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Introduction
In 2002, the Monterey County Water Resources Agency (MCWRA) developed the Salinas
Valley Water Project (SVWP) in an effort to reduce Salinas Valley’s dependence on
groundwater through balancing the rate of groundwater withdrawal and recharge. The SVWP
plan is comprised of operational changes to the Nacimiento and San Antonio Dams,
modifications to the Nacimiento Dam, and construction and operation of the Salinas River
Diversion Facility (SRDF). During evaluation of potential environmental impacts, MCWRA
developed a Flow Prescription to minimize impacts to South-Central California Coast (SCCC)
steelhead and their critical habitat. This Flow Prescription relies on triggers based on a
combination of reservoir conditions and stream flow to initiate and provide fish passage flows to
facilitate the upstream migration of adult steelhead between February 1 and March 31.
In 2007, the National Marine Fisheries Service (NMFS) issued a Biological Opinion (Opinion)
regarding the potential effects of the construction and operation of the SRDF on threatened
SCCC steelhead and their critical habitat in accordance with Section 7 of the Endangered Species
Act of 1973 (NMFS 2007). As one of several terms and conditions of this Opinion, NMFS
requested that adult steelhead escapement monitoring be conducted for a minimum of 10 years
using a DIDSON (Dual Frequency Identification Sonar; Lake Forest Park, Washington, USA),
unless NMFS and MCWRA mutually agree to an alternative timeframe.
An extensive review of the DIDSON’s capabilities was conducted during the summer of 2010
and included information from the Scott Creek DIDSON demonstration project, numerous
contacts with DIDSON representatives, and FISHBIO’s extensive experience using the DIDSON
in the Sacramento/San Joaquin Delta and its tributaries. The review also considered alternative
fish counting technologies such as the Vaki Riverwatcher (Vaki Aquaculture Systems Ltd.,
Iceland), an infrared scanning unit, usually paired with a high-resolution camera. Given the
width of the river and the resolution of both systems, the Riverwatcher was selected as the best
monitoring approach for quantifying adult steelhead escapement in the Salinas River. MCWRA
consulted with NMFS and received approval to substitute the Riverwatcher in lieu of the
DIDSON to monitor adult steelhead escapement.
In 2011, the Adult Steelhead Escapement Monitoring Program (Program) was initiated. The
Program examines the abundance and characteristics of upstream migrating steelhead adults by
operating a portable resistance board weir (Weir) and Vaki Riverwatcher in the Salinas River.
The objectives of the Program, developed in coordination with NMFS, are as follows:
 Determine Salinas River Basin adult steelhead escapement.
 Characterize the migration timing of adult steelhead in the Salinas River and evaluate
potential relationships with environmental factors.
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Study Area
The Salinas River is about 172 miles long from its headwaters in the Santa Lucia and La Panza
Mountain Ranges to its confluence with the ocean (Figure 1), while the lower Salinas River
(below Santa Margarita Lake Dam, created in 1941) is 154 miles long. The Salinas River flows
northwest through the Salinas Valley and drains a watershed of about 4,780 square miles. Major
tributaries listed in order from upstream to downstream include the Nacimiento (confluence at
RM 108.5), San Antonio (confluence at RM 104.5), and the Arroyo Seco (confluence at RM 50)
rivers (Figure 1). While the Arroyo Seco flows freely along its entire length, the Nacimiento and
San Antonio rivers are regulated by dams, and generally flow in a northeasterly direction from
the headwaters to their confluence with the Salinas River. These three tributaries are considered
the “principal [steelhead] spawning areas and comprise some of the best spawning and rearing
habitats in the watershed” (Snyder 1913, Titus et al. 2002, Good et al. 2005 as cited by NMFS
2007). Furthermore, all three have been designated, along with the Salinas River from the mouth
upstream to 7.5 miles below Santa Margarita Lake, as Critical Habitat for SCCC Steelhead
(NMFS 2007; note: only the lower reaches of the Nacimiento and San Antonio rivers below their
respective dams are designated). To obtain an accurate count of steelhead in the Salinas River
basin, the weir and Riverwatcher were located downstream of all potential spawning areas,
immediately below of the SRDF on the Salinas River at RM 2.75 (Figure 1).
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Figure 1. Map of the Salinas Basin showing location of the Salinas River Weir and other locations of interest.
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Methods
Resistance Board Weir and Riverwatcher Fish Counting System
A resistance board weir, combined with a Vaki Riverwatcher fish-counting system
(Riverwatcher system), was installed in the Salinas River at the same location as previous
monitoring seasons (RM 2.75; site established during the 2010/11 monitoring season) and
operated from November 26, 2013 until April 1, 2014. Weir configuration and operational
procedures followed guidelines described in Cuthbert et al. (2013). Once the weir was installed,
components were inspected and cleaned at least once per week to ensure proper functionality;
additional weir checks (often necessitated by heavy debris loads following period of high
precipitation) were not required during this critically dry water year. As the Riverwatcher system
permits identification of fish to species under all but the most turbid conditions, and, perhaps
more importantly, allows counting migrating fish without trapping or handling, it is well suited
for monitoring species of special concern (such as SCCC steelhead).
The Riverwatcher system is comprised of three main components: an infrared scanner, a digital
video camera with lights housed in a stainless steel camera tunnel, and a computer system
(Figure 2). The Riverwatcher system was attached to a fyke at an opening in the weir (Figure 3).
As fish travel through an infrared field a silhouette image is generated (Figure 4), and the time,
speed, direction of passage, and the body depth of each passing fish is recorded. In order for the
computer to record a fish passage event, two parameters were required: (1) the maximum depth
of the object had to exceed 40 mm, which reduced records of debris such as leaves and air
bubbles in the water column, and (2) the fish must completely pass both sets of diodes (i.e., if
only the the downstream sensor was triggered and the fish did not proceed upstream, no image
was created and it was not interpreted by the computer as a passage event. The direction of
passage (upstream or downstream) is also recorded by the computer, and determined by the order
in which the sets of infrared diodes are triggered (i.e., if the downstream diodes were triggered
first, passage direction was recorded as “upstream”, and vice versa). For each upstream passage
detected by the infrared scanner, a video clip was also captured. Data recorded by the
Riverwatcher was downloaded during each weir check and subsequently imported into the
Winari database for review (Figure 6).
Since debris or animals other than those of interest to this study can trigger the diodes, all
scanned infrared silhouettes and video images were reviewed to identify the passing object. A
three step object identification process was used with objects first classified as not fish or fish.
Passages identified as fish were then classified as salmonid (presumed to be steelhead) or nonsalmonid. Non-salmonids were identified to family or species, when possible, from the available
silhouette and video images. Daily passage counts, as well as the season total abundance for each
species were tabulated as upstream passages minus downstream passages.
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Figure 2. Photograph of the Vaki Riverwatcher fish counting system components displayed on a custom
fabricated stand.

Fyke

Figure 3. Photograph indicating the placement of the fyke between the passing chute and the Riverwatcher
fish counting system security box.
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Figure 4. Example of good (left) and poor (right) silhouette images of steelhead produced from both sets of
scanner diodes (one image from one set of diodes is displayed in blue and the other is displayed in red).

Figure 5. Screen shot of a Sacramento sucker identified in a video clip using the Salinas River Weir Winari
database.
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Although the Riverwatcher scanner is highly effective in detecting fish passage in turbid
environments using infrared technology, the visual clarity of video begins to diminish at
relatively low turbidities (i.e., 3 NTU). The quality of silhouette and video images were ranked
to provide an index of certainty in each passage identification. An image was ranked as “poor”
when it was difficult to identify any of the morphological features typically used to positively
identify an image as steelhead (e.g. adipose fin, body shape, fin location relative to body shape,
presence of a kype on a male’s jaw). A “fair” ranking was assigned when at least one clear
morphological feature was identifiable in the image, and a “good” ranking indicates that the
majority of the morphological features could be discerned. Identification certainty was then
ranked as positive, very likely, or likely based on both the silhouette and video image quality
rankings as reflected in Table 1.
Table 1. Matrix for ranking passage identification certainty. P = Positive, VL = Very Likely, and L = Likely.

Video Quality

Silhouette Quality
ID Certainty

Good

Fair

Poor

Good

P

P

P

Fair

P

VL

VL

Poor

VL

L

L

None

VL

L

L

Total lengths of fish were estimated based on the depth of the fish measured by the Riverwatcher
and a length coefficient. Due to the lack of site-specific morphometric data for adult steelhead
and other fish observed in the Salinas River, a user-defined coefficient was derived from body
depth to total length ratio from measurements of trapped fish and carcasses taken at the
Stanislaus River Weir (Table 2). The coefficient was derived by the following equation:

where, l is the length coefficient, tl is the total length, and d is the body depth of the measured
fish. The mean of the coefficients (lm) of all the measured fish was then used to estimate total
length of the fish recorded by the Riverwatcher system using the following equation:
where, L is the estimated total length, D is the body depth measured by the Riverwatcher system,
and lm is the length coefficient (Table 2). This user-defined, species-specific coefficient was
applied to body depths estimated for each fish observed at the Salinas River Weir to estimate
total length of each individual.
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Table 2. User defined length coefficient means from 2003 through 2009 Stanislaus River Weir trapping and
carcass data. Asterisk (*) indicates the samples (n) and length coefficient were obtained from largemouth bass
measurements.
Species Name
Cyprinus carpio
Carassius auratus auratus
Micropterus salmoides
Catostomus occidentalis
Oncorhynchus mykiss
Morone saxatilis
Micropterus spp.
Unidentified

Common Name
carp
goldfish
largemouth bass
Sacramento sucker
steelhead
striped bass
unidentified bass
unidentified

n
17
6
3
57
31
25
3*
-

Length Coefficient
3.7
3.0
3.7
5.6
4.8
4.5
3.7*
6.0

Monitoring Environmental Factors
Physical data were collected at the weir during each maintenance event, and included water
temperature (°F), dissolved oxygen (mg/L), turbidity (Nephelometric Turbidity Units; NTU),
weather conditions, and water velocity (ft/s) at the opening of the livebox. Instantaneous water
temperature and dissolved oxygen were recorded using an Exstick II model DO600 Dissolved
Oxygen Meter (Extech Instruments Corporation, Waltham, Massachusetts, USA). Instantaneous
turbidity was recorded using a model 2020e Turbidimeter (LaMotte Co., Chestertown, Maryland,
USA), and instantaneous water velocity was measured using a digital Flow Probe model FP-101
(Global Water Instrumentation, Inc., Gold River, California, USA). Due to infrequent weir
checks, instantaneous physical data was generally recorded once per week.
Daily average water temperature was calculated from data that was logged hourly using a
submersible temperature logger (Hobo Water Temp Pro V2, Onset Computer Corporation,
Pocasset, MA). Daily average Salinas River flows (cubic feet per second; cfs) were downloaded
from the United States Geological Survey (USGS, station 1152500; http://waterwatch.usgs.gov).
Although the lagoon never breached to the ocean during the monitoring period, in past years the
time the lagoon remained connected to the ocean was estimated by MCWRA staff based on
visual observations and review of water surface levels in the lagoon recorded by pressure
transducers. If the lagoon level started to rise, the lagoon was determined to be closed, and if the
lagoon level fluctuated (resembling a tide change) the lagoon was determined to be open (pers.
comm. Clayton Leal, MCWRA).
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Results
Steelhead abundance, migration timing, and size
Between November 26, 2013 and April 1, 2014, zero (0) steelhead passages were detected by the
Riverwatcher system at the Salinas River Weir.
Non-salmonids
At least five non-target fish species were identified passing the weir, including common carp
(Cyprinus carpio), Sacramento pikeminnow (Ptychocheilus grandis), Sacramento sucker
(Catostomus occidentalis), striped bass (Morone saxatilis), and an unknown species of black
bass (Table 3). In addition, there were 352 unidentified fish detections (Table 6). Other types of
organisms that passed the weir included an unknown species of mammal and waterfowl. The
Riverwatcher also recorded a net downstream count of 58 passages (194 upstream and 252
downstream) that were categorized as not fish.
Of the five non-target fish species identified, striped bass had the highest percentage of
silhouettes and videos graded as “fair” or “good.” Striped bass were also the only species to
receive a “positive” identification certainty. Overall the percentage of fish passages with
silhouettes graded as “fair” or “good” was moderate (56.1%), however the percentage of fish
passages with videos graded as “fair” or “good” was substanitly lower (1%) (Table 4). This
directly correlates to the high percentage of overall identification certainty grades of “likely” in
relation to the other categories.
Table 3. Non-salmonid species observed, total length, and number of upstream and downstream passages
during November 26, 2013 through April 1, 2014. Note: length estimates are from upstream passages only.
Common Name
Scientific Name
Mean TL
Upstream
Downstream
(mm)
Passages
Passages
Common carp
Cyprinus carpio
384 (263-503)
33
11
Sacramento pikeminnow
Ptychocheilus grandis
412 (369-577)
11
6
Sacramento sucker
Catostomus occidentalis
383 (224-599)
261
195
Striped bass
Morone saxatilis
509 (347-702)
11
0
Unidentified bass
Micropterus spp.
256 (167-396)
8
8
Unidentified
411 (240-738)
214
138
Table 4. Proportion of non-salmonid silhouettes ranked as "good" and percent of passage for which
identification certainty was “Very Likely” or “Positive”.
Percent Identification certainty
Silhouettes ranked Videos ranked as
Species name
as “fair” or “good” “fair” or “good”
“Positive”
“Very likely” “Likely”
Common carp
68.2%
2.3%
0.0%
2.3%
97.7%
Sacramento pikeminnow
82.4%
5.9%
0.0%
11.8%
88.2%
Sacramento sucker
70.4%
1.1%
0.0%
10.3%
89.7%
Striped bass
100.0%
18.2%
9.1%
9.1%
81.8%
Unidentified bass
18.8%
0.0%
0.0%
0.0%
100.0%
Unidentified
35.0%
0.0%
0.0%
0.0%
100.0%
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Environmental Factors
Between November 26, 2013 and April 1, 2014, daily average flow in the Salinas River at
Spreckels (RM 11) remained at zero (0) cfs for the duration of the sampling period. Daily
average flow in the Arroyo Seco River near Soledad ranged between 5 cfs and 1,100 cfs
(average: 37 cfs) and daily average flow in the Arroyo Seco River near Reliz ranged between 0
cfs and 699 cfs (average: 10 cfs; see Figure 8). Flow from the Arroyo Seco River into the Salinas
River did not reach the USGS Gage at Chular during the monitoring period. The sandbar
separating the Salinas river lagoon from the ocean did not breach during the monitoring period.
Daily average water temperature at the weir ranged from 44.1˚F to 64.1˚F (season average:
55.0˚F). Instantaneous water temperatures measured at the weir ranged from 45.4˚F to 62.4˚F
(season average: 54.9˚F; Figure 8), instantaneous turbidity varied between 5.56 NTU and 64.7
NTU (season average: 23.2 NTU; Figure 9), and instantaneous dissolved oxygen ranged from
6.65 mg/L to 14.36 mg/L (season average: 9.5 mg/L; Figure 9).

Figure 6. Daily average flows (cfs) recorded in the Salinas River at Spreckels (11152500), Arroyo Seco River
near Soledad (11152000), and Arroyo Seco River near Reliz (11152050) from November 26, 2013 through
April 1, 2014 [Data source USGS]. Note: Peak flow at Arroyo Seco River near Reliz was 699 cfs on March 1.
Peak flow at Arroyo Seco River near Soledad was 1,100 cfs on March 1.
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Figure 7. Instantaneous turbidity (NTU), instantaneous dissolved oxygen (mg/L), and instantaneous stream
gauge height (feet) measured at the weir between and November 26, 2013 through April 1, 2014.

Discussion
Steelhead abundance, migration timing, and size
The 2013/2014 monitoring season was the fourth season of adult steelhead migration monitoring
on the Salinas River at the SRDF site (RM 2.75), and the third season that the weir operated
during the entire monitoring period (December 1 through March 31) set forth in the Biological
Opinion (NMFS 2007). The 2013/2014 monitoring season marks the first year of monitoring in
which the lagoon did not breach, and the first season in which no steelhead were detected
passing the weir (Table 5).
One sub-adult steelhead (333 mm forklength; HES 2014) was captured in the lagoon during
October 2013 seining surveys conducted by MCWRA, indicating that steelhead were present in
the lagoon shortly prior to the initiation of weir monitoring. The origin of this individual is
unknown.
The critically dry conditions also resulted in no connectivity between the Salinas River and the
lagoon during the monitoring period (Figure 8, zero flow on the Salinas River at Spreckels
indicates no connectivity). Although, steelhead passage to upstream spawning habitat is not
possible in the absence of connectivity between the Salinas River and the lagoon, the
Riverwatcher could record steelhead passage at the weir site since it is hydraulically connected to
the lagoon.
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Table 5. Seasonal monitoring dates and adult steelhead passage counts. Asterisk (*) indicates a DIDSON was
used between February 17, 2011 and March 31, 2011 due to weir and Riverwatcher complications.
Monitoring
Upstream
Downstream
Net Upstream
Season
Start Date
End Date
Passages
Passages
Passages
2010/11*
1/19/2011
2/17/2011
18
5
13
2011/12
11/30/2011
4/2/2012
19
2
17
2012/13
12/1/2012
4/1/2013
53
10
43
2013/14
11/26/2013
4/1/2014
0
0
0

Observations of non-salmonids
Although no adult steelhead were detected during the monitoring season, the weir provided
information on the movement and sizes of five non-salmonid fish species observed passing the
weir. A total of 896 fish were detected passing the weir in an upstream or downstream direction
(Table 6). The total number of unidentified fish detections represented 39.3% of the total number
of fish detections for the season, which is the highest proportion of unidentified fish detections
for a season. It is unclear as to why the percent of unideitified fish detections was higher than the
previous years since mean turbidity this season was higher than the previous monitoring seasons.
Furthermore, the similarity between the 2011/12 and 2012/13 monitoring seasons is inexplicable
because we expected the use of the air-filled-chamber camera tunnel during 2011/12 to result in
a lower percent of unidentified fish detections. A shortened Riverwatcher monitoring season that
likely resulted in a monitoring period that did not adequaltely represent the species composition
in the lagoon can explain the low percent of unidentified fish detections during 2010/11. The
non-salmonid species are more difficult to identify using RW silhouettes than salmonids and
some non-salmonid species are more difficult to identify than others; therefore, if we assume that
the species composition changes in this region of the Salinas River between monitoring seasons
then the assumption is that our percent of unidentified fish detections would change accordingly.
Table 6. Seasonal monitoring dates and total passage information. Asterisk indicates a DIDSON was used
between February 17, 2011 and March 31, 2011 due to weir and RiverWatcher complications however that
data was not included. Parenthesis indicates range.
Total Number
Total Number
% Of
Monitoring
Total Number
of Fish
of Fish
Unidentified
Mean Turbidity
Season
of Fish Detected
Identified
Unidentified
Fish Detections
(NTU’s)
2010/11*
73
58
15
20.5%
84.7 (15.9-819.0)
2011/12
1,258
884
374
29.7%
33.6 (8.4-147.0)
2012/13
2,072
948
646
31.2%
199.4 (6.8-1330.0)
2013/14
896
544
352
39.3%
23.2 (5.6-64.7)

Recommendations
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Based on the objectives of the Salinas River Fisheries monitoring program and results from
Salinas River adult steelhead escapement monitoring we suggest the following
recommendations.
 Continue monitoring adult steelhead using the Weir and Riverwatcher at the same
location encompassing the monitoring period described in the biological opinion.
 Fabricate or purchase an air filled chamber, similar to the one borrowed in 2011/12, to
increase video quality and improve ID certainty.
 Intermittent operation of a trap at the weir is recommended and could allow fish to be
tagged and tracked to determine where they migrate to and at what rates relative to
instream conditions. Benefits of intermittent trap operation would also include the ability
to confirm fish identification and detection efficiency during periods of extreme turbidity;
provide basin specific fish depth to length ratios to compare to those obtained from the
Stanislaus River; and to collect scale and tissue samples to determine growth rates and
life history expression to complement adult and juvenile abundance and migration data
collected. For example, Bond et. al. (2008) found that the scale morphology of returning
adult steelhead in Scott Creek indicates that there is a strong size-dependent mortality at
sea. Steelhead smolts that remained in the estuary post sandbar formation had growth
rates that resulted in a near doubling of forklength through the summer, which proved to
be an advantageous life history survival mechanism.
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