisturbed
substrate for approximately two weeks. This is primarily due to the rate of growth of
periphyton on the newly disturbed substrates. Water velocity, amount of daylight, and
water temperature can affect redd life and surveyors ability to identify a redd
throughout in the lower Yuba River. Often the impression of the pot and tail-spill are
identifiable for much longer than the disturbed substrate itself. These features can
persist until high flows redistribute substrate.
What is the probability to detect redds?
A redd detection probability test was conducted on November 5, 2009 during the
assumed peak fall-run Chinook salmon spawning period. The number, location, and
species identification of redds were compared between the two independent survey
crews in a test reach to determine the probability to detect redds. Both crews surveyed
the same area within a few hours of each other. The comparison itself was based
primarily on a GIS based analysis of redds observed between two separate crews
(Figure 15). GIS analysis was used to identify redds that where mutually observed and
those that were missed by one or the other survey groups. The equation, Pdetected = P10 +
P01 - P10*P01, was used to calculate probability of a redd being detected by anyone.
Where Pdetected equals probability of a redd being detected by anyone, P10 equals the
difference in the number of redds unseen by surveyors and P01 equals the difference in
the number of redds observed.

Redd detection probability of surveyors from both

crews was similar. Both had relatively high (≥ 85%) redd detection probabilities (Table
4). This indicated that small differences between crews were present though overall
differences in redd counts were minimal.

This analysis resulted in a review of

methodological approach for survey crews as a means of eliminating discrepancies.
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Figure 15. Test reach (top photo) for examining the probability to detect redds using two independent
survey teams redd counts (GIS representation of redds mark by survey team 1 and survey team 2,
where individual redds are indicated by an X and conglomerated redds are outlined) in the lower Yuba
River, CA on November.
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Table 4. Redd counts by two independent survey teams in a test reach of the lower Yuba River, CA
used to estimate the probability to detect redds.
1) Compute X10 ( Number of redds observed only by observers in Group A)

4

2) Compute X01 ( Number of redds observed only by observers in Group B)

3

3) Compute X11 ( Number of redds observed by both observers in Group A and B)

19

4) Count the number of all redds observed by observers in Group A (NA)

23

5) Count the number of all redds observed by observers in Group B (NB)

22

6) Compute the Estimated Probability of Detection by Group A as P(A) = NA / (X10 + X01 + X11)

0.88462

7) Compute the Estimated Probability of Detection by Group B as P(B) = NB / (X10 + X01 + X11)

0.84615

Group A (Team 1) Redd
True Detection Probability

88.5%

Group B (Team 2) Redd
True Detection Probability

84.6%

Are redd counts different between the extensive-area redd survey and aerial redd
survey for the lower Yuba River, and within the different survey reaches of the lower
Yuba River?
Yes.

An aerial redd survey and extensive area (kayak based) redd survey was

completed on October 5-9, 2008. Observed redds for the extensive area survey were
enumerated and summed per survey reach. For the aerial redd survey, redds in each
survey reach were enumerated and summed independently by two readers using the
aerial photographs.
The total number of redds observed during the aerial redd survey were compared to the
total number of redds observed during the extensive-area redd survey. Total redd
counts for each survey reach and by survey type were plotted with standard error of the
mean redd count (Figure 16). Total redd counts for all survey reaches were higher from
the extensive-area redd survey than the aerial redd survey (Figure 16).
The RMT ceased aerial flight surveys following the results of this study that indicated
ground surveys exhibited higher accuracy to identify redds.
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Figure 16. October 5-9 Redd survey comparison of mean photo redd counts to extensive area survey
redd counts in Reach 1 (Narrows Pool to HWY 20 Bridge), Reach 2 (Hwy 20 Bridge to Daguerre Point
Dam (DPD)), and Reach 3 (DPD to confluence of lower Yuba River and Feather River) of the lower Yuba
River, CA.

How many resources (i.e., time, people, and equipment) are needed to effectively
survey the lower Yuba River from the Narrows Pool to Simpson Lane Bridge using
kayaks?
The number of resources needed to conduct an extensive area redds survey varied over
time due to the amount of spawning activity. From the end of August to mid-September
(3 weeks), at least three crews (two people per crew) are needed each week to survey
from Narrows Pool to Simpson Lane Bridge.

From mid-September to the end of

November (11 weeks) at least six crews are needed each week, and from December to
the end of April (22 weeks), four crews are needed per week. During the period of the
highest spawning activity, the crew needs at least four kayaks. Each crew needs one
GPS unit. Therefore, at least two GPS units are needed for periods when two crews are
surveying a survey reach.
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What is the most adequate sampling frequency (i.e., how many times during the year
do the three lower Yuba River reaches need to be monitored for newly built Chinook
salmon and steelhead trout redds) for conducting a long-term redd survey?
A simulation approach was used to evaluate the potential effects of performing redd
surveys every week, two weeks, three weeks and four weeks (i.e., monthly surveys)
within a sampling season extending from August 1 through May 1 have on the estimates
of Chinook salmon spawning abundance (i.e., total number of redds built within the
sampling season) and timing of spawning (i.e., dates at which particular percentages of
the cumulative distribution of all newly-built redds are achieved), as well as the
likelihood of evaluating the correct number of spawning groups or runs present (See
Attachment 1).
A simulation approach was chosen to achieve the objective of this study because no
direct comparison of the data obtained by the high sampling frequency surveys (i.e.,
Index-Area redd surveys) and low sampling frequency surveys (i.e., monthly extensivearea survey) performed during the 2008-2009 Pilot Survey was possible. Although the
Index-Area surveys provided rich data to allow for reasonable Chinook salmon
spawning abundance and timing estimates, they were performed in a very restricted
area. Moreover, the monthly surveys extended over the three Yuba River study reaches,
but provided a limited amount of data.
Results of the simulation included:
The sampling frequency of the redd surveys affects the estimated total number of
redds built within the sampling season (i.e., a measure of spawning abundance)
The sampling frequency of the redd surveys affects the estimates of timing of
spawning (i.e., dates at which particular percentages of the cumulative distribution
of all newly-built redds are achieved)
The sampling frequency of the redd surveys affects the likelihood of evaluating the
correct number of spawning groups or runs present during the survey season
Redd surveys performed with a weekly sampling frequency provides the most
precise and accurate (least biased) estimates of total redd abundance and timing of
redd construction, as well as the likelihood of detecting modalities in the temporal
distribution of redd counts that could lead to the identification of distinct spawning
groups or runs present during the sampling season
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Redd surveys performed with a bi-weekly sampling frequency provides the second
most precise and accurate estimates of total redd abundance and timing of redd
construction, but also provides relatively wide confidence intervals compared to the
weekly sampling frequency. The bi-weekly sampling frequency also allows for the
detection of modalities in the temporal distribution of redd counts that could lead to
the identification of distinct spawning groups or runs present during the sampling
season
Redd surveys performed with a tri-weekly sampling frequency provides estimates of
total redd abundance and timing of redd construction that are less precise and
accurate than those produced by redd surveys with a weekly or bi-weekly sampling
frequency, and may result in difficulties in detecting modalities in the temporal
distribution of redd counts that could be used in the identification of distinct
spawning groups or runs present during the sampling season
Redd surveys performed with a monthly sampling frequency provides the least
precise and accurate (most biased) estimates of total redd abundance and timing of
redd construction, much wider confidence intervals, and a reduced likelihood of
detecting modalities in the temporal distribution of redd counts that could lead to
the identification of distinct spawning groups or runs present during the sampling
season
The following are recommendations based on the results and conclusions of this
evaluation and the need to identify an adequate sampling frequency for the long-term
extensive-area redd survey to be performed in the lower Yuba River:
The long-term extensive-area redd survey should be performed with a weekly
sampling frequency, at least from the start of the sampling season through December
31 (which represents the majority of spawning activity), to provide enough sampling
events during the season of most intense Chinook salmon spawning activity to
facilitate the gathering of unbiased estimates of total redd abundance and timing of
redd construction, and to enhance the probability of differentiating spring-run and
fall-run spawning activity
The start date of the long-term extensive-area redd surveys should occur between
August 1 and early September to guarantee that the initiation of the spawning
activity is adequately sampled
A bi-weekly sampling frequency, if used at all (as a cost-efficiency measure) during
the long-term extensive-area redd survey, should be employed during the last
portion of the survey season (i.e., January 1 through May 1) when Chinook salmon
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spawning activity has declined and most of the spawning still occurring is probably
associated with late fall-run Chinook salmon
Tri-weekly and monthly sampling frequency strategies are not recommended for
Yuba River long-term extensive-area redd surveys
What is the most adequate sampling frequency for obtaining redd area measurements
representative of the spawning Chinook salmon population?
The following are results from an analysis conducted in Attachment 2. Redd area
measurements are needed to examine redd superimposition throughout the lower Yuba
River for Chinook salmon and steelhead trout. Evaluation of Chinook salmon redd areas
(m2) calculated for the 2008-2009 index area indicated that redd area significantly
differed (r2 = 0.24, P < 0.01) during the majority of the spawning activity (mid-September
through December). Therefore, a sampling design specifically addressing redd area
estimation is necessary for the extensive area redd surveys.
During the 2008-2009 pilot extensive area redd survey, a total of 1,257 Chinook salmon
redds were observed in the lower Yuba River. However, it is recognized that this is a
minimum number of redds due to the relatively infrequent sampling (i.e., monthly) and
duration of fresh redd visibility. Therefore, for sample size considerations, it is assumed
that up to 2,000 Chinook salmon redds could be potentially observed during each
annual redd survey season. Given the variance of redd area measured at 169 Chinook
salmon redds in the index area during the 2008-2009 pilot survey season, an estimated
111 redds would need to be measured in order to estimate redd size within 10% of the
calculated average redd area. Therefore, assuming a similar variance structure in the
future and further assuming a potential total of 2,000 Chinook salmon redds constructed
annually, an estimated 5.6% of the total number of redds would need to be measured to
obtain an estimate of the average redd area with a precision of 10%, resulting kth
sampling unit of 17.8.

Consequently, rounding downwards in order to avoid

establishing a sample size resulting in an anticipated less precise estimate, the k th
sampling unit will be 17. In other words, 1 out of every 17 redds observed in the lower
Yuba River during the extensive area redd survey will be measured to estimate redd
area.
A systematic sampling design will be used to collect redd area measurement data
during the extensive area redd survey, where every 17th sampling unit (redd) will be
included in the sample for redd area measurements. Systematic sampling is often used
for ease of execution and convenience (Hansen et al. 2006). In addition, systematic
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samples are usually spread more evenly over the population, so population attributes
can be estimated more precisely than simple random sampling (Hansen et al. 2006).

Discussion
Pilot study results showed the status and relative spatial and temporal distribution of
spawning Chinook salmon and steelhead trout in the lower Yuba River. Peak Chinook
salmon spawning was observed in October, and spawning decreased with time.
Addressing the goals of the M&E Plan is not possible with data collected from an indexarea redd survey; however, addressing the goals is possible with data collected from an
extensive area redd survey. With an extensive area redd survey, most reaches of the
lower Yuba River can be surveyed. From the pilot extensive area redd survey, we
determined the amount of resources required to survey from the bottom of Narrows
Pool to the Simpson Lane Bridge.

Based on the simulation results and field

observations, the survey will be conducted weekly.
Quantifying and measuring redd superimposition is essential for addressing the goals of
the M&E Plan. Data obtained from the pilot redd survey show that hand measurements
of the redds are more accurate than ArcMap analyses using GPS points. An approach
was developed to quantify the amount of redd superimposition over the entire survey
period. Redd superimposition was calculated as the percentage of the area of a redd
overlapped by another redd. Measuring the area of all redds is not practical, therefore a
sample must be chosen that represents all redds in the lower Yuba River. Using the pilot
index-area survey data and a simulation approach, a systematic sampling design of
every 17th redd would provide data that represents the variability in sizes for all redds.
A polygon buffer of the average redd size, or other size, could be overlaid onto redds
not measured for redd area to quantify redd superimposition for all redds.
Through the pilot study, we were able to examine the feasibility of conducting an
extensive redd survey for the lower Yuba River and have identified the amount of
resources (i.e., time, personnel, and equipment) needed to complete a weekly survey in
the three reaches from the bottom of Narrows Pool to the Simpson Lane Bridge.
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ATTACHMENT 1
Assessment of the Influence of Redd Survey Sampling Frequency on the
Estimation of Redd Abundance and Timing of Redd Construction
Redd surveys are an important component of the Lower Yuba River Accord M&E Program. They
will provide the data for one method to evaluate the abundance of Chinook salmon and
steelhead spawning in the lower Yuba River (M&E Sections 3.1.2.2, 3.1.2.3, 3.1.2.5, 3.1.3.4,
3.1.3.5) and the timing of spawning (M&E Sections 3.1.2.8, 3.1.3.3, 3.3.2.6, 3.3.3.1), as well as to
determine the presence and timing of distinct Chinook salmon runs spawning in the river (M&E
Sections 3.1.2.1, 3.1.2.7).
The evaluation of the data obtained during the 2008-2009 Pilot Yuba River Chinook Salmon and
Steelhead Redd Survey (hereinafter referred as the Pilot Survey) by aerial and ground-based
surveys indicated that the ground-based redd surveys were the most cost effective survey to be
implemented as long-term extensive-area redd surveys. However, the most adequate sampling
frequency for the long-term extensive-area survey still remains to be identified. The survey
sampling frequency (i.e., how many times during the year the three lower Yuba River reaches
will be monitored for newly built Chinook salmon and steelhead redds) will affect the accuracy
and precision of any estimate of overall abundance, the spatial and temporal distribution of
spawning, and the likelihood of separating Chinook salmon runs. Surveys with high sampling
frequency (e.g., surveys performed every week within the year) will increase the accuracy and
precision of the derived abundance and timing estimates, and enhance the likelihood of
separating Chinook salmon runs, as opposed to low sampling frequency surveys (e.g., surveys
performed every month within the year). On the other hand, high sampling frequency surveys
require larger field crews than low sampling frequency surveys, resulting in higher cost.
The objective of this study is to evaluate the potential effects that redd surveys performed every
week, two weeks, three weeks and four weeks (i.e., monthly surveys) within a sampling season
extending from August 1 through May 1 have in the estimates of Chinook salmon spawning
abundance (i.e., total number of redds built within the sampling season) and timing of spawning
(i.e., dates at which particular percentages of the cumulative distribution of all newly-built redds
are achieved), as well as the likelihood of evaluating the correct number of spawning groups or
runs present.
A simulation approach was chosen to achieve the objective of this study because no direct
comparison of the data obtained by the high sampling frequency surveys (i.e., Index-Area redd
surveys) and low sampling frequency surveys (i.e., monthly extensive-area survey) performed
during the 2008-2009 Pilot Survey was possible. Although the Index-Area surveys provided rich
data to allow for reasonable Chinook salmon spawning abundance and timing estimates, they
were performed in a very restricted area. On the other hand, the monthly surveys extended
over the three Yuba River study reaches, but provided a limited amount of data.
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1. Method
1.1

General Approach

The simulation approach chosen to address the objective of this study consists of several steps.
First, the rich data collected in the Index-Area redd surveys of the 2008-2009 Pilot Redd Survey
were used to fit a statistical model that provided the population and sampling parameters of the
assumed “true” redd distribution for the August 1 - May 1 sampling season (Section 1.2).
Second, 100 schedules of sampling dates per sampling frequency category (i.e., weekly, biweekly, tri-weekly and monthly) were randomly selected within the sampling season (Section
1.3). Third, the number of counted redds per sampling date for each of the 100 randomly
selected schedules was simulated from the fitted statistical model (Section 1.4). Next, the
model population parameters were estimated again from each set of the 100 sets of weekly, biweekly, tri-weekly and monthly simulated redd counts (Section 1.5), and the new model
population parameter estimates were used to evaluate redd abundance and spawning timing
for the four sets of 100 simulated redd data.

1.2

Statistical Model and Assumptions

The statistical model predicts the number of Chinook salmon redds counted at any given
sampled date j ( Cˆ j ) of the Index-Area redd survey. The sampling date j is an integer number
running from 1 (August 1) to 274 (May 1). There were a total of N = 34 sampling dates j actually
sampled during the Index-Area redd survey, and they were spaced every other 2 or 3 days from
September 15 through December 1, every week until December 15, and every two weeks
afterwards.
The predicted number of redds counted at any given sampled date is defined by the following
equation:

Cˆ j

i 12

qˆ

ˆj
j i

where

3

i

YˆR , j

1

YˆR , j

Cˆ j

1

R 1

q̂ is a constant with value between 0 and 1 that indicates the counting efficiency. The

subscript i is an integer number running from 1 (August 1) to 274 (May 1), and the subscript R
indicates the run or spawning group to which the redd count belongs. Initial inspection of the
temporal distribution of the redd counts during the 2008-2009 Index-Area redd survey
suggested the presence of at least 3 runs or spawning groups, one centered around October 15
(probably mostly associated with spring-run Chinook salmon mixed with some fall-run Chinook
salmon), a second group centered around mid November (probably mostly fall-run Chinook
salmon), and a third group dispersed from late December through March (initially identified as
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(1)

late fall-run Chinook salmon). The values

YˆR , j and YˆR, j

1 are

the cumulative number of redds

belonging to run or spawning group R built through days j and j+1 as described by the following
logistic equation:

YˆR , j

where

Kˆ ˆR
ˆ

1 exp ˆ R

(2)

j

R

K̂ is the asymptotic total number of redds (a measure of redd abundance), ˆ R

and

ˆ

R

are the logistic intercept and slope associated to the logistic curve of the run or spawning group
R. Finally,

ˆ

R is

the proportion of the asymptotic total number of redds that corresponds to the
3

run or spawning group R, subject to the constraint

ˆ

R

1.

R 1

The model assumes that a certain fraction of redds built in days prior to sampling day j will still
remain distinguishable for counting as a fresh redd during sampling day j. In equation (1) this
fraction, hereinafter called “distinguishability”, is indicated by

ˆi

and was modeled as:

ˆ

1 exp
1 exp

ˆi

ˆ

(3)

i

for i = {0, 1, 2 … 12}.
The model described in equations (1) through (3) has a total of 11 parameters to be estimated
for a sample size N = 34. Of these 11 parameters, 9 are population parameters (i.e.,

ˆ for R =1, 2 and 3, and ˆ for R =1 and 2) and 2 are sampling parameters (i.e., q̂ and
R
R

and

ˆ

K̂ , ˆ R

).

The 11 parameters of the model were estimated by minimizing the residual sum of squares RSS
for the N = 34 days sampled during the 2008-2009 Index-Area redd survey:
34

d 1

Page | 30

Cˆ d

2

Cd

,

where Cˆ d are the redd counts predicted by the model and C d are the redds counted in any of
the 34 sampled days (d). The minimization of RSS was achieved using Excel
Solver.

function add-in

In fitting the statistical model, described above, the following assumptions were made:
Chinook salmon redds were identified without error.
Individual newly built redds were counted only once during the whole extent of the
survey season (August 1 –May 1).
The timing of redd construction is described by a logistic distribution of time.
There were three spawning groups or runs present during the survey season, each with
distinct timings described as logistic functions.
For a given sampling day a certain fraction of the redds built in days prior to the
sampling day still remain distinguishable to be counted as newly built during the
particular sampling day.
The “distinguishability” of newly built redds follows an exponential decay from 1 during
the day of construction to 0, 12 days after redd construction.

1.3

Selection of Sampling Dates

A set of 100 schedules of sampling dates was randomly chosen per sampling frequency category
(i.e., weekly, bi-weekly, tri-weekly and monthly). A total of 100 initial sampling dates was chosen
by randomly selecting an integer number between 1 (corresponding to August 1) and 46
(corresponding to September 15) to guarantee that the initial portion of the spawning
distribution will be sampled.
Once the 100 initial sampling dates were selected, the remaining dates of the sampling
schedules corresponding to the weekly, bi-weekly, tri-weekly and monthly sampling frequency
categories were determined by selecting every 7th, 14th, 21st and 28th day from the initial
sampling date.
The resulting 100 schedules consisted of 33 to 44 sampling dates for the weekly sampling
frequency category, 17 to 20 sampling dates for the bi-weekly sampling frequency category, 11
to 14 sampling dates for the tri-weekly sampling frequency category, and only 9 to 10 sampling
dates for the monthly sampling frequency category.

1.4

Redd Counts Simulation

Page | 31

Once the four 100 sampling schedules have been determined, the number of redd counts for
each selected date j in the schedules was randomly selected assuming Binomial distributions
with number of trials N equal to the rounded value
(Section 1.2) and probability p equal to

1.5

Cˆ j qˆ

predicted by the fitted model

q̂ .

Fitting of Simulated Data

Once four 100 simulated data sets of redd counts have been generated, the statistical model
(Section 1.2) was fitted to each simulated data set to estimate new population parameters (i.e.,

K̂ , ˆ R
(i.e.,

and

ˆ for R =1, 2 and 3, and ˆ for R =1 and 2) and leaving the sampling parameters
R
R

q̂ and ˆ

) fixed at the values estimated with the Index-Area redd survey data. The new

sets of population parameter estimates were saved to evaluate the effects of the survey
sampling frequency on the abundance and timing estimates and on the likelihood of evaluating
the correct number of spawning groups or runs present.

1.6

Summarizing of Results

The 400 sets of 9 newly estimated population parameters were used to calculate cumulative
distributions of newly built Chinook salmon redds relative to all Chinook salmon redds (those
belonging to all the runs or spawning groups) built from August 1 through May 1. These
cumulative distributions are used to evaluate timing of redd construction and compare with the
“true” cumulative distribution (i.e., the cumulative distribution that resulted from the fit of the
statistical model to the Index-Area redd survey data and was used to originate the 400 sets of
simulated redd data).
Effects on redd abundance estimates will be obtained by comparing the 400 new estimates of K
with the original value

K̂ .

The timing and abundance estimates from each of the 100 sets of 9 newly estimated population
parameters were summarized per sampling frequency category in terms of the averages and
95% confidence intervals of the 100 estimated abundances, and the 100 estimated times (dates)
associated with the 1%, 10%, 25%, 50%, 75%, 90% and 99% of each estimated cumulative
distribution of newly built redds. Additionally, the bias (i.e., B = (Average – True Value)/True
Value) in the estimates of timing and abundance per sampling frequency category also was
calculated.

2. Results
2.1.

Model Fit
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Figure 1 displays the model fitted to the 2008-2009 Index-Area redd survey data by comparing
the redd counts predicted by the fitted model and the redds actually counted in the 34 sampled
days of the 2008-2009 Index-Area redd survey. The fitted model explained 83% of the data
variability (i.e., R2 = 0.83). MSE, the mean square error of the fit was 3.2 (i.e.,

MSE

RSS N

p

241.2 34 11 ).

The fitted model predicted the daily distribution of newly built redds for 3 runs or spawning
groups (Figure 2). The predicted peak for run 1 (probably mostly associated with spring-run
Chinook salmon mixed with some fall-run Chinook salmon) was October 10, and that for run 2
(probably mostly fall-run Chinook salmon) was November 10. The predicted peak for the third
run (assumed to be associated to the spawning of late fall-run Chinook salmon) was January 15.
The three curves depicted in Figure 2 arise from the following fitted logistic equations:

Yˆ1, j
Yˆ2, j
Yˆ3, j

599 0.63

1 exp 12.066 0.168 j
599 0.13

1 exp 22.491 0.220 j
599 0.24

1 exp 13.090 0.076 j

for run 1

(4)

for run 2

(5)

for run 3

(6)

where K̂ 599 is the asymptotic total number of redds (i.e., measure of total redd
abundance).
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Figure 1. Comparison of the number of Chinook salmon redds counted during the Index-Area survey
performed as part of the 2008-2009 Yuba River Pilot Redd Survey and the number of redds and number
2
of redd counts predicted by the fitted statistical model for the 34 sampling days of the survey. R
indicates the coefficient of determination, and MSE is the mean square error of the fit.
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Figure 2. Predicted temporal distribution of newly built Chinook salmon redds during the season
extending from August 1 through May 1, obtained from redds observed during the 2008-2009 IndexArea Pilot Redd Survey. The colored lines display the temporal distributions for the three runs assumed
in the model.

The sum of the three logistic relationships expressed by equations (4), (5) and (6) divided by

K̂

599 generates the relative cumulative distribution of newly built Chinook salmon redds

over the entire survey season (August 1 through May 1). This relative cumulative distribution,
depicted by the bold black line in Figure 3, was used to compute the true timing of redd
construction that was contrasted with the timings originated from the fit of the model to the
simulated data.
Figure 3 indicates that 25% of all Chinook salmon redds were constructed by October 8, 50% by
October 18 and 75% by November 20. Moreover, Figure 3 indicates that by November 20 most
of the redds built by runs 1 and 2 had been built.
In addition to values for the 9 population parameters that define equations (4), (5) and (6), the
fitted model provided values for two sampling parameters (i.e., the counting efficiency
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q̂ and

4/28

the parameter

ˆ

that defines the shape of the “redd-distinguishability” function). The

estimated counting efficiency was

q̂ 0.566 .

100%

Relative Cumulative Redd Frequency

Run 3
Run 2
Run 1

75%

50%

25%

0%
8/1

8/31

9/30

10/30

11/29

12/29

1/28

2/27

3/29

4/28

Date
Figure 3. Predicted cumulative distribution of newly built Chinook salmon redds relative to all Chinook
salmon redds built from August 1 through May 1, based on redds observed during the 2008-2009 IndexArea Pilot Redd Survey. The colored areas display the relative cumulative proportions of redds
belonging to any of the three runs assumed in the model in any given date.

Finally, the predicted function describing “redd-distinguishability” depicted in Figure 4 was:

ˆi

1 exp 1
1 exp 1 i

The predicted function depicts a rather sharp decrease in “redd-distinguishability” with only
16% of newly-built redds distinguishable by the third day after redd construction, and with
nearly 0% distinguishable 9 days after construction.
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Figure 4. Predicted distinguishability of newly-built redds as function of days after redd construction.

2.2.

Effect of Sampling Frequency on Redd Abundance

Table 1 compares the redd abundance estimates (i.e.,

K̂ ) resulting from fitting the statistical

model of Section 1.2 to the four sets of 100 simulated redd survey data with K̂ 599 , the
value obtained from fitting the model to the 2008-2009 Index-Area redd survey data that is
considered the “true” abundance.
The averages of the 100 redd abundance estimates from weekly and bi-weekly redd survey
sampling frequencies were somewhat smaller than the true value K̂ 599 . On average, both
sampling strategies produced negatively biased abundance estimates, with the abundance
estimates for the bi-weekly redd survey sampling frequencies being slightly more biased. The
averages of the 100 redd abundance estimates from tri-weekly and monthly redd survey
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sampling frequencies were larger than the true value K̂ 599 . On average, the abundance
estimates were positively biased with the relative bias increasing from 4% to almost 15% with
the decrease of the survey sampling frequency from tri-weekly to monthly. Additionally, the
width of the 95% confidence intervals of the 100 abundance estimates increased as the redd
survey sampling decreases from weekly to monthly.

Table 1. Comparison of total Chinook salmon redd abundances for the true redd distribution and those
estimated from simulated redd observations of 100 simulated annual redd surveys with weekly, biweekly, tri-weekly and monthly sampling frequencies.

True Redd
Abundance
(Redds)

Redd Survey
Sampling
Frequency

Redd Abundance Estimated from 100 simulations
Average Redd
Abundance
(Redds)

95% Confidence
Interval (Redds)

Relative Bias (%)

Weekly

596

(517 - 679)

-0.42%

Bi-Weekly

591

(494 - 682)

-1.24%

Tri-Weekly

624

(488 - 781)

4.19%

Monthly

686

(498 - 1021)

14.58%

599

2.3.

Effect of Sampling Frequency on Redd Timing

Figure 5 through Figure 8 display the average (red line) and 95% confidence intervals (orange
areas) of the 100 relative cumulative distributions generated from the simulated redd survey
data collected under the four sampling frequency strategies, together with the true relative
cumulative distribution (blue line). These figures help evaluate redd timing under each sampling
frequency strategy. For example, the date at which 75% of the true cumulative distribution of
redds has been built is found by reading the x-coordinate associated to the intersection of the
blue line with the 75% dotted line.

Similarly, for any of the 4 sampling frequency strategies, the average date associated with the
75% of the simulated cumulative distributions is the x-coordinate (date) that corresponds with
the intersection of the red line (the average of the 100 relative cumulative distributions
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generated from the simulated redd survey data) and the 75% dotted line. Moreover, the 95%
confidence interval of the date associated with the 75% of the simulated cumulative
distributions is determined by the x-coordinates of the points at the intersection of the 75%
dotted line and the upper and lower boundary of the orange area.

95% CI
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True Distribution

Relative Cumulative Redd Frequency
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50%

25%

0%
8/1

8/31

9/30

10/30

11/29

12/29

1/28

2/27

3/29

Date

Figure 5. True cumulative distribution of newly built Chinook salmon redds relative to all Chinook
salmon redds built from August 1 through May 1 (blue line) compared to distributions estimated from
simulated redd observations of 100 simulated annual redd surveys with weekly sampling frequencies.
The red line indicates the average distribution over the 100 simulations and the orange area demarks
the 95% confidence intervals.
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The comparison of Figures 5 through 8 shows that within any given sampling frequency strategy,
the width of the 95% confidence intervals of estimated timing for particular percentages of the
cumulative distributions generally increases as the percentage increases. Moreover, for the four
sampling frequency strategies, the width of the 95% confidence intervals of estimated timing
are larger for 65% through 90% of the respective cumulative distributions. These wider 95%
confidence intervals may be associated with the difficulties in estimating the right combination
of population parameters to define run 2. Additionally, the width of the 95% confidence
intervals of estimated timings increases as the survey sampling frequency decreases from
weekly to monthly.

In Figures 5 through 8, the distances separating the blue line of the “true” cumulative
distribution and the red line of the average distribution gives a measure of the average bias in
the redd timings calculated with the simulated cumulative distributions, when read on the xaxis.
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Figure 6. True cumulative distribution of newly built Chinook salmon redds relative to all Chinook
salmon redds built from August 1 through May 1 (blue line) compared to distributions estimated from
simulated redd observations of 100 simulated annual redd surveys with bi-weekly sampling
frequencies. The red line indicates the average distribution over the 100 simulations and the orange
area demarks the 95% confidence intervals.

The distances separating the blue and red lines (i.e., the timing bias) were almost undetectable
for the simulated distributions of the weekly and bi-weekly sampling frequency categories
(Figures 5 and 6, respectively). They became detectable for the tri-weekly sampling frequency
category (Figure 7) and very noticeable for the monthly sampling frequency category (Figure 8),
particularly for the redd timing associated with 60% to 75% of the simulated cumulative
distributions.
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Figure 7. True cumulative distribution of newly built Chinook salmon redds relative to all Chinook
salmon redds built from August 1 through May 1 (blue line) compared to distributions estimated from
simulated redd observations of 100 simulated annual redd surveys with tri-weekly sampling
frequencies. The red line indicates the average distribution over the 100 simulations and the orange
area demarks the 95% confidence intervals.
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Figure 8. True cumulative distribution of newly built Chinook salmon redds relative to all Chinook
salmon redds built from August 1 through May 1 (blue line) compared to distributions estimated from
simulated redd observations of 100 simulated annual redd surveys with monthly sampling frequencies.
The red line indicates the average distribution over the 100 simulations and the orange area demarks
the 95% confidence intervals.

Finally, Table 2 summarizes the comparison of the timings of Chinook salmon redd construction
associated with the 1%, 10%, 25%, 50%, 75%, 90% and 99% of the estimated cumulative
distributions under the four sampling frequency strategies. Relative bias exceeding 1% is
highlighted in Table 2.
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Table 2. Comparison of the timing of Chinook salmon redd construction (expressed as the date at
which a particular proportion of the cumulative redd distribution is observed) for the true redd
distribution and those estimated from simulated redd observations of 100 simulated annual redd
surveys with weekly, bi-weekly, tri-weekly and monthly sampling frequencies.
Redd
Cumulative
Proportion
1%
10%
25%
50%
75%
90%
99%
Redd
Cumulative
Proportion
1%
10%
25%
50%
75%
90%
99%

2.4.

True Date
9 / 16
9 / 30
10 / 8
10 / 18
11 / 20
1 / 23
3/1

True Date
9 / 16
9 / 30
10 / 8
10 / 18
11 / 20
1 / 23
3/1

Weekly Redd Survey Sampling Frequency
Average 95% Confidence Relative Bias
Date
Interval
(%)
9 / 16
9 / 11 - 9 / 22
0.8%
9 / 30
9 / 27 - 10 / 4
0.8%
10 / 7
10 / 5 - 10 / 10
-0.4%
10 / 18
10 / 14 - 10 / 22
0.2%
11 / 26
11 / 9 - 12 / 27
5.5%
1 / 22
1 / 13 - 1 / 31
-0.3%
2 / 27
2 / 11 - 3 / 13
-0.7%

Bi-weekly Redd Survey Sampling Frequency
Average 95% Confidence Relative Bias
Date
Interval
(%)
9 / 17
9 / 11 - 9 / 22
2.3%
9 / 30
9 / 28 - 10 / 4
1.3%
10 / 7
10 / 4 - 10 / 11
-0.3%
10 / 18
10 / 13 - 10 / 24
0.2%
11 / 28
11 / 5 - 1 / 2
7.5%
1 / 21
1/8-2/2
-0.8%
2 / 26
1 / 30 - 3 / 20
-1.0%

Tri-weekly Redd Survey Sampling Frequency
Average 95% Confidence Relative Bias
Date
Interval
(%)
9 / 17
9 / 8 - 9 / 24
2.8%
9 / 30
9 / 25 - 10 / 6
0.6%
10 / 7
10 / 2 - 10 / 11
-1.1%
10 / 18
10 / 13 - 10 / 31
1.2%
11 / 26
11 / 2 - 1 / 7
5.8%
1 / 22
1/7-2/3
-0.5%
2 / 25
1 / 28 - 3 / 19
-1.5%

Monthly Redd Survey Sampling Frequency
Average 95% Confidence Relative Bias
Date
Interval
(%)
9 / 14
8 / 24 - 9 / 29
-4.1%
10 / 1
9 / 20 - 10 / 11
2.6%
10 / 10
10 / 4 - 10 / 18
3.0%
10 / 20
10 / 12 - 10 / 31
2.8%
11 / 26
10 / 22 - 1 / 17
5.6%
1 / 19
11 / 29 - 2 / 9
-2.2%
2 / 26
1 / 23 - 4 / 15
-1.0%

Effect of Sampling Frequency on Run Identification

Although, even under the weekly sampling frequency strategy it was normally harder to
estimate the right combination of population parameters to define run 2, the three runs were
estimated for the 100 redd survey data simulated under the weekly and bi-weekly sampling
frequency strategies. The parameters defining run 2 could not be estimated 5 out of the 100
redd survey data sets simulated under the tri-weekly sampling frequency strategy. In other
words, under the tri-weekly sampling strategy, the parameters that define the daily redd
distributions of the three runs were estimated 95% of the time.

Only the population parameters defining two out of the three runs were estimated with the 100
redd survey data simulated under the monthly sampling frequency strategy. This is not
surprising, because defining the three runs assumed by the statistical model requires the
estimation of 9 population parameters, and the sample size of the survey N (the number of
sampling days during the survey season) must be greater than 10. As mentioned in Section 1.3,
the 100 schedules obtained for the monthly sampling frequency category consisted of only 9 to
10 sampling dates. Consequently, the population parameters for only two runs (run 1 and run
Page | 44

3) were estimated with the 100 redd survey simulated data, based on the monthly sampling
strategy.

3. Conclusions
This evaluation results in the following conclusions:
The sampling frequency of the redd surveys affects the estimated total number of redds
built within the sampling season (i.e., a measure of spawning abundance)
The sampling frequency of the redd surveys affects the estimates of timing of spawning (i.e.,
dates at which particular percentages of the cumulative distribution of all newly-built redds
are achieved)
The sampling frequency of the redd surveys affects the likelihood of evaluating the correct
number of spawning groups or runs present during the survey season
Redd surveys performed with a weekly sampling frequency provides the most precise and
accurate (least biased) estimates of total redd abundance and timing of redd construction,
as well as the likelihood of detecting modalities in the temporal distribution of redd counts
that could lead to the identification of distinct spawning groups or runs present during the
sampling season
Redd surveys performed with a bi-weekly sampling frequency provides the second most
precise and accurate estimates of total redd abundance and timing of redd construction, but
also provides relatively wide confidence intervals compared to the weekly sampling
frequency. The bi-weekly sampling frequency also allows for the detection of modalities in
the temporal distribution of redd counts that could lead to the identification of distinct
spawning groups or runs present during the sampling season
Redd surveys performed with a tri-weekly sampling frequency provides estimates of total
redd abundance and timing of redd construction that are less precise and accurate than
those produced by redd surveys with a weekly or bi-weekly sampling frequency, and may
result in difficulties in detecting modalities in the temporal distribution of redd counts that
could be used in the identification of distinct spawning groups or runs present during the
sampling season
Redd surveys performed with a monthly sampling frequency provides the least precise and
accurate (most biased) estimates of total redd abundance and timing of redd construction,
much wider confidence intervals, and a reduced likelihood of detecting modalities in the
temporal distribution of redd counts that could lead to the identification of distinct
spawning groups or runs present during the sampling season
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4. Recommendations
The following recommendations are based on the results and conclusions of this evaluation and
the need to identify an adequate sampling frequency for the long-term extensive-area redd
survey to be performed in the lower Yuba River.
The long-term extensive-area redd survey should be performed with a weekly sampling
frequency, at least from the start of the sampling season through December 31 (which
represents the majority of spawning activity), to provide enough sampling events during the
season of most intense Chinook salmon spawning activity to facilitate the gathering of
unbiased estimates of total redd abundance and timing of redd construction, and to
enhance the probability of differentiating spring-run and fall-run spawning activity
The start date of the long-term extensive-area redd surveys should occur some time
between August 1 and early September to guarantee that the start of the spawning activity
is adequately sampled
A bi-weekly sampling frequency, if used at all (as a cost-efficiency measure) during the longterm extensive-area redd survey, should be employed during the last portion of the survey
season (i.e., January 1 through May 1) when Chinook salmon spawning activity has declined
and most of the spawning still occurring is probably associated with late fall-run Chinook
salmon
Tri-weekly and monthly sampling frequency strategies are not recommended for Yuba River
long-term extensive-area redd surveys
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ATTACHMENT 2
Establishing Sample Size for Redd Area Measurements in Order to Address
Redd Superimposition
Redd area measurements are needed to examine redd superimposition throughout the lower Yuba
River for Chinook salmon and steelhead. Evaluation of Chinook salmon redd areas (m2)
calculated for the 2008-2009 index area indicated that redd area significantly differed (r 2 = 0.24,
P < 0.01) during the majority of the spawning activity (mid-September through December).
Therefore, a sampling design specifically addressing redd area estimation is necessary for the
extensive area redd surveys.
A systematic sampling design will be used to collect redd area measurement data during the
extensive area redd survey, where every 17th sampling unit (redd) will be included in the sample
for redd area measurements. Systematic sampling is often used for ease of execution and
convenience (Hansen et al. 2006). In addition, systematic samples are usually spread more
evenly over the population, so population attributes can be estimated more precisely than simple
random sampling (Hansen et al. 2006).
During the 2008-2009 pilot extensive area redd survey, a total of 1257 Chinook salmon redds
were observed in the lower Yuba River. However, it is recognized that this is a minimum number
of redds due to the relatively infrequent sampling (i.e., monthly) and duration of fresh redd
visibility. Therefore, for sample size considerations, it is assumed that up to 2000 Chinook
salmon redds could be potentially observed during each annual redd survey season. Given the
variance of redd area measured at 169 Chinook salmon redds in the index area during the 20082009 pilot survey season, as estimated 111 redds would need to be measured in order to estimate
redd size within 10% of the calculated average redd area. Therefore, assuming a similar variance
structure in the future and further assuming a potential total of 2000 Chinook salmon redds
constructed annually, an estimated 5.6% of the total number of redds would need to be measured
to obtain an estimate of the average redd area with a precision of 10%, resulting kth sampling unit
of 17.8. Consequently, rounding downwards in order to avoid establishing a sample size
resulting in an anticipated less precise estimate, the kth sampling unit will be 17. In other words, 1
out of every 17 redds observed in the lower Yuba River during the extensive area redd survey
will be measured to estimate redd area.
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