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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, 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 (MCWRA 2005).
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 between March 15 and May
31. 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 Juvenile Outmigration
Monitoring Program (Program) to meet this requirement; the Program examines the abundance
and life history characteristics of downstream migrating steelhead smolts by operating rotary
screw traps at three specific locations in the Salinas basin. The 2014 season represents the fifth
year of monitoring at the same locations, with the following objectives, which were developed in
coordination with NMFS:
 Determine the abundance of Salinas River Basin downstream migrating steelhead smolts.
 Determine the relative contribution of the Nacimiento River, Arroyo Seco River, and
Salinas River steelhead smolt abundances to the overall Salinas River Basin abundance.
 Characterize the migration timing of steelhead smolts in the Salinas, Nacimiento, and
Arroyo Seco rivers, and evaluate potential relationships with environmental factors.

STUDY AREA
The Salinas River flows northwest through the Salinas Valley and drains a watershed of about
4,780 square miles. Major tributaries include the Nacimiento, San Antonio, and the Arroyo Seco
Rivers. Each of these rivers flows in a northeastern direction from their headwaters to their
confluence with the Salinas River, respectively. Smaller tributaries include Huerhuero Creek,
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Estrella River, Big Sandy Creek, Pancho Rico Creek, San Lorenzo Creek, Chalone Creek,
Chualar Creek, and Gabilan Creek.
The first major tributary to contribute flow to the Salinas River is 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 only a short distance downstream (confluence with the mainstem
at RM 104.5). Finally, the Arroyo Seco, the only major tributary without dams or storage
reservoirs, flows into the Salinas River at RM 50 (Figure 1). Although these three tributaries are
considered 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 as cited
by NMFS 2007), monitoring on the San Antonio is not mandated by the terms and conditions of
the Opinion (NMFS 2007). 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 that only the lower reaches of the Nacimiento and San Antonio
rivers below their respective dams are designated as critical habitat). Additional information
regarding these rivers is provided below.
Salinas River. The Salinas River is approximately 172 miles long from its headwaters in the
Santa Lucia and La Panza mountain ranges to its confluence with the ocean, and the lower 154
miles below Santa Margarita Dam (built in 1941) are potentially accessible to anadromous fish
(Figure 1). The Salinas reservoir (i.e., Santa Margarita Lake), created by Santa Margarita Dam,
captures water from a 112 square mile watershed and can currently store up to 23,843 acre-feet
of water. The 14 miles immediately below the Salinas Dam consists of moderate gradient
riffle/run/pool sections flowing through a narrow canyon flanked by a canopy of large sycamore,
willow, and alder trees. The substrate in this reach is dominated by bedrock and large boulders
with sand and gravel intermixed. In the lower 140 miles of the mainstem, the Salinas River
meanders through the sand creating braided channels in many places, and depths rarely exceed 2½ feet. This low gradient, sand-bedded section of river is considered primarily a migration
corridor, as it is not suitable for steelhead rearing.
Nacimiento River. The Nacimiento River originates on 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, 10 miles upstream of the
confluence with the Salinas River, blocks passage to nearly all suitable steelhead spawning and
rearing habitat in the river. The anadromous reach of the Nacimiento River, which runs almost
entirely on or adjacent to Camp Roberts (California National Guard post), consists of a low
gradient channel with gravel substrate and sparse riparian vegetation. Water released typically
ranges between 52 and 54°F in temperature, and generally remains cooler than 64°F within the
first 5 miles below the dam, and below 68°F within the first 10 miles of the dam. However,
under certain conditions (i.e. low summer flows during dry years) temperatures reach 73°F
within 5 miles of the dam and 75°F within 10 miles below the dam (NMFS 2007).
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A rainbow trout stocking program that was intended to improve sport-fishing opportunities was
conducted from approximately 1963 to 2009 (CDFG 2010). Analyses of otoliths from O. mykiss
captured at Camp Roberts prior to discontinuation of the stocking program indicated that the
majority of individuals (i.e., 70% of 40 individuals) were hatchery-produced (Donohoe 2007).
Due to the presence of suitable spawning habitat and many deep pools, there is some potential
for the Nacimiento River to support steelhead. Although Casagrande et al. (2003) suggest that
prior to 2003 there were no recent observations of steelhead or rainbow trout spawning in the
Nacimiento River, recent captures of juvenile O. mykiss in the Nacimiento rotary screw trap
indicate that spawning is occurring (Cuthbert et. al. 2013).
Arroyo Seco River. The Arroyo Seco River originates from the Santa Lucia Mountain Range
and flows into the Salinas River (RM 50) near the city of Greenfield. The mainstem of the
Arroyo Seco River spans about 37 miles; however, there are numerous smaller tributaries in the
headwaters, and the whole watershed drains approximately 303 square miles. Aquatic habitat in
the upper reaches of the Arroyo Seco River is relatively pristine, and much of the headwaters are
located in undeveloped national forest and wilderness area lands. As the river flows into the
Salinas Valley, it travels across very porous gravel and sand, causing most or all surface water to
percolate through the substrate and continuing as hyporheic flow during dry months (SarnaWojcicki 2009). The Arroyo Seco River contains the majority of remaining steelhead spawning
and rearing habitat in the Salinas Basin. This tributary contains the closest suitable habitat 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 unclear whether this population is genetically similar to, or different from, the
steelhead population below a waterfall (approximately RM 34).
The Salinas Basin Juvenile Downstream Migration Monitoring Program, proposes rotary screw
traps (RST) be deployed on the mainstem Salinas River, the Nacimiento River, and the Arroyo
Seco River downstream of potential steelhead spawning and rearing habitat. The 2014
monitoring period experienced critically dry conditions; whereby, flow was either disconnected
below the trapping site or nonexistent at the trapping site on the Arroyo Seco and Salinas Rivers.
These conditions were not conducive for RST deployment; therefore, MCWRA used other
methods on the Arroyo Seco and Salinas River to adequately assess juvenile production within
the basin.
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Figure 1. Map of the Salinas River Basin with key points of interest.
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METHODS
Sampling Gear and Locations
Rotary screw traps (RSTs) are commonly used to capture downstream migrating juvenile
salmonids. The traps, manufactured by E.G. Solutions in Eugene, Oregon, consist of a funnelshaped core suspended between two pontoons. The traps are positioned in the current so that
water enters the mouth of the funnel and strikes the internal screw core, causing the funnel to
rotate. As the funnel rotates, fish are trapped in pockets of water and transported 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.
A single 8-ft diameter RST was installed on the Nacimiento River at approximately RM 0.5,
downstream of the Camp Roberts river forging point (unmaintained point along the river used for
tactical river crossing practice). Similar to the previous year, the RST was positioned in the
thalweg of the river channel where water velocities were greatest (Thedinga et. al. 1994). The
trap was held 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 used to
position the trap in the thalweg. A similar pulley system has been used on the Tuolumne River
(Palmer and Sonke 2010). In order to divert more water towards the trap and increase water
velocity into the funnel for optimal functioning of the trap, flow deflection structures were
strategically placed in the river during low flow periods. Similar to previous years, the
Nacimiento RST flow deflector was constructed of a series of 4 feet x 8 feet sheets of plywood,
placed end to end extending from each pontoon to the stream bank and fastened to t-posts that
were set in the substrate at an angle to the flow (Figure 2).
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Figure 2. An 8-ft. diameter rotary screw trap on the Nacimiento River (RM 0.5).

As a safety precaution, signs were strategically placed at the trap, upstream of the trap, and
downstream of the trap 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 cable to increase visibility.
RST Monitoring Effort
The Nacimiento River RST was installed on March 15, 2014, and sampling was initiated
immediately. The trap operated continuously until May 25, 2014 when operations were
suspended due to a lack of land access on Camp Roberts Military Base on May 26, 2014.
Sampling was reinitiated on May 27, 2014 and terminated for the season on May 31, 2014;
subsequently, the trap was removed from the water on June 2, 2014. The trap was checked at
least once per day throughout the sampling periods, typically in the morning hours. Additional
trap checks were conducted as necessary; for example, during periods when heavy debris loads
might obstruct the trap. Operations were consistent with the United States Fish and Wildlife
Service (USFWS) RST protocols and safe fish handling procedures (USFWS 2008).
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 anesthetized for
safe handling using Alka-Seltzer (1:1 ratio, tablet/gallon; Bayer HealthCare, Whippany, NJ),
measured, and salmonids were assigned a smoltification rating (Appendix 1). Juvenile O. mykiss
were considered young-of-the-year (YOY) if they were smaller than 100 mm (FL), and
considered one year-old or older (Age 1+) if they measured between 100 and 299 mm FL.
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Weights (to nearest 0.1 gram) were obtained for 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.
Catches were batched by daily (~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 after 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 period immediately prior to or following darkness (FISHBIO,
unpublished data).
Monitoring Flow Measurements and Trap Speed
After all fish were measured and released, trap functionality was ascertained and the trap was
cleaned. Trap function was determined based on three measurements: 1) the instantaneous water
velocity in front of the trap funnel measured with a Flow Probe (Global Water, Model FP101,
Gold River, CA); 2) the number of rotations the funnel made in a 24 hour period; and 3) the
average time it took the funnel to complete one revolution (averaged 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 the
trap sampled prior to stopping.
Monitoring River Temperature, Relative Turbidity, and Dissolved Oxygen
Environmental variables were measured daily coincident with trap checks. 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 a
conductivity meter (ExStik II model EC500, Extech Instruments Corporation, Waltham, MA).
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). Average daily flow data was downloaded from U. S. Geological Survey (USGS),
including Arroyo Seco near Soledad (USGS 11152000), Salinas River near Bradley (USGS
11150500), Salinas River at Paso Robles (USGS 11147500), and Nacimiento River below
Nacimiento Dam near Bradley (USGS 11149400).

Salinas Basin Juvenile O. mykiss Outmigration Monitoring – 2014 Annual Report

7

RESULTS
Oncorhynchus mykiss catch
Between March 15, 2014 and May 31, 2014, seven O. mykiss were captured, including six YOY
and one Age 1+ (Table 1). The single Age 1+ captured in late March and YOY during late may
were observed following two small increases in flow by the approximate magnitude of 5 cfs and
10 cfs, respectively (Figure 3). YOY were determined to be unique individuals based on size and
morphology (Figure 4)
Table 1. Average forklengths and weights of O. mykiss captured at the Nacimiento Rotary Screw Trap between March 15 and May 31,
2014.

Age Class
YOY (<100 mm)
Age 1+ (100-299 mm)

Smolt Index

n

Fry
Parr
Smolt

2
4
1

Average
Forklength (mm)
Weight (g)
39 (38-39)
0.7 (0.6-0.8)
50 (46-55)
1.2 (0.9-1.6)
266
184.7

Figure 3. Individual forklengths (mm) of O. mykiss captured in the Nacimiento River rotary screw trap, daily average flow recorded near
Bradley (RM 1; USGS 11149400), daily average water temperature recorded at the trap, and instantaneous temperature measured at the
trap, March 15 - May 31, 2014.
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Figure 4. Juvenile O. mykiss (YOY) captured at the Nacimiento rotary screw trap during spring 2014.

Non-salmonid catch
A total of 467 non-salmonids, comprised of 10 different species, were captured in the
Nacimiento River during the sampling period (Table 2). Only one individual was captured during
2014 of a species not native to the Salinas Basin (unidentified black bass, Micropterus sp.).
Sacramento sucker (n=173) and Sacramento pikeminnow (n= 102) were the most abundant
species represented in the trap catch, as well as, unidentified species of lamprey predominately
identified as ammocoetes that are difficult to identify to species without sacrificing the organism.
Table 2. Summary of non-salmonid fish captured and measured at the Nacimiento River rotary screw trap (RM 0.5), March 15-May 31,
2014. Parentheses indicate size range. Asterisk indicates that total- length (rather than fork length) was measured.

Common Name (Species Name)
California Roach (Lavinia symmetricus)
Hardhead (Mylopharodon conocephalus)
Hitch (Lavinia exilicauda)
Prickly sculpin (Cottus asper)
Sacramento pikeminnow (Ptychocheilus grandis)
Sacramento sucker (Catostomus occidentalis)
Speckled dace (Rhinichthys osculus)
Threespine stickleback (Gasterosteus aculeatus)
Unidentified black bass (Micropterus spp.)
Unidentified lamprey (Petromyzontidae spp.)

Native
(Y/N)
Y
Y
Y
Y
Y
Y
Y
Y
N
Y

Total
Catch
7
6
16
4
102
177
33
7
1
120

Peak Daily
Catch
2
3
4
1
13
7
3
1
1
9

Peak Catch
Date
3/17/14
3/21/14
5/13/14
3/17/14
3/25/14
5/2/14
4/26/14
4/17/14

Fork length (mm)
72 (56-82)
94 (69-125)
94 (57-152)
111 (93-123)*
99 (42-625)
101 (19-508)
56 (45-65)
45 (37-55)*
48
-

Environmental Factors
Daily average flow in the Nacimiento River near Bradley (USGS gauging station USGS
11149400) ranged from 60 cfs to 69 cfs, peaking on May 15. Daily instantaneous water
temperature measured at the trap ranged between 52.5°F and 66.5°F, and daily average water
temperature recorded at the trap ranged between 55.9°F and 69.4°F (Figure 4). Daily
instantaneous turbidity at the Nacimiento trap ranged from 1.28 NTU to 6.34 NTU, and daily
instantaneous DO varied between 8.23 mg/L and 12.34 mg/L (Figure 6).
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As described above, trapping was not conducted in the Salinas or Arroyo Seco Rivers during
2014, due to flows that were too low for trap operation. Daily average flow in the Salinas River
at Paso Robles (RM 116) ranged between 0 cfs and 1 cfs with zero flow recorded for all but one
day during the monitoring period; therefore daily average water temperature at RM 109 where
the Salinas River trap was located in previous years was not attainable (Figure 7). Daily average
flow in the Arroyo Seco River near Soledad ranged between 6 cfs and 97 cfs, and daily average
water temperature at RM 14 where the trap operated in previous years ranged from 53.9°F to
74.0°F (Figure 8).

Figure 5. Nacimiento River instantaneous turbidity (NTU’s) and dissolved oxygen (mg/L) measured at the trap between March 15 and
May 31, 2014.
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Figure 6. Salinas River daily average flow recorded near Paso Robles (RM 116; USGS 11147500) and Spreckels (RM 11; USGS
11152500), March 15 - May 31, 2014.

Figure 7. Arroyo Seco River Daily average flow near Soledad (RM 12; USGS 11152000) and near Reliz (RM 1; USGS 11152050), and
daily average water temperature at the Arroyo Seco River rotary screw trap site (RM 14) during the 2014 sampling period (March 15 May 31, 2014).
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DISCUSSION
Similar to 2013, precipitation in 2014 was far below average (critically dry water year), which
precluded operation of the Salinas River and Arroyo Seco RST’s. Since the Arroyo Seco did not
connect to the Salinas River and the Salinas River did not connect to the Salinas River lagoon
during the entire RST monitoring period, there were no opportunities for the downstream
migration of juvenile Steelhead to the lagoon nor out to the ocean. The Arroyo Seco has the best
spawning, rearing, and migration habitat in the entire Salinas Basin; between 2010 and 2012 the
Arroyo Seco produced more smolts than the Nacimiento or Salinas, which suggests that the dry
conditions are likely to result in a decrease in overall juvenile abundance in the basin (Table 3).
However, it is still unclear as to what impact dry water year conditions have on juvenile estuary
rearing in the Salinas River Lagoon. Since 2011, at least one juvenile or sub-adult was captured
during lagoon monitoring conducted between April and October (HES 2014), which suggests
that the conditions in the lagoon are marginally sufficient for juvenile and sub-adult rearing
during dry years. Although, the Salinas River mainstem did not establish a connection in flow
with the lagoon, there appears to be a possibility that juvenile produced from previous years
monitoring continue to reside in the lagoon as they mature; as evidenced by the one O. mykiss
sub-adult captured during the October 2013 lagoon monitoring (HES 2014).
Table 3. Number of monitoring days, total catch, total estimated abundance at the Arroyo Seco RST and number of
monitoring days and total catch for the Nacimiento RST and the Salinas RST. Asterisk indicates abundance estimated by
mark-and-release methods and parenthesis indicates abundance estimated by proportion of flow sampled for 2012;
abundance estimated using proportion of flow method for all other years (Cuthbert et. al. 2013). Note: ns = no sample and
flow is displayed as minimum (min) and maximum (max) flow range.
Arroyo Seco
Nacimiento
Salinas
Flow
No.
No.
Flow
No.
Range @
of
Total
Estimated
Flow Range @
of
Total
Range @
of
Total
Paso
Year
Days
Catch
Abundance
Soledad
Days Catch
Bradley
Days Catch
Robles
2014
0
ns
ns
6 - 1,100
77
7
60 – 69
0
ns
0 – 21
2013
0
ns
ns
6 – 66
78
1
33 – 259
0
ns
0 – 12
2012
62
526
2,876* (1,187)
26 – 446
69
1
60 – 391
19
9
0 – 479
2011
67
64
332
108 – 4,880
61
0
65 – 4,190
53
1
32 – 5,650
2010
75
149
480
124 – 1,060
80
0
25 - 263
76
2
5 – 1,420

The Nacimiento River RST captured one Age 1+ O. mykiss smolt and six YOY in 2014. The one
Age 1+ capture is consistent with low or no catch in previous years, suggesting low levels of
juvenile production in the Nacimiento River. Six YOY were captured this season, which are the
first YOY to be captured in the Nacimiento River since the inception of this monitoring program.
The observations of YOY captures for the first time is not necessarily attributed to a change in
environmental conditions (i.e. flow, temperature, dissolved oxygen, etc.); rather, it is likely that
trap efficiency was substantially higher this year than in previous years due to the lower flow
conditions present (i.e. a higher proportion of flow is sampled by the RST) and subsequent trap
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configuration (i.e. changes in diversion board configuration or presence/absence of diversion
boards; Figure 8).

Figure 8. Nacimiento RST operating at low flow (~60 cfs) with diversion boards installed (left) and Nacmiento RST operating at
moderate flow (~350 cfs) without diversion boards (right).

Low numbers of captured O. mykiss during RST operations in the Nacimiento and Salinas rivers
in past years suggest that conditions in those streams are marginally sufficient for spawning and
rearing juvenile O. mykiss, but not conducive to high levels of natural reproduction. RST catches
have been higher on the Arroyo Seco, where rearing densities observed by backpack
electrofishing were also higher than in the Nacimiento River during 2010-2013 (Krafft et al.
2013). Furthermore, low catches at the RSTs are not necessarily an accurate representation of
total O. mykiss production; for example, rotary screw trap data from the Calaveras River suggests
that juvenile O. mykiss emigrate downstream as early as November and as late as June. As a
consequence, we are not certain that fish did not attempt downstream emigration in the Salinas
River prior to, or after, the installment of the rotary screw trap (FISHBIO unpublished data).
Native species dominated the Nacimiento RST catch accounting for 99.8% of the total catch
(only one individual belonged to an introduced species; largemouth bass). Since monitoring
under the BO began in 2010 non-native fish have been relatively rare in streams of the Salinas
Basin (<5% of total RST catch; Cuthbert et al. 2010, Cuthbert et al. 2011, Cuthbert et al. 2012,
Cuthbert et al. 2013, Cuthbert et al. 2014), which stands in contrast to most southern and central
California watersheds (Palmer and Sonke 2010).

RECOMMENDATIONS
Based on the objectives of the Salinas River Fisheries monitoring program and results from
Salinas River juvenile downstream migration monitoring we recommend the following:
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 Continue monitoring juvenile O. mykiss downstream migrants at the same locations
encompassing the monitoring period described in the biological opinion.
 Sampling in future years should be conducted at an alternative timeframe based upon
weather patterns and migration opportunities (i.e. December or January with early rain
events) to evaluate when O. mykiss smolts begin downstream migration, and what
percentage of passage occurs during the winter versus the spring. Similar downstream
migration trapping 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). O. mykiss in the San Joaquin River Basin (Calaveras and Stanislaus
rivers), have been observed to migrate over a more extended period (i.e. November to
June) than when sampling was conducted in the Salinas Basin, with peak Age 1+
migration typically occurring from December through March and peak YOY migration
occurring from April through July (FISHBIO unpublished data). If a higher proportion of
fish migrates 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 drawbacks of block flow releases
should be evaluated.
 Design and implement a PIT tagging study to investigate what proportion of juvenile
downstream migrants was derived from anadromous stock. Data collected from a PIT
tagging study could also be used to identify the ability of juveniles to migrate past the
SRDF. Furthermore, a PIT tagging study could provide information on lagoon residency,
use of Elkhorn Slough as a migration corridor to the ocean, and confirmation of ocean
entry.
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APPENDIX 1: SMOLT INDEX DESCRIPTIONS
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
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