Salinas Valley Water Project
Annual Fisheries Report for 2010

Monterey County Water Resources Agency
893 Blanco Circle
Salinas, CA 93901

APRIL 2011

BACKGROUND AND INTRODUCTION ........................................................................................1
NACIMIENTO RIVER..................................................................................................................2
Juvenile Outmigration ......................................................................................................... 2
Index Reach Monitoring ...................................................................................................... 2
Temperature........................................................................................................................ 5
Stranding Survey.................................................................................................................. 6
ARROYO SECO RIVER................................................................................................................7
Juvenile Outmigration ......................................................................................................... 7
Index Reach Monitoring ...................................................................................................... 7
SALINAS RIVER ‐ UPPER.......................................................................................................... 13
Juvenile Outmigration ....................................................................................................... 13
SALINAS RIVER – SALINAS RIVER DIVERSION FACILITY (SRDF) ................................................ 13
Water Quality .................................................................................................................... 13
Impoundment Survey ........................................................................................................ 16
SALINAS RIVER LAGOON ........................................................................................................ 18
Upper Salinas River Lagoon (Site 5) ................................................................................. 18
Water Quality .................................................................................................................... 18
Lower Salinas River Lagoon (Site 1) ................................................................................. 21
Water Quality .................................................................................................................... 21
Depth Profiles (Sites 1 – 7) ................................................................................................ 23
Chlorpyrifos and Diazinon Sampling.................................................................................. 34
BLANCO DRAIN ...................................................................................................................... 34
RECCOMENDATIONS .............................................................................................................. 37
Rotary‐screw traps ............................................................................................................ 37
Hydrolab Redeployment.................................................................................................... 37
REFERENCES ........................................................................................................................... 38
APPENDIX .............................................................................................................................. 39

BACKGROUND AND INTRODUCTION
The Monterey County Water Resources Agency (MCWRA) constructed the Salinas Valley Water
Project (SVWP) from 2008 through 2010. The project was the culmination of multi‐decades of
planning, engineering and public involvement. The objectives of the SVWP are: halt seawater
intrusion, provide adequate water supplies to meet current and future (2030) water needs and
improve the hydrologic balance of the groundwater within the Salinas River Basin. In 2002
MCWRA Board of Directors certified the Final EIR/EIS and applied to the U.S. Army Corps of
Engineers (Corps) for a permit to construct the SVWP. There are three components to the
SVWP: (1) Nacimiento Dam Spillway Modification, (2) Reoperation of Nacimiento and San
Antonio Reservoirs to store a higher volume of water in the wet season and allow higher
releases of water into the Salinas River during the irrigation season, (3) Salinas River Diversion
Facility (SRDF).
During the permitting process the National Oceanic and Atmospheric Administration’s National
Marine Fisheries Service (NMFS) initiated a formal Section 7 consultation with the Corps on the
issuance of a permit for the SVWP. This consultation resulted in MCWRA authoring the Salinas
Valley Water Project Flow Prescription for Steelhead Trout in 2005 and including it within the
project description. This flow prescription outlines three main areas of monitoring: (1) to
quantify the presence of the threatened steelhead trout (Oncorhynchus mykiss) in the lower
Salinas River system (population monitoring), (2) to monitor river flows to ensure adequate
water for fish passage (migration monitoring) and (3) to monitor water quality to determine
habitat suitability (habitat monitoring). The flow prescription has been incorporated into NMFS
Biological Opinion SWR/2003/2080 (Admin. No. 1514422SWR2003SR8711) and many of the
conditions of this biological opinion (BO) were excerpted from the flow prescription.
In 2010, the Agency completed the final construction piece of the SVWP, the Salinas River
Diversion Facility (SRDF) and the biological monitoring program began implementation in March
of 2010.
This report is provided to NMFS to comply with Section D. Terms and Conditions, Item 27 c. ii
that states “Annual reporting of the biological monitoring results shall be provided to NMFS by
no later than April 15 of the next year.”
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NACIMIENTO RIVER
Juvenile Outmigration
Please refer to the Salinas Basin Rotary‐Screw Trap Monitoring
2010 Draft Report (Appendix A).
Index Reach Monitoring
In accordance with the Salinas Valley Water Project Fisheries Monitoring Program (MCWRA
2010), the MCWRA expended great effort to estimate the abundance of steelhead and other
fish species in multiple reaches of the Arroyo Seco and Nacimiento Rivers. Initial survey efforts
focused on direct observation methods (under water counts). On 27 September, 2010, the
MCWRA measured water clarity in Nacimiento River using a cut‐out model of a steelhead parr
(130 mm), attached to a 170 cm long graded stick (Thurow 1994) (Figure 1). Researchers have
recommended minimum visibilities ranging from 1.5 to 4 m for underwater counts (Thurow
1994). Parr marks on the cut‐out model were not visible beyond 0.6 m from the under water
observer. Hence, due poor water clarity, visual under water counts were abandoned on the
Nacimiento River.

Figure 1. Cut‐out model of a juvenile steelhead trout on a graded stick, pictured in the
Nacimiento River, 27 September, 2010.

2
MCWRA 2010 Fisheries Report

In lieu of under water counts, depletion electrofishing surveys were attempted in accordance
with the Salinas Valley Water Project Fisheries Monitoring Program and Guidelines for
Electrofishing Waters Containing Salmonids Listed Under the Endangered Species Act (2000). In
order to perform the electrofishing survey, Nacimiento Reservoir releases were gradually
reduced from 385 cfs to 60 cfs over a one week period of time (18‐25 October, 2010). In the
interest of conducting effective electrofishing surveys, flows less than 60 cfs would have been
beneficial to the success of the survey. However, in order to maintain year‐round steelhead
rearing habitat in Nacimiento River, reservoir releases could not be decreased below 60 cfs
(Monterey County Water Resources Agency 2005). On 25 October, 2010, MCWRA and FISHBIO
staff reconnoitered suitable locations for depletion electrofishing surveys. It was difficult to
find suitable survey locations with river flows at 60 cfs. In nearly all of the reconnoitered
reaches, the river was too wide, too deep, or velocities were too high. At two locations, high
velocities were responsible for “blowing out" block nets. After an exhaustive search failed to
produce other suitable locations on the Nacimiento River, electrofishing surveys were
abandoned.
On 9 November, 2010, when Nacimiento Reservoir releases were still at 60 cfs, MCWRA used a
two person 30 ft by 6 ft, 3/8 inch mesh beach seine to sample the Nacimiento River at four
locations (Figures 2 and 3). Pool, riffle and run habitat types were sampled at each location for
a total of 20 seine sets. Sherwood Forest was the only seine location where fish were captured:
14 threespine sticklebacks (Gasterosteus aculeatus, mean fork length (FL) = 41 mm,) and one
Sacramento sucker (Catostomus occidentalis, FL = 53 mm). No steelhead were sampled at any
of the locations. All genus and species names can be found in Tables 1 and 2.

Figure 2. A two person beach seine was used to sample the Nacimiento River.
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Figure 3. Map showing beach seining locations on the Nacimiento River, including geographic coordinates (North
American Datum 1983).
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Temperature
Water temperature measurements were continuously collected 15 April – 08 November 2010
(Figures 4 and 5) at two sites located five and 11 river miles below Nacimiento Dam. Onset
Hobo U‐22 data loggers, hereafter referred to as loggers, were anchored to the thalweg at each
reach. Water temperature at both sites fluctuated April – May and stabilized beginning in late
May through November. Temperature at both sites gradually increased from late May through
early October.
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Figure 4. Daily maximum, mean and minimum temperatures (°C) from 16 April – 9 November, 2010 in the
Nacimiento River, approximately five river miles downstream from the reservoir.
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Figure 5. Daily maximum, mean and minimum temperatures (°C) from 16 April – 9 November, 2010 in the
Nacimiento River, approximately 11 river miles downstream from the reservoir.

Stranding Survey
Stranding surveys were not performed in 2010 because criteria in the Salinas Valley Water
Project Flow Prescription for Steelhead Trout in the Salinas River were not met (Monterey
County Water Resources Agency 2005).
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ARROYO SECO RIVER
Juvenile Outmigration
Please refer to the Salinas Basin Rotary‐Screw Trap Monitoring 2010 Draft Report (Appendix A).
Index Reach Monitoring
Depletion electrofishing surveys were performed in accordance with the Salinas Valley Water
Project Fisheries Monitoring Program and Guidelines for Electrofishing Waters Containing
Salmonids Listed Under the Endangered Species Act (2000). The objectives of the surveys were
to investigate the distribution of O. mykiss in the Arroyo Seco watershed and to estimate an
abundance index for O. mykiss in the sampled areas.
Three reaches of river were sampled (Figure 6) using two Smith‐Root backpack electrofishers
(models: LR‐20B and LR‐24). Each reach was at least 30 m long. Site 1 was located at the
McKinsey Ranch and was the lower most sampling location on the Arroyo Seco River. Site 2 was
located at the US Forest Service Campground, near The Lakes. Site 3 (Upper) was located
approximately 2.5 miles upstream from Site 2. For this work, we made numerous assumptions.
For example, at all of the sites, it was assumed that emigration and immigration were
prevented by the erection of upstream and downstream block nets. We assumed that shocking
efficiency did not change between passes. That is, staff did not become more efficient using
the equipment, nor did fish learn to avoid the electrical field, between passes. Population
estimates were calculated using a maximum‐likelihood iterative process for each site.
MicroFish 3.0 (Van Deventer 2006) was used as a tool to calculate population estimates,
standard errors and 95% confidence intervals. Population estimates are restricted to the
sampled areas, and are an only an index of the overall population.
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Figure 6. Map showing electrofishing locations on the Arroyo Seco River, including geographic coordinates (North
American Datum 1983).
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Site 1 (McKinsey Ranch) was sampled on 18 October, 2010 when mean daily flow was 18 cfs1
(USGS 11152000). Two passes were made with two side‐by‐side back pack electrofishers.
Power limitations precluded a third pass. The sampled reach of river was 28% run and 72%
riffle and measured 47 m in length, with an average width of 8 m. Seven species were sampled
at site 1 (Figure 7).
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Figure 7. Results of two‐pass depletion electrofishing survey at Site 1 (McKinsey Ranch), illustrating
community richness and species abundance (n). Refer to Table 1 for complete species name.

Speckled dace (Rhinichthys osculus) were the most numerous species (n = 136). One O. mykiss
(Fork Length (FL) = 270mm) and five largemouth bass (Micropterus salmoides) were sampled
(Table 1). Population estimates were not calculated for O. mykiss. Standard errors were high
for those species where depletion between passes was low. Standard errors were low where
sample sizes and rates of depletion were high. Three or more passes would likely have reduced
the error and narrowed the confidence intervals.
Table 1. Population estimates (N) calculated using maximum‐likelihood iterations at Site 1 (McKinsey Ranch) from two‐
pass depletion electrofishing surveys. Sample size (n), standard error (SE) and 95% confidence intervals are reported.

California roach (Lavinia symmetricus)
largemouth bass (Micropterus salmoides)
rainbow/steelhead trout (Oncorhynchus mykiss)
pacific lamprey (Lampetra tridentata)
Sacramento pikeminnow (Ptychocheilus grandis)
Sacramento sucker (Catostomus occidentalis)
speckled dace (Rhinichthys osculus)

n
31
5
1
7
39
10
136

1

N (Estimated)
44
8
‐
15
41
12
220

SE
15.1
10.9
‐
28.7
2.8
4.5
49.7

95% CI
14 ‐ 74
0 ‐ 34
‐
0 ‐ 76
35 ‐ 47
2 ‐ 22
122 ‐ 318

As of 9 February, 2011, data are provisional and subject to revision until they have been thoroughly reviewed and
received final approval by the USGS.
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Site 2 (Forest Service Campground) was sampled on 19 October, 2010 when mean daily flow
was 20 cfs1 (USGS 11152000). Four passes were made with two side‐by‐side back pack
electrofishers. The sampled reach of river was 66% step‐run and 34% riffle and measured 55 m
in length. Five species were sampled at Site 2 (Figure 8).

120
100

Count

80
60
40
20
0

O. mykiss

lamprey

pikeminnow

sucker

dace

Figure 8. Four‐pass depletion electrofishing survey at Site 2 (Forest Service Campground), Illustrating
community richness and species abundance (n). Refer to Table 2 for complete species name.

Speckled dace were the most abundant species (n = 112), followed by Sacramento pikeminnow
(Ptychocheilus grandis, n = 72). Thirteen O. mykiss were sampled (Table 2) with an average fork
length of 98mm, which ranged from 77 – 121mm. The population within the reach was
estimated at 17 individuals.
Table 2. Population estimates (N) calculated using maximum‐likelihood iterations at Site 2 (Forest Service Campground)
from four‐pass depletion electrofishing surveys. Sample size (n), standard error (SE) and 95% confidence intervals are
reported.

California roach (Lavinia symmetricus)
largemouth bass (Micropterus salmoides)
rainbow/steelhead trout (Oncorhynchus mykiss)
pacific lamprey (Lampetra tridentata)
Sacramento pikeminnow (Ptychocheilus grandis)
Sacramento sucker (Catostomus occidentalis)
speckled dace (Rhinichthys osculus)

n
‐
‐
13
1
72
8
112

N (Estimated)
‐
‐
17
‐
86
9
150

SE
‐
‐
6.6
‐
9.0
2.8
19.7

95% CI
‐
‐
3 ‐ 31
‐
68 ‐ 104
2 ‐ 16
111 ‐ 189

Site 3 (Upper Arroyo Seco) was sampled on October 20, 2010 when mean daily flow was 20 cfs1
(USGS 11152000). Four passes were made with two side‐by‐side electrofishers. The sampled
reach of river was 50% cascades with interspersed pocket pools and 50% run and measured 31
meters in length (Figure 9 and 10). Five species were sampled at Site 3 (Figure 11).
10
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Figure 9. Electrofishing a pocket pool, upper Arroyo Seco River.

Figure 10. O. mykiss captured on the Arroyo Seco River (Upper site).
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Figure 11. Four‐pass depletion electrofishing survey at Site 3 (Upper Arroyo Seco), Illustrating
community richness and species abundance (n). Refer to Table 3 for complete species name.

Sacramento suckers were the most abundant species (n = 67), followed by Sacramento
pikeminnow (n = 52). Twenty O. mykiss were sampled (Table 3) with an average fork length of
116 mm, which ranged from 82 – 284 mm. The population estimate at site 3 and the sample
size were 20. The consistency between the sample size and the population estimate is
attributed to the consistent and nearly complete depletion of O. mykiss in the sampled reach.

Table 3. Population estimates (N) calculated using maximum‐likelihood iterations at Site 3 (Upper Arroyo Seco) from
four‐pass depletion electrofishing surveys. Sample size (n), standard error (SE) and 95% confidence intervals are
reported.

California roach (Lavinia symmetricus)
largemouth bass (Micropterus salmoides)
rainbow/steelhead trout (Oncorhynchus mykiss)
pacific lamprey (Lampetra tridentata)
Sacramento pikeminnow (Ptychocheilus grandis)
Sacramento sucker (Catostomus occidentalis)
speckled dace (Rhinichthys osculus)
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n
‐
‐
20
1
52
67
1

N (Estimated)
‐
‐
20
‐
52
68
‐

SE
‐
‐
1.0
‐
0.9
1.5
‐

95% CI
‐
‐
18 ‐ 22
‐
50 ‐ 54
65 ‐ 71
‐

SALINAS RIVER ‐ Upper
Juvenile Outmigration
Please refer to the Salinas Basin Rotary‐Screw Trap Monitoring 2010 Draft Report (Appendix A).
SALINAS RIVER – Salinas River Diversion Facility (SRDF)
Water Quality
Water temperature was measured at two locations in the Salinas River: at the Blanco Road
Bridge, three river miles upstream of the SRDF, and at the SRDF itself. Water temperature
measurements at the Blanco Bridge site were continuously collected from 15 April – 15 October
2010 (Figure 12). After 15 October, technical problems with the instrument led to unreliable
data. The logger was positioned at the bottom of the approximate thalweg. Over the course of
the monitoring period, temperatures gradually increased from spring to summer and gradually
decreased from summer to fall. These data were compared to the SRDF water temperatures
measured.

2010 Salinas River at Blanco Road Bridge
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Figure 12. Water temperature readings for Blanco Road Bridge. Graph includes daily maximum, mean, and
minimum trends.
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At the SRDF, a Hydrolab MS‐5 was suspended at the approximate center of the river cross‐
section. Temperature, conductivity and dissolved oxygen (DO) measurements were collected at
a depth of four feet. Instrument failure prevented continuous measurements at the SRDF until a
rebuilt sonde was deployed on 28 July 2010 (Figure 13).
Per the 401 certification, mean daily water temperature at the SRDF was not to exceed five
degrees Fahrenheit above the upstream (Blanco Bridge) site. During the comparison period
from 28 July – 15 October, the SRDF water temperature tracked closely with the Blanco Bridge
site (Figure 14). SRDF water temperature was compliant with this requirement. Dissolved
oxygen ranged from 5 – 16 mg/L (mean 9 mg/L +/‐ 2 SD), and did not fall below the lower limit
of 5 mg/L (Figure 13, (California Regional Water Quality Control Board 2007). Conductivity
values ranged from 1772 – 577 µS (mean 923 µS +/‐ 243 SD).

14
MCWRA 2010 Fisheries Report

2000

Conductivity (µS)

1500

Instrument Failure
4/15/10 ‐ 7/28/10

1000

500

7/15/10

8/15/10

9/15/10

10/15/10

7/15/10

8/15/10

9/15/10

10/15/10

7/15/10

8/15/10

9/15/10

10/15/10

6/15/10

5/15/10

18

4/15/10

0

Dissolved Oxygen (mg/L)

15
12

Instrument Failure
4/15/10 ‐ 7/28/10

9
6
3

Water Temperature (°C)

20

6/15/10

5/15/10

25

4/15/10

0

Instrument Failure
4/15/10 ‐ 7/28/10

15

6/15/10

5/15/10

4/15/10

10

Figure 13. Conductivity, dissolved oxygen, and water temperature for SRDF mid‐channel. Conductivity and
15
dissolved oxygen data points have been averaged every six hours. Water temperature includes daily
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maximum, mean, and minimum trends.
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Salinas River Daily Temperature Comparison Between Blanco
Road Bridge and SRDF Mid‐Channel
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Figure 14. Water temperature comparison between Salinas River at Blanco Road Bridge and the SRDF mid‐
channel. Graph includes mean daily data trends from both sites.

Impoundment Survey
On 16 November, 2010, MCWRA used a 30 ft by 6 ft, 3/8 inch mesh beach seine to sample the
impoundment caused by the SRDF at seven locations for a total of 13 sets (Figure 15). Bullfrog
larva (Rana catesbeiana), Sacramento sucker and threespine stickleback were the most
abundant species sampled (Figure 16). No O. mykiss were sampled.
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Figure 15. Seven locations where beach seining took place. Surface water grab samples were collected on the
Blanco Drain (orange box) and tested for chlorpyrifos and diazinon.
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Figure 16. Community richness and species abundance (n) results of 13‐pass seine effort at seven locations in
the impoundment formed by the SFDF.

SALINAS RIVER LAGOON
Upper Salinas River Lagoon (Site 5)
Water Quality
Continuous monitoring of temperature, conductivity and dissolved oxygen was logged by a
Hydrolab MS‐5 at the upper Salinas River lagoon (Highway one bridge) from 21 April – 29
November (Figure 17). Measurements were recorded one foot above the river bottom. Average
water depth at this site during the monitoring period was 11 feet. Thalweg ground surface
elevation at this site was approximately eight feet below mean sea level (NGVD 29). Measured
water quality parameters fluctuated considerably from April through June. Instrument failure
occurred from 20 June – 28 July. From 28 July through the end of the monitoring period
conductivity (mean 49,144 µS +/‐ 449 SD), dissolved oxygen (mean 0 mg/L +/‐ 0 SD) and
temperature (mean 19°C +/‐ 0 SD) stabilized. Vertical profiles at this site illustrate that the
deeper water in the thalweg at this reach became dominated by a relatively stationary solute‐
rich, oxygen‐depleted layer (Figures 19 ‐ 25). Accumulation of this water at the bottom of this
thalweg may have been affected by decreased seasonal river flows and the disconnection
between the lagoon and the Monterey Bay. Lagoon status (open or closed to the Monterey Bay)
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appears to have influenced water quality at this site. Hydrologic connectivity between the
lagoon and Bay appears to have promoted mixing and potential flushing. During periods of
hydrologic disconnection, conductivity increased and dissolved oxygen levels dropped. Periods
of disconnection may have allowed for remnant tidal water to become trapped within the
thalweg at this site.
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Upper Salinas River Lagoon 2010 (Site 5)
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Figure 17. Continuous (6 hour average) Upper Salinas River lagoon water data. Monitoring stations 1
and 5 are shown in the lagoon header image.
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Lower Salinas River Lagoon (Site 1)
Water Quality
Conductivity, dissolved oxygen (DO) and temperature were continuously monitored at the
lower Salinas River lagoon (Site 1) using a Hydrolab MS‐5 at one foot above the lagoon bed.
Data were collected 21 April ‐ 29 November (Figure 18). Conductivity and DO were measured
hourly and averaged into 6 hour intervals. Temperature was recorded hourly and daily mean,
maximum and minimum values were calculated.

21
MCWRA 2010 Fisheries Report

Lower Salinas River Lagoon Site 1 (2010)

15°C = 59°F

Figure 18. Continuous (6 hour average) Lower Salinas River lagoon water data. Stippled area indicates lagoon
open to Monterey Bay.
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Hydrologic connectivity between the lagoon and the Monterey Bay is noted in Figure 18. From
22 April – 18 July the lagoon was predominantly open to the bay and was closed from 18 July
through the end of the monitoring period. Two brief closures occurred 21 May – 23 May and 4
June – 11 June. Sea water‐level fluctuations propagating into the lagoon were observed while
the lagoon was closed to the bay.
DO values varied relatively little during 22 April – 1 July (mean 8 mg/L +/‐ 1.4 SD; range 3‐10
mg/L). From 1 July – 22 October, DO values exhibited greater variability (mean 7 mg/L +/‐ 3.3
SD; range 0 – 18 mg/L). DO variability then decreased while values gradually increased from 22
October – 29 November (mean 10 mg/L +/‐ 1.6 SD; range 5 – 14 mg/L).
Mean daily temperatures gradually increased seasonally from spring to summer and decreased
from summer to fall. The magnitude of daily temperature fluctuations was greater during 22
April – 24 July (mean 5.2 °C +/‐ 1.6 SD) than the period of 24 July – 29 November (mean 1.9°C
+/‐ 0.6 SD).
Conductivity varied considerably from April – June and was relatively constant August ‐
November. During 22 April ‐ 12 May, lower values (mean 9472 µS +/‐ 11777 SD) were
predominant. Conductivity levels were highest from 12 May – 17 July (mean 43645 µS +/‐ 6588
SD) and consistently lowest from 17 July – 29 November (mean 5993 µS +/‐ 8977 SD).
Water quality at the lower lagoon appears to be influenced by seasonal and tidal effects.
Depth Profiles (Sites 1 – 7)
From 20 April ‐ 30 November, 2010, water quality parameters were measured at eight locations
in the Salinas Lagoon (Figures 19 – 26). The eight lagoon monitoring stations were distributed
between river mile 0 (the river mouth) and river mile 3 (Figures 19 ‐ 26 – header image). A
Hydrolab MS‐5 was used to measure temperature (°C), dissolved oxygen (DO ‐ mg/L) and
electrical conductance (conductivity ‐ µS). Generally, conductivity is proportional to ionic
concentrations in aquatic systems and is frequently used as a surrogate for salinity
measurements (ocean water is approximately 55,000 µs) (Wetzel 2001). Measurements were
taken at one foot depth intervals, starting at the surface (0 feet) and ending at the lagoon bed.
A Secchi disc, which is frequently used as a proxy for suspended solids, was used to measure
water clarity at each site (Secchi depth was not measured on 29 June).
20 April (Figure 19): the lagoon was open to the Monterey Bay. DO and conductivity
stratification was observed at Site 1, while all other sites upstream of Site 1 showed no signs of
vertical stratification. With the exception of Site 1, where conductivity measurements suggest
the presence of tidal ocean water at depth, DO concentrations were observed at or close to
saturation with water temperature. Temperature ranged from 18 to 19°C and Secchi depth
23
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ranged from 1.0 to 1.3 feet, which indicated high total suspended solids and suggested high
rates of primary production.
15 May (Figure 20): the lagoon was open to the Monterey Bay and had been influenced by tidal
oscillations. Vertical stratification occurred two feet below the surface at all of the sites, except
2 (the shallowest site sampled on 15 May) and 7 (the furthest upstream site and probably last
affected by invading ocean water). Conductivity measurements approached 50,000 µs, which
suggested that the bottom layer was ocean water. Thus, hereafter the stratified transition zone
is referred to as a halocline. DO declined below the halocline. Temperature ranged from 15 to
18°C and Secchi depth ranged from 2.5 to >3 feet (bottom).
29 June (Figure 21): the lagoon was open to the Monterey Bay. The lagoon had been
influenced by tidal oscillations and vertical stratification was observed at all sites, for all
parameters. DO concentration gradually decreased as depth increased below a halocline.
Conductivity measurements indicated the presence of sea water. Temperature ranged from
17°C near the river mouth to 24°C at site 7. Secchi depth was not measured on this date.
28 July (Figure 22): the lagoon was closed to the Monterey Bay. With the exception of Site 2,
vertical stratification was observed at all of the sites, for all parameters. DO concentrations
decreased precipitously as depth increased below the halocline and was anoxic just below the
halocline (Sites 5 and 6), which is different from 29 June. DO rose to approximately 20 mg/L in
the upper water strata at sites 1 – 5. Temperature ranged from 19°C near the river mouth to
24°C below the halocline at site 7. Secchi depth ranged from 2.5 to >3 feet (bottom). Clarity
was higher at the upstream monitoring locations, 1.8 feet at site 1 and 3.4 feet at site 7.
31 August (Figure 23): the lagoon was closed to the Monterey Bay. DO concentration at sites 1
– 5 decreased to similar levels observed before 28 July. Vertical stratification had disappeared
at sites 1 – 4 and 7. DO concentration became anoxic at the halocline. Temperature ranged
from 18°C near the river mouth to 23°C in the transition zone of the halocline at site 6. Clarity
was higher at the upstream monitoring locations, 1.0 foot at site 1 and 4.0 feet at site 7.
23 September (Figure 24): the lagoon was closed to the Monterey Bay. Sites 1 – 4 and 7
showed no signs of stratification, while sites 5 and 6 remained stratified and anoxic at the
halocline. Temperature ranged from 19°C near the river mouth to 22°C in the transition zone of
the halocline at site 6. Clarity was higher at the upstream monitoring locations, 1.3 feet at site
1 and 4.5 feet at site 7.
14 October (Figure 25): the lagoon was closed to the Monterey Bay. Sites 1 – 4 and 7 showed
no signs of stratification, while sites 5 and 6 remained stratified and anoxic at the halocline.
However, DO rose sharply on the shallow side of the halocline at site 6 (5 and 6 feet deep),
before it became anoxic. Temperature ranged from 19°C near the river mouth to 22°C in the
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transition zone of the halocline at site 6. Clarity was higher at the upstream monitoring
locations, 3.0 feet at site 3 and 4.5 feet at site 6.
30 November (Figure 26): the lagoon was closed to the Monterey Bay. The halocline remained
in place and water quality remained unchanged at sites 5 and 6, below the halocline. Above the
halocline, water temperatures decreased and DO increased at all of the sites.

25
MCWRA 2010 Fisheries Report

Site 1

5

°C)
mg/L)

10

15

Site 1.5
20

0

0

0

2

2
Depth (feet)

Depth (feet)

0

Temperature (
Dissolved Oxygen (

4
Lagoon Bed
6

5

4

°C)
mg/L)

10

15

20

6000

8000

Lagoon Bed

6

8

8

10

10

Site 2
0

Site 3
0

2

2

4

Temperature (
Dissolved Oxygen (

4

Lagoon Bed

Lagoon Bed
6

6

8

8

10

10

Site 4
0

Site 5
0

2

2
4

4
6

6

8

8

10

10

Lagoon Bed

Site 6
0

Site 7
0

2

2
Depth (feet)

Depth (feet)

Lagoon Bed

4
6

4
6
Lagoon Bed

8

8
Lagoon Bed

10

10
0

2000

4000

Conductivity (

6000

8000

0

2000

µS)

4000

Conductivity (

µS)

Figure 19. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis), conductivity (lower X‐axis), and Secchi depth profiles were measured on 4/20/2010 at each of the
locations (sites 1 – 7) when the Salinas River Lagoon was open to the Monterey Bay.
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Figure 20. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis), conductivity (lower X‐axis), and Secchi depth profiles were measured on 5/14/2010 at each of the
locations (sites 1 – 7) when the Salinas River Lagoon was open to the Monterey Bay.
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Figure 21. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis) and conductivity (lower X‐axis), were measured on 6/29/2010 at each of the locations (sites 1 – 7)
when the Salinas River Lagoon was open to the Monterey Bay.
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Figure 22. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis), conductivity (lower X‐axis), and Secchi depth profiles were measured on 7/28/2010 at each of the
locations (sites 1 – 7) when the Salinas River Lagoon was closed to the Monterey Bay.
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Figure 23. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis), conductivity (lower X‐axis), and Secchi depth profiles were measured on 8/31/2010 at each of the
locations (sites 1 – 7) when the Salinas River Lagoon was closed to the Monterey Bay.
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Figure 24. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis), conductivity (lower X‐axis), and Secchi depth profiles were measured on 9/23/2010 at each of the
locations (sites 1 – 7) when the Salinas River Lagoon was closed to the Monterey Bay.
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Figure 25. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis), conductivity (lower X‐axis), and Secchi depth profiles were measured on 10/14/2010 at each of the
locations (sites 1 – 7) when the Salinas River Lagoon was closed to the Monterey Bay.
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Figure 26. Water quality monitoring site locations are shown in the upper image. Temperature, dissolved oxygen
(upper X‐axis), conductivity (lower X‐axis), and Secchi depth profiles were measured on 11/30/2010 at each of the
locations (sites 1 – 7) when the Salinas River Lagoon was closed to the Monterey Bay.
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Chlorpyrifos and Diazinon Sampling
Surface water grab samples were collected at Salinas Lagoon sites 1 and 5 (Figure 19 – 26,
header image). Samples were collected on seven occasions, on days when water quality
parameters were measured at one foot vertical depth intervals. Grab samples were collected in
accordance with standard methods (USGS 2006). The report limit for both diazinon and
chlorpyrifos was 10 ng/L, except in April when the report limit was 50 ng/L (MCWRA changed
the analytical laboratory it was using after the April sample event). Chlorpyrifos was not
detected in the Salinas Lagoon (Table 4). Diazinon was detected on three occasions and was
estimated on two other occasions. Detections and estimations of Diazinon were made in the
first three months of sampling.

Table 4. Diazinon and Chlorpyrifos results for the Salinas River Lagoon.

2010 Salinas River Lower Lagoon
Sample Date
4/20/2010
5/10/2010
6/29/2010
7/28/2010
8/31/2010
9/30/2010
10/14/2010

Diazinon
(ng/L)

Chlorpyrifos
(ng/L)

23 J
98.2
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

2010 Salinas River Lagoon at Hwy 1
Sample
Date
4/20/2010
5/10/2010
6/29/2010
7/28/2010
8/31/2010
9/30/2010
10/14/2010

Diazinon
(ng/L)

Chlorpyrifos
(ng/L)

14 J
25.2
12.0
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

J = estimated value at RL 50 ng/L
ND = non‐detection

BLANCO DRAIN
SVWP BO Term and Condition 26 states:
MCWRA shall begin creating a vegetated treatment system within Blanco Drain prior to
the completion of SRDF construction activities. Prior to creating the vegetated treatment
system, MCWRA shall provide to NMFS the specific design and the specific location for the
vegetated channel sections. The purpose of this Term and Condition is to have the treatment
implemented before the SVWP is operating. In the event that the vegetated treatment is
inadequate to reduce diazinon and chlorpyrifos, MCWRA shall implement other measures, as
described in their January 27, 2006, errata, prior to April 1 of the following irrigation season.
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Chlorpyrifos and Diazinon Sampling
The Monitoring plan states:
Chlorpyrifos & Diazinon
MCWRA will monitor for diazinon and chlorpyrifos (organophosphate pesticides) concentrations
in the surface water at the following locations and frequencies:
(1) Blanco Drain discharge to the Salinas River no less than four times during the
SRDF operating season (once in April, June, August and October). The monitoring
location will be upstream of the point the Blanco Drain discharges into the
Salinas River.

MCWRA began monthly sampling the surface water of Blanco Drain for diazinon and
chlorpyrifos in April 2010 and continued through October 2010 (Figure 15). The installation of
the vegetated treatment was delayed until July 14, 2010 so the April, May and June sampling
occurred in only one location. Beginning in July and continuing through October, samples were
taken above and below the vegetated treatment (Figure 27).
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Figure 27. Diazinon and Chlorpyrifos results for monthly sampling in the Blanco Drain. Non‐detections (ND)
are graphed as 0 ng/L.

36
MCWRA 2010 Fisheries Report

RECCOMENDATIONS
Rotary‐screw traps
Two hundred forty five O. mykiss were captured by the RST deployed on the Arroyo Seco River
in 2010 (Appendix A). Using a percentage of the river flow sampled by the RSTs, 480 juvenile O.
mykiss were estimated to have passed the RST during the sampling period. There is the
potential that estimates derived from percent flow underestimate the population; thereby,
giving the appearance that the anadromous steelhead population is less abundant than it truly
is. As a result, this scenario could potentially lead to inaccurate conclusions concerning the
relationships between outmigration abundance and environmental variables and result in
unnecessary management restrictions.
A more accurate way to convert raw catch data to estimates of total O. mykiss production
would be to test the efficiency of an RST (Thedinga, Murphy et al. 1994; U.S. Fish and Wildlife
Service 2008). In 2011 and subsequent years, the MCWRA and its contractors will use jet‐
injection of alcian blue dye or a similar dye to place a small mark on the caudal fin of juvenile O.
mykiss captured by an RST. Marked fish will be given time to recover and then released
approximately a half mile upstream of the RST. The efficiency of the RST will be measured by
the proportion of marked fish recaptured by the RST. The ink marks are preferred over other
marking methods because the ink marks are effectively retained (but not permanent), nontoxic,
nonirritating, they do not affect mortality or growth of the fish, and can be used rapidly with
minimal training and equipment (John F. Thedinga 1997).
Hydrolab Redeployment
The DRAFT Salinas Valley Water Project (SVWP) Monitoring Program for South‐Central
California Coast Steelhead Trout states (2010), “DO [temperature and conductivity] will be
measured at a point approximately one foot off the bottom,” at a point near the Highway 1
Bridge, in the Salinas River Lagoon. The MCWRA followed the aforementioned programmatic
details in 2010 sampling season. The results from the first year of sampling show a dense layer
of highly conductive water at site 5. After 20 April 2010, ocean water likely settled on the
bottom of the lagoon at site 5 and became very stratified. The stratified layer of bottom water
did not mix with the overlying water and became anoxic for the remainder of the sampling
season, thus incapable of supporting aerobic organisms, including fish. For this reason, the
MCWRA recommends that the data sonde be redeployed at an elevation that will continuously
monitor water conditions most likely to be found in the overlaying, aerobic strata of water. The
MCWRA will continue to measure water quality parameters at one‐foot, vertical intervals on a
monthly basis.
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Introduction
The Salinas River Basin consists of the Salinas River mainstem, several major tributaries (Arroyo Seco,
Nacimiento, and San Antonio Rivers), and numerous other smaller tributaries (Huerhuero Creek, Estrella
River, Big Sandy Creek, Pancho Rico Creek, San Lorenzo Creek, Chalone Creek, Chualar Creek, and
Gabilan Creek). Dams are located on the Nacimiento, San Antonio, and Salinas rivers, which influence
the hydrology and accessibility of anadromous salmonid spawning and rearing habitat in the basin.
The Salinas River Basin contains a large assemblage of native fish species, which are considered to be
uniquely adapted to the varying climatic conditions that they encounter in the region. Although there is
no current migration link with the Sacramento/San Joaquin River watersheds, it is believed that the
assemblage of native fishes in the Salinas River Basin originated from the Central Valley (Snyder 1913;
Moyle 2002; Casagrande et al. 2003). Fish species in the basin cope with harsh environmental conditions
resulting from both natural and anthropogenic elements. In particular, anthropogenic land use changes
from intensive agriculture and urbanization has led to channelization of the river, fish passage barriers,
loss of riparian habitat, and the introduction of non‐native species (Casagrande et al. 2003).
According to Casagrande et al. (2003), the Salinas River Basin historically supported runs of steelhead
and possibly Chinook salmon but now supports only “a small, probably declining run of steelhead.” This
population of steelhead is within the federally threatened South‐Central California Coast (SCCC)
Steelhead Evolutionary Significant Unit (NMFS 1997). Limited life‐history information and unknown
abundance inhibit the ability to properly manage this population. Concerns regarding the decline of the
Salinas River Basin steelhead population include, but are not limited to, the following stressors: flow‐
related passage barriers, low summer base flows, water temperatures, toxic contamination, and loss of
habitat due to degraded estuarine habitat and channelization.
Groundwater supplies the majority of the agricultural water needs in the Salinas Valley. Seawater
intrusion has increasingly become a problem due to an imbalanced rate of groundwater withdrawal and
recharge; resulting in 27,600 acres of land underlain by seawater intrusion by 2007. These overdraft
conditions have allowed seawater from the Monterey Bay to intrude approximately seven miles in the
180 foot deep aquifer and approximately two miles in the 400 foot deep aquifer (Tom Skilles pers.
comm.). Operations at the Nacimiento and San Antonio Dams began in 1957 and 1967, respectively, and
the 700,000 acre‐feet (AF) of storage created by the dams is used to recharge the aquifer during the dry
summer months (‘conservation periods’) to prevent seawater from moving further inland.
In 2002, the Monterey County Water Resources Agency (MCWRA) developed the Salinas Valley Water
Project (SVWP) in an effort to reduce the 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 the
construction of the Salinas River Diversion Facility (SRDF). During evaluation of potential environmental
impacts, MCWRA developed a Flow Prescription to minimize impacts to SCCC steelhead and their critical
habitat. This Flow Prescription relies on triggers based on a combination of reservoir conditions and
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stream flow to initiate and provide fish passage flows in the spring that facilitate the downstream
migration of steelhead smolts. Releases made to provide steelhead passage flows are referred to as
“block flows.”
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 smolt outmigration
monitoring be conducted at several locations within the basin during block flows to confirm the
adequacy of block flow releases. Upon initiation of an outmigration monitoring program, monitoring is
to be conducted for a minimum of 10 years, unless NMFS and MCWRA mutually agree to an alternative
time frame.
In 2010, FISHBIO, on behalf of MCWRA, developed and implemented a Smolt Outmigration Monitoring
Program (Program) to begin fulfilling this commitment. The Program examines the abundance and
characteristics of downstream migrating steelhead smolts by operating rotary screw traps (RST) at three
specific locations in the Salinas. The objectives of this Program were developed in coordination with
NMFS and are as follows:
¾ Determine the abundance of Salinas River Basin downstream migrating steelhead smolts.
¾ Determine the contribution of the Nacimiento River, Arroyo Seco River, and Salinas River
steelhead smolt abundances to the overall Salinas River Basin abundance.
¾ Characterize the migration timing of steelhead smolts in the Salinas River, Nacimiento River,
and Arroyo Seco River, and evaluate potential relationships with environmental factors.

Study Area
General Salinas River Basin Overview
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 watershed below Salinas Dam
(created in 1941) is 154 miles long. Major tributaries include the Nacimiento, San Antonio, and the
Arroyo Seco rivers. Of these, the Arroyo Seco River remains unregulated (i.e., no dam), while the other
two rivers are regulated by the Nacimiento Dam (Nacimiento river miles [RM] 10; created in 1957) and
San Antonio Dam (San Antonio RM 8; created in 1967), respectively. Since the completion of all three
dams, the hydrology of the Salinas River Watershed has been substantially altered and accessibility of
anadromous salmonid spawning and rearing habitat has been reduced.
All three tributaries flow approximately parallel to each other in a southeast direction with the
Nacimiento River being the furthest upstream on the Salinas River (confluence with the mainstem at RM
108.5), followed closely by San Antonio River (confluence with the mainstem at RM 104.5), and the
Arroyo Seco being the furthest downstream (confluence with the mainstem at RM 50) (Figure 1).
Historically, these
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Figure 1. Map of the Salinas Basin with key points of interest.
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three tributaries were the “principal [steelhead] spawning areas and comprised some of the best
spawning and rearing habitats in the watershed (Snyder 1913, Titus et al. 2002, Good et al.
2005)”(NMFS 2007). Further, 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).
RST sampling sites were limited to locations in the Salinas River mainstem, Nacimiento River, and Arroyo
Seco River where there was a potential for steelhead spawning and rearing to occur upstream of each
site. Additional information regarding these rivers is provided below.
Salinas River. The Salinas River flows northwest through the Salinas Valley and drains a watershed of
about 4,780 square miles. The Salinas Reservoir (a.k.a., Santa Margarita Lake), created by Salinas Dam
(RM 154), captures water from a 112 square mile watershed and can currently store up to 23,843 acre‐
feet. The Salinas Dam is operated so that a “live stream” is maintained in the lower river from the dam
to the confluence with the Nacimiento River, which is about 46 river miles downstream. NMFS (2007)
indicated that steelhead potentially occur in extremely low numbers in the upper Salinas River
watershed above the Nacimiento River. The 14 river miles immediately below the Salinas Dam consists
of riffle/run/pool sections with moderate gradient that flows through a narrow canyon. The substrate in
this section is variable with bedrock and large boulders dominating in some areas with intermixed sand
and gravel and the canopy consists of large sycamore, willow, and alder. The mainstem Salinas River
below this reach is a low gradient sand bed stream with exposed banks and rarely exceeds 2½ feet in
depth. The river meanders through the sand creating a braided channel in many places. The lower
Salinas River generally does not have suitable spawning or rearing habitat; therefore, it is primarily
viewed as a migration corridor. However, low stream flows in the Salinas River result in areas that may
be too shallow for fish passage.
Nacimiento River. The Nacimiento River originates from the eastside of the Coastal Mountain Range
and flows eastward to meet the Salinas River near RM 108. It is about 50 miles long and drains a
watershed of about 380 square miles. The Nacimiento Dam, which forms the Nacimiento Reservoir, is
located at RM 10. The dam blocks passage to nearly the entire suitable steelhead spawning and rearing
habitat in the river. The lower Nacimiento River that is accessible to steelhead consists of a low gradient
channel and long, wide sections with sparse riparian vegetation. Typical substrate consists of gravel with
lesser amounts of sand and cobble. Water temperatures in the reach below the dam are highly variable
and are dependent on fluctuations in daily air temperature, and reservoir storage and releases. Water
released from the dam is generally between 52°F and 54°F and is generally maintained at less than 64°F
within 5 miles of the dam and 68 °F or less within 10 miles of the dam during summer conservation
releases, but can warm to as much as as 73°F within 5 miles of the dam and 75°F within 10 miles of the
dam during minimum flow releases (25‐30 cfs)(NMFS 2007).
Historically, the Nacimiento River was “one of, if not the largest, salmonid producing tributaries within
the Salinas River Basin prior to the construction of Nacimiento Dam” (Snyder 1913 and Titus 2001, as
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cited by Casagrande et al. 2003). A rainbow trout stocking program was conducted since about 1963 to
2009 and recent otolith studies of 40 O. mykiss captured at Camp Roberts indicate that many (i.e., 70%)
were hatchery‐produced (Donohoe 2007); this stocking program was discontinued in 2010 (CDFG 2010).
Due to the presence of potential spawning areas and many deep pools, there is some potential for the
Nacimiento River to support steelhead. However, through at least 2003, there had been no recent
observations of successful steelhead or rainbow trout spawning (Casagrande et al. 2003).
Arroyo Seco River. The Arroyo Seco River originates from the Santa Lucia Range and confluences with
the Salinas River (RM 50) near the city of Greenfield. The mainstem of the Arroyo Seco River consists of
about 37 miles; however, there are numerous smaller tributaries in the headwaters and the watershed
as a whole drains approximately 303 square miles. The upper Arroyo Seco River habitat is relatively
pristine with much of the headwaters located in undeveloped national forest and wilderness area lands.
As the river flows out into the Salinas Valley, it travels across very porous gravel and sand; whereby,
several reports note that the river actually flows subterranean. The Arroyo Seco River contains the most
important remaining steelhead habitat in the Salinas Basin (i.e., majority of spawning habitat and half of
the rearing habitat) and it is closer to the ocean; therefore, it is more accessible and “is likely the
primary reason the anadromous form of O. mykiss persists in the Salinas River watershed” (NMFS 2007).
In addition, the Arroyo Seco has a self‐sustaining wild rainbow trout population in its headwaters and
tributaries but it is currently not clear whether this population is genetically similar to, or different than
the steelhead population below the dam. It is noteworthy that the Arroyo Seco steelhead population is
potentially responsible for the sustainability of the Salinas River Basin steelhead population as a whole.

Methods
Trapping Configuration
Rotary screw traps (RST; E. G. Solutions, Eugene, Oregon) were installed and operated on the Salinas
River at RM 109 (Figure 2), Nacimiento River at RM 0.5 (Figure 3), and Arroyo Seco River at RM 14
(Figure 4). RSTs are commonly used for sampling migrating salmonids, and consist of a funnel‐shaped
core suspended between two pontoons. RSTs are positioned in the current so that water enters the
mouth of the funnel and strikes the internal “Archimedes” screw, causing the funnel to rotate. As the
funnel rotates, fish are trapped in pockets of water and forced rearward into a livebox, where they
remain until they are removed, identified, measured, and released in the river downstream of the trap
(i.e., processed) by technicians. For all three locations, RSTs were positioned in the thalweg of the river
channel where water velocities were greatest (Thedinga et. al. 1994).
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Figure 2. FISHBIO staff processing the livebox of a 5‐ft rotary screw trap on the Salinas River (RM 109) at flows of
242 cfs (Salinas River gage near Bradley, USGS 11150500), May 20, 2010. Photo source: FISHBIO.

Figure 3. An 8‐ft diameter rotary screw trap with flow diversion panels on the Nacimiento River (RM 0.5 RM) at
flows of 26 cfs (Nacimiento River gage near Bradley, USGS 11149400), March 14, 2010. Photo Source: FISHBIO.
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Figure 4. FISHBIO staff processing the livebox of an 8‐ft diameter rotary screw trap on the Arroyo Seco River (RM
14) at flows of 374 cfs (Arroyo Seco River gage near Soledad, USGS 11152000), March 19, 2010.

A single 5‐ft (funnel diameter) RST was installed on the Salinas River at RM 109 and approximately 0.5
miles upstream from the confluence of the Nacimiento River. The trap was positioned and secured in
place by one 50 lb plow style anchor (Delta Fast‐Set model, Lewmar, Havant, UK) fastened to the trap
with 3/8 inch stainless steel cable. A yolk‐style cabling system was used resembling a “Y” shape;
whereby, each end of the yoke was attached to the front of a pontoon on the trap and the opposite end
of the yolk fastened to a leader cable, fastened to the anchor. The trap was re‐positioned twice within
the varying braided channels as decreasing flows warranted. The various trap placements were never
farther than 100 yards from the original location.
A single 8‐ft (funnel diameter) RST was installed on the Nacimiento River at approximately RM 0.5,
downstream of a Camp Roberts (United States National Guard Training Facility) river forging point. The
trap was positioned and secured using the same cabling and “yoke” system as the Salinas River RST,
except the cabling system was fastened to cable that was wrapped around a tree. Similar to Sonke and
Palmer (2010), flow deflection structures were constructed and strategically placed in the river during
lower flow periods in order to divert more water towards the trap, thereby increasing velocity into the
funnel for optimal functioning of the trap. The “deflector” was constructed of three 4 feet x 8 feet
sheets of plywood fastened to t‐posts that were set in the substrate at an angle to the flow (Figure 3).
A single 8‐ft (funnel diameter) RST was installed on the Arroyo Seco River at RM 14 approximately four
river miles upstream of the Elm Av. Bridge (also referred to as the Green Bridge). The trap was
positioned in place by a 3/8 inch overhead cable strung between two large trees on opposing banks.
Leader cables on a pulley system were attached to the front of the pontoons and were used to correctly
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position the trap. A similar pulley system has been used on the Tuolumne River (Palmer and Sonke
2010).
As a safety precaution, signage was posted at each trap to inform river users of the inherent danger of
the RSTs. Signs were strategically placed to warn people of drowning danger and potential damage to
private property, as well as to direct boater traffic to pass safely. Flashing lights and flagging were placed
on the traps and along the cabling to increase visibility.
Trap Monitoring
Each trap was checked at least once per day throughout the sampling period (March 12‐ May 28),
typically in the morning hours. Additional trap checks were conducted as necessary (e.g., high debris
loads). We followed the United State Fish and Wildlife Service (USFWS) RST protocols and safe fish
handling procedures (USFWS 2008). Tricaine‐S (Western Chemical Brand, Ferndale, WA) was used to
anesthetize fish for safe handling. During each trap check, the contents of the livebox were removed and
all fish were identified and counted. All salmonids and up to 20 of each non‐salmonid species were
measured for length, and salmonids were given a smoltification rating (Appendix 1). Juvenile O. mykiss
were considered young‐of‐the‐year (YOY) if they were under 100 mm FL and were considered one year‐
old or older (Age 1+) if there were between 100 and 299 mm FL. Weights (to nearest tenth of a gram)
were taken from all O. mykiss and up to 20 non‐salmonids each week using a scale (Navigator model,
Ohaus, Pine Brook, NJ). After handling, fish were placed in a container with freshwater and allowed to
recover prior to release downstream of the trapping location.
Daily catch were identified by 24‐hour sampling periods in which all the catch subsequent to a morning
check one day is added to the catch from the morning check on the following day. For example, the daily
catch for O. mykiss on April 10 is the sum of all of the O. mykiss captured during the morning check on
April 10 and the O. mykiss captured during any checks that occurred since the morning check on April 9.
Based on years of conducting salmonid trapping during normal flow and turbidity conditions, the
overwhelming majority of trap catches occur during darkness or the low light immediately prior to or
following darkness.
Trap Function
Subsequent to each trap check, after all fish were measured and released, traps were cleaned and
maintained for proper function. Trap function was determined based on three measurements: 1) the
instantaneous water velocity using a Flow Probe (Global Water, Model FP101, Gold River, CA) in front of
the trap funnel, 2) the number of rotations the funnel made in a 24 hour period, and 3) the average time
it took the funnel to make one revolution (obtained from three timed revolutions). In particular, these
measurements can provide information regarding correct positioning of the trap, and in the event that it
prematurely stopped (e.g., log jam), how long a trap sampled prior to stopping.
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Environmental Variables
Environmental variables were measured daily. Instantaneous turbidity was measured in Nephelometric
Turbidity Units (NTU) using a turbidity meter (LaMotte, Model 2020e, Chestertown, Maryland).
Instantaneous water temperature and dissolved oxygen (DO) were recorded using a DO meter (Exstick II
model DO600, Extech Instruments Corporation, Waltham, MA), and instantaneous conductivity was
recorded using an conductivity meter (ExStik II model EC500, Extech Instruments Corporation, Waltham,
MA ). Daily average water temperature was calculated from hourly water temperature data that was
logged using a submersible data logger (Hobo Water Temp Pro V2, Onset Computer Corporation,
Pocasset, MA). Average daily flow data was downloaded from U. S. Geological Survey (USGS) gauging
stations, including Arroyo Seco near Soledad (USGS 11152000), Salinas River near Bradley (USGS
11150500), and Nacimiento River below Nacimiento Dam near Bradley (USGS 11149400).
Abundance Estimate
No RST can sample 100% of the water column; therefore, only a proportion of the total number of
downstream migrants is captured. Many factors can affect the proportion of fish captured including,
changing stream flows, turbidity, fish size, behavior, and species. Flow is the primary factor effecting
salmonid trap efficiencies, and at higher flows, traps are sampling a smaller proportion of the water
passing down stream (changing the efficiency of the trap). Trap efficiency tests were not conducted at
the three traps; therefore, precise estimates of the total number of juvenile salmonid migrants could
not be calculated. Nonetheless, an estimate of O. mykiss relative abundance was calculated by
expanding the daily number of fish captured by the estimated percentage of daily flow sampled through
the trap. The proportion of flow sampled through the trap was calculated for each day, as follows:

proportion of

⎛
r2 ⎞
Vd ⎜π * ⎟
2⎠
⎝
flow =
Fd

where, Vd is the daily velocity measured at the mouth of the trap, r is the radius of the trap, and Fd is the
average daily flow measured at the respective USGS gauging station. To calculate the daily expanded
number of fish captured (Ne), the number of fish caught during a 24‐hour period is divided by the
proportion of flow sampled in the 24‐hour period. For the purposes of this report, abundance is defined
as the estimated number of fish that passed the trapping site during the season as calculated by the
daily expanded number of fish captured.
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Results
Salinas River RST
Oncorhynchus mykiss‐Salinas River
The Salinas River RST was installed on March 12, 2010, and sampling was initiated immediately
thereafter. The trap sampled continuously until it was removed on May 28, 2010; removal was done two
days earlier than other RSTs because flows decreased to a level that limited effective sampling. Only two
YOY O. mykiss were captured during the 2010 season: one on May 16 (65 mm; 2.7 g) and one on May 18
(73 mm; 4.7 g). Due to the low number of fish captured, an abundance estimate was not generated.
Non‐salmonids‐Salinas River
A total of 13 non‐salmonid fish species were captured in the Salinas River RST during the sampling
period (Table 1). A total of 191,042 non‐salmonids were captured and 99% (n = 190,959) were native to
the Salinas Basin. Three non‐salmonid species were the most abundant, including Sacramento sucker
(Catostomus occidantalis; n = 172,109), threespine stickleback (Gasterosteus aculeatus; n = 14,985), and
speckled dace (Rhinichthys osculus; n = 3,698).
Environmental Conditions‐Salinas River
Daily average flow for the Salinas River near Bradley (USGS gaging station 11150500) ranged between
101 and 1,580 cfs (Figure 5). Daily instantaneous measurements of water temperature ranged from 50.4
to 78.7°F (Figure 6), DO ranged from 7.88 to 12.51 mg/L (Figure 7), and turbidity ranged between 0.66
NTU and 376.00 NTU (Figure 8).
Table 1. Biosampling data for non‐salmonid fish captured and measured at the Salinas River RST (RM 109),
March 12‐May 28, 2010. Parentheses indicate range. Code: NM = not measured.
Common Name (Species Name)
Bluegill sunfish (Lepomis macrochirus)
Black crappie (Pomoxis nigromaculatus)
California roach (Lavinia symmetricus)
Goldfish (Carassius auratus)
Hitch (Lavinia exilicauda)
Lamprey (Petromyzontidae sp.)
Largemouth bass (Micropterus salmoides)
Western mosquitofish (Gambusia affinis)
Prickly sculpin (Cottus asper)
Sacramento pikeminnow (Ptychochelius
grandis)
Sacramento sucker (Catostomus
occidentalis)
Speckled dace (Rhinichthys osculus)
Threespine stickleback (Gasterosteus
aculeatus)
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Native
(Y/N)
N
N
Y
N
Y
Y
N
N
Y

Total
Catch
20
26
1
5
139
7
3
27
4

Peak Daily
Catch
3
4
1
3
13
3
1
4
2

Peak Catch
Date
April 27
April 26
May 21
May 16
May 17
April 20
April 5
April 10
May 5

Length
(mm)
58 (19‐103)
95 (83‐107)
76
40 (35‐48)
84 (49‐166)
NM
90 (76‐98)
35 (26‐52)
130 (103‐164)

Y

16

4

May 12

113 (44‐140)

10,089

May 5

47 (18‐265)

425

May 16

59 (34‐89)

1,035

May 13

29 (18‐70)

Y

172,10
9
3,698

Y

14,985

Y
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Nacimiento River RST
Oncorhynchus mykiss‐Nacimiento River
The Nacimiento River RST was installed on March 12, 2010, and sampling was initiated immediately
thereafter. The trap sampled continuously until it was removed on June 1, 2010. No O. mykiss were
captured during the season; therefore, an abundance estimate was not generated.
Non‐salmonids‐Nacimiento River
A total of 15 non‐salmonid species were captured in the Nacimiento River during the sampling period
(Table 2). A total of 2,987 non‐salmonids were captured and 99% (n = 2,968) were native to the Salinas
Basin. Three non‐salmonid species were the most abundant, including Sacramento sucker (Catostomus
occidantalis; n = 1,436), lamprey (unknown sp.; n = 1,105, and hitch (Lavinia exilicauda; n = 145).
Environmental Conditions‐Nacimiento River
Daily average flow for the Nacimiento River near Bradley (USGS gauging station USGS 11149400) ranged
from 25 to 263 cfs (Figure 9). Daily instantaneous measurements of water temperature ranged between
52.1 and 68.1°F (Figure 10), DO ranged between 6.60 and 11.89 mg/L (Figure 11), and turbidity ranged
between 3.38 and 43.30 NTU (Figure 12).
Table 2. Biosampling data for non‐salmonid fish captured and measured at the Nacimiento River RST (RM 0.5),
March 12‐June 1, 2010. Parentheses indicate range. Code: NM = not measured.

Common Name (Species Name)
American shad (Alosa sapidissima)
Bluegill sunfish (Lepomis macrochirus)
Black crappie (Pomoxis nigromaculatus)
California roach (Lavinia symmetricus)
Channel catfish (Ictalurus punctatus)
Goldfish (Carassius auratus)
Hitch (Lavinia exilicauda)
Lamprey (Petromyzontidae)
Prickly sculpin (Cottus asper)
Sacramento pikeminnow (Ptychochelius
grandis)
Sacramento sucker (Catostomus
occidentalis)
Speckled dace (Rhinichthys osculus)
Threadfin shad (Dorosoma petenense)
Threespine stickleback (Gasterosteus
aculeatus)
White catfish (Ictalurus catus)
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Native
(Y/N)
N
N
N
Y
N
N
Y
Y
Y
Y

Total
Catch
1
2
10
2
2
1
145
1,105
114
41

Peak Daily
Catch
1
1
3
1
1
1
9
125
8
4

Peak Catch
Date
April 2
March 26
May 21
April 9
March 16
May 12
May 12
May 11
March 17
March 24

Length (mm)
60
143 (125‐161)
104 (76‐135)
78 (54‐101)
40 (37‐42)
247
114 (40‐235)
NM
94 (27‐190)
233 (105‐560)

Y

1,436

125

March 19

162 (18‐480)

Y
N
Y

121
2
4

8
1
1

March 17
March 23
March 22

56 (37‐83)
61 (52‐69)
46 (43‐48)

N

1

1

May 11

450
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molt Index
Parr
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u
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n
3
51
91
2
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Fo
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1.8 (1
1.2 – 2.8)
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6)
82.6 (4
40.4‐146.3)
205 (160‐275
5)
93.7 (4
40.8‐240.5)
202 (200‐204
4)
86.7 (8
83.8‐89.6)

The trap sampled
s
an estimated average 40% of the
t total flow
w (range: 12%
%‐ 63%) each day
d (Figure 15
5).
Estimated
d daily O. mykkiss abundancce ranged bettween 0 and 59 and total estimated
e
abundance for the
t
season (M
March 18 to Ju
une 1, 2010) was
w 480 (Figu
ure 16).
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The cumu
ulative estimaated O. mykisss abundance rose steadilyy from the begginning of thee sampling peeriod
through the end of April with 88% of
o the total ab
bundance reccorded occurrring prior to May
M (Figure 17).
1

O mykiss caugh
ht at the Arroyyo Seco River RST
R (RM 14), March
M
12‐ June
e 1,
Figure 14. Individual forkklengths for O.
2010.

f
sampled by
b the Arroyo Seco RST (RM 109) and river flow measured at
Figure 15. Estimated perrcent of daily flow
GS 11152000),, March 1‐ June
e 1, 2010. Note: sampling was
w initiated on
n
Arroyo Secco near Soledaad (RM 12; USG
March 18, 2010; gray shaading indicate
es no sampling.
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Figure 16. Daily estimate
ed O. mykiss abundance at the
t Arroyo Secco RST (RM 14)) and Arroyo Seco
S
River flow
w near
RM 12; USGS 11152000),
1
Maarch 1‐June 1, 2010.
2
Note: sampling was in
nitiated on March 18, 2010; gray
g
Soledad (R
shading indicates no sam
mpling.

nce at the Arro
oyo Seco RST (R
RM 14), March
h 18‐ June 1.
Figure 17. Cumulative esstimated O. myykiss abundan

Non‐salmonids‐Arroyo
o Seco River
A total of nine non‐salmonid speciees of fish weree captured in the traps during the samp
pling period (Table
4). A totall of 1,666 non
n‐salmonids were
w
captured and 99% (n = 1,645) werre native to th
he Salinas Basin.
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Three non
n‐salmonid sp
pecies were the most abun
ndant, includiing lamprey (unknown sp.; n=523), speeckled
dace (Rhin
nichthys oscu
ulus; n=418), and
a Californiaa roach (Lavin
nia symmetriccus; n=274).
Table 4. Biiosampling datta for non‐salm
monid fish cap
ptured and measured at the Arroyo Seco River
R
RST (RM 14),
1
March 18‐June 1, 2010. Parentheses
P
in
ndicate range. Note: NM = not
n measured.

Comm
mon Name (Sp
pecies Name)
Bluegill su
unfish (Lepomis macrochirus)
California roach (Laviniia symmetricuss)
Green sun
nfish (Lepomis cyanellus)
Golden shiner (Notemig
gonus
as)
crysoleuca
Lamprey (Petromyzonti
(
idae)
Sacramentto pikeminnow
w (Ptychochellius
grandis)
Sacramentto sucker (Cattostomus
occidentallis)
Smallmou
uth bass ( Micrropterus
dolomieu)
d
(Rhinichtthys osculus)
Speckled dace

Native
(Y/N)
N
Y
N
N

Daily
Catch
8
274
11
1

Peak Daily
Catch
1
17
2
1

Peak Catch
h
Date
April 10
May 9
April 18
May 28

Forklength
(mm
m)
84 (79
9‐90)
66(45‐90)
109 (37
7‐165)
102
2

Y
Y

523
226

71
14

April 6
April 6

NM
M
86 (50‐‐215)

Y

55

4

May 3

184 (25
5‐390)

N

1

1

Jun 1

78
8

Y

418

20

May 17

61 (43
3‐80)

ons‐Arroyo Seeco River
Environmental Conditio
Daily averrage flows in the Arroyo Seeco River neaar Soledad (USSGS station 11152000)
1
ranged betweeen
124 and 1,050
1
cfs (Figu
ure 13). Daily instantaneou
us measurem
ments of water temperaturre ranged between
47.4 and 61.8°F
6
(Figure
e 18), DO ranged between
n 7.03 and 11.83 mg/L (Figgure 19), and turbidity
t
rangged
between 0.46 and 241.00 NTU (Figu
ure 20).
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Figure 18. Daily estimate
ed O. mykiss abundance and
d water tempe
erature at the Arroyo
A
Seco River RST (RM 14)
1
e 2010 samplin
ng period (Marrch 18‐ June 1, 2010). Note: gray
g
shading in
ndicates no sampling.
during the

Figure 19. Daily estimate
ed O. mykiss abundance and
d instantaneou
us dissolved oxxygen at the Arroyo
A
Seco RSTT (RM
mpling period (M
March 18‐ June 1, 2010). No
ote: gray shadin
ng indicates no
o sampling.
14) during the 2010 sam

ed O. mykiss abundance and
d instantaneou
us turbidity at the Arroyo Seco RST (RM 14
4)
Figure 20. Daily estimate
e 2010 samplin
ng period (Marrch 18‐ June 1, 2010). Note: gray
g
shading in
ndicates no sampling.
during the
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Discussion
The first year of outmigration monitoring in the Salinas River Basin has established that RSTs are
effective for documenting juvenile O. mykiss downstream migration. The trap sites featured
characteristics that were essential to effectively operate the RSTs without interruption and all traps
operated continuously throughout the sampling period. Additionally, the sites provided the best
opportunity to capture migrating juvenile O. mykiss within the area of interest. Despite initial concerns
about the seasonal flow conditions at the Salinas River trap site, sampling in 2010 demonstrated that a
RST can be effectively operated at this site under low to moderate flow conditions (i.e., 15‐50 cfs). In
addition, initial concerns regarding whether flows on the Nacimiento River were high enough to be
effectively sampled by an 8‐ft diameter trap are unfounded given the trap was able to operate at flows
as low as 20 cfs.
During the sampling season, an estimated 480 O. mykiss passed by the Arroyo Seco River RST and nearly
all exhibited anadromous life history characteristics (i.e., smolt or silvery parr). The present study found
a minimum Salinas River Basin production estimate of 482 O. mykiss smolts (n=480 in Arroyo Seco; n=2
in Salinas River), and these data provide a baseline for comparison during future sampling efforts. Low
O. mykiss catch on the Nacimiento River (n=0) and the Salinas River (n=2) precluded estimates of smolt
abundance in these rivers; and indicates that the Arroyo Seco River may have contributed nearly all of
the Salinas River Basin production for the spring sampling period. This indication is congruent with
results of steelhead spawning surveys conducted about 20 years ago by Hagar (1995; as cited in
Casagrande et al. 2003), which found no redds in the lower Nacimiento River and only a few redds in the
Arroyo Seco, and with the conceptual view that the Arroyo Seco population supports a majority of the
production from the Salinas River Basin (NMFS 2007). However, in absence of multiple years of
outmigration data and complimentary redd and/or rearing density surveys, these results cannot be
verified.
Unlike Chinook salmon, which have more limited and well defined juvenile migration times, O. mykiss
are known to have protracted periods of outmigration (McEwan 2001). For instance, in the San Joaquin
River Basin (Calaveras and Stanislaus Rivers), O. mykiss have been observed migrating from November
through July with peak Age 1+ migration typically occurring from December through March and peak
YOY migration occurring from April through July (FISHBIO unpublished data). Also, migration is often
triggered by changes in flow, particularly flows associated with freshet events. Given that the majority
of O. mykiss captured this year in the Salinas River Basin were Age 1+, and that freshets occurred prior
to trap installations, it is possible that a considerable proportion of O. mykiss smolt abundance was
missed before sampling began. In combination, there is a potential that estimates derived from percent
flow calculations may have underestimated the population migrating during the sampling period;
therefore, the estimated 482 O. mykiss smolts likely represents a minimum abundance for the Salinas
River Basin.
Juvenile O. mykiss characteristics in the Arroyo Seco River during the sampling period were similar to
those observed in the San Joaquin Basin since 1993 (FISHBIO, unpublished data). As mentioned
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previously, Age 1+ fish in the Calaveras and Stanislaus Rivers were captured migrating more often during
the winter (December‐March) while YOY were captured more frequently during spring (April‐July).
Likewise, in the Salinas River Basin, the two YOY captured were caught in mid‐May. Despite sampling the
latter half of the migration period (March‐May), the great majority (97%) of the O. mykiss caught this
year in the Salinas River Basin were in the Age 1+ size class. Interestingly, in most years the majority of
O. mykiss captured on the Calaveras River have been YOY, while the majority captured on the Stanislaus
River has been Age 1+ fish (FISHBIO, unpublished data). Nonetheless, the proportions of juvenile size
classes vary by year in the San Joaquin River Basin, possibly due to differing year class strength,
indicating that future RST monitoring in the Salinas River Basin may find a range of proportions.
Although there were no apparent overall relationships between O. mykiss downstream migration timing
and water temperature, dissolved oxygen, and turbidity; it appears that small peaks in migration
occurred on the decreasing end of a peak in flow and is likely independent of the size of the peak in
flow.

Conclusion
The first year of RST sampling in the Salinas River Basin demonstrates that effective sampling can be
achieved at the selected trapping sites. Given that 2010 was a ‘wet year’ with higher rainfall compared
to the past few years, and with the Salinas River RST sampling at a minimal flow towards the end of the
sampling season, it is likely that an alternate trapping location for this RST will need to be established for
operations during dry years.
Results of the juvenile O. mykiss outmigration study indicate that the Arroyo Seco River contributed
nearly all of the Salinas River Basin production for the spring sampling period. The Arroyo Seco River
minimum abundance estimate of 480 is the best estimate that could be generated with the available
data. The method employed to estimate this number is commonly used to generate abundance
estimates from RST data in absence of trap efficiency data (Thedinga et al. 1994, Demko 2000, Sparkman
2001, Johnson 2007). Alternative and more accurate methods are available including estimates
generated based on trap efficiency tests. However, we did not conduct trap efficiency tests this year
because we did not receive authorization from NMFS who was concerned that not enough fish would be
available to recapture sufficient numbers for statistical purposes. Although daily numbers captured were
relatively low, we did capture sufficient numbers of fish for pooling data from several days that would
allow us to calculate trap efficiency estimates. The 2010 calculation of estimated smolt abundance is a
minimum for the Salinas River Basin, since it is likely that a considerable portion of O. mykiss smolts
passed the trap locations before sampling began, and there is a potential that estimates derived from
percent flow calculations underestimate the population.
Although not a strong relationship, it appears that—similar to other systems—freshets (i.e., flow pulses
resulting from rainfall events) can sometimes trigger juvenile O. mykiss to migrate downriver. No other
relationships of migration to environmental conditions were observed. However, we only sampled a
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relatively short window during the winter/spring outmigration period and we also only have one season
of data.
Similar RST outmigration studies in the Central Valley have found very high proportions of non‐native
species (FISHBIO, unpublished data). It is encouraging that these RST data indicate non‐native fishes
have not gained a similar foothold in the Salinas River Basin.

Recommendations
•

•
•

•

•
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Data collected this year provides a baseline for future years, and it is recommended that sampling
continue to establish a multi‐year dataset. Establishing multiple years of data will improve the
understanding of relationships between migration timing and environmental conditions. Similar
studies on tributaries in the Central Valley have shown that migration timing and abundance
estimates can be highly variable from year to year (FISHBIO unpublished data).
Communication should be initiated with NMFS for the selection of an alternate Salinas River RST site
that could be used in the event that flows are insufficient to operate a RST at the original location.
The sampling season should be started earlier (i.e., January or February) in order to evaluate when
O. mykiss smolts begin immigrating and what percentage of passage occurs during the winter versus
the spring. If a higher proportion of fish migrate during the spring, then there will be greater
benefits achieved by providing the prescribed block flow releases. Conversely, if a higher proportion
of fish are found to migrate during the winter, then the potential benefits, or lack thereof, of block
flow releases should be evaluated.
It is recommended that trap efficiency tests be conducted in the future to achieve the best possible
abundance estimate. Many factors can affect the proportion of migrating fish that are captured
(which can influence the results of estimates derived by percent flow calculations), including flow,
turbidity, fish size, behavior, and species. For these reasons, in order to get an accurate estimate of
the number of outmigrating fish, trap efficiency should be measured on a regular basis. While,
efficiency tests should be conducted over the entire study period, and through a range of flow and
turbidity levels, any efficiency estimates are better than none. Abundance estimates derived from
trap efficiency estimates are more reliable than those derived from percent flow calculations
because they provide greater certainty that the estimate is close to the “true” population
abundance. There is the potential that estimates derived from percent flow underestimate the
population; thereby, giving the appearance that the anadromous steelhead population is less
abundant than it truly is. As a result, this scenario could potentially lead to inaccurate conclusions
concerning the relationships between outmigration abundance and environmental variables and
result in unnecessary management restrictions.
Consultation with NMFS should be initiated to establish a monitoring strategy that can aid in a
better understanding of the survival of steelhead through the Salinas River migration corridor and to
characterize the use, if any, of the Salinas River lagoon habitat. Additional discussions should be
initiated regarding how to effectively enumerate Salinas River Basin adult steelhead as they move by
the SRDF.
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Appendix 1: Smolt Index Descriptions
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Smolt Index
1
2

Life Stage
Yolk‐sac Fry
Fry

3

Parr

4

Silvery Parr

5

Smolt

6

Adult

Criteria
‐ Newly emerged with visible yolk sac
‐ Recently emerged with sac absorbed (button up fry)
‐ Pigmentation undeveloped
‐ Darkly pigmented with distinct parr marks
‐ No silvery coloration
‐ Scales firmly set
‐ Parr marks visible but faded
‐ Intermediate degree of silvering
‐ Parr marks highly faded or absent
‐ Bright silver or nearly white coloration
‐ Scales easily shed (deciduous)
‐ Black trailing edge on caudal fin
‐ More slender body
> 300 mm FL
‐ If < 300 mm FL, must be extruding eggs or milt

www.fishbio.com

