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1 GENERAL PROGRAM DESCRIPTION 

1.1 Name of Rescue/Rearing Program: 

Monterey Peninsula Water Management District’s (District or MPWMD) Carmel River Steelhead 
Rescue and Rearing Management Program (RRMP) at the Sleepy Hollow Steelhead Rearing 
Facility (SHSRF or Facility). 

1.2 Species and Population (or Stock) Being Reared, and Endangered Species Act Status:  

The Carmel River steelhead population is within the South-Central California Coast (SCCC) 
Distinct Population Segment (DPS) of Pacific Coast steelhead.1  As characterized by the National 
Marine Fisheries Service (NMFS) (2007), the population ranks as one of the four largest within 
this DPS, and has been listed as ‘Threatened’.  For this reason, it may be important as a key 
population in recovery and viability of the DPS.  In addition, the Carmel River steelhead 
population exhibits a high degree of life history variability.  For example, an unknown, but 
probably small fraction of the steelhead population in the Carmel River Basin are freshwater 
resident type steelhead (resident rainbow trout), as evidenced by historical records and anecdotal 
observations documenting sustained reproduction and survival of fish during periods with 
prolonged, limited access to critical habitats.  Prior to 1973, the California Department of Fish and 
Game (renamed in 2013 to the California Department of Fish & Wildlife, CDFW) regularly 
stocked stream-type steelhead (rainbow trout) as part of its long-standing program of stocking 
catchable trout (Alley 1993).  During this period, an unknown fraction of the catchable trout may 
have taken residence and reproduced; to this day progeny of these fish may persist, especially 
above impassable barriers in selected tributaries including Bruce Fork, Miller Fork and the 
mainstem Carmel River, upstream of Ventana Mesa Falls in the Ventana Wilderness (Dettman and 
Kelley 1986). Morphologically, similar sized resident fish appear equivalent to the anadromous 
form, except during the spring when resident fish exhibit spawning coloration/morphology and 
upstream migrations, while the anadromous form shows smolt coloration and downstream 
migrations.  

1.3 Type of Program: 

The rescue and rearing program mitigates for specific, ongoing impacts of domestic water supply 
development, which reduces natural flow in the Carmel River and often results in the annual drying 
of up to nine total miles of rearing habitat in the lower Carmel River, in two separate reaches.  
Currently, the program is an isolated mitigation program, not linked to similar problems that occur 
in other streams within the SCCC DPS, including the Salinas and Pajaro Rivers.  Concurrent with 
development of the Recovery Plan for the remainder of the SCCC DPS, the NMFS may integrate 
this program into an overall plan for enhancing survival, restoring, and conserving steelhead 
populations in the DPS. 

1.4 Purpose (Goal) of Program: 

The primary goal of this program is to rescue and rear naturally-born juvenile steelhead 
(Oncorhynchus mykiss) with the objective of assisting the restoration, conservation, and 

1 For the purpose of this RRMP, a Distinct Population Segment (DPS) is considered to represent and be functionally 
equivalent to an Evolutionarily Significant Unit (ESU), as described in a joint policy by the USFWS and NMFS in 
The Federal Register for Wednesday, February 7, 1996 (Vol. 61), p. 4722. 
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maintenance of the steelhead population at viable levels in the Carmel River Basin as mitigation 
for environmental impacts caused by diversion of surface and subsurface streamflow in the lower 
twenty-four miles of the mainstem Carmel River and subunits of the Carmel Valley Alluvial 
Aquifer (Aquifer).2  The program began before the 1997 Endangered Species Act (ESA) listing of 
steelhead as a threatened species.  In fact, seven years earlier, the program was started as a 
mitigation requirement from the District’s 1990 Environmental Impact Report for its Water 
Allocation Program (Mintier et al., 1990), developed to comply with the California Environmental 
Quality Act (CEQA).3  The environmental impacts include loss of rearing habitat and loss of 
downstream migration opportunities, which interfere with individual survival rates and long-term 
viability of this population. Hence, ancillary goals of the program are to preserve and restore 
physical conditions in the watershed, and to develop alternative domestic water sources, thereby 
reducing the need for conducting rescues, transporting, and artificially rearing naturally born 
juvenile steelhead.  The primary goal of the rearing phase of the program is to maximize survival 
of Facility reared fish and to meet or exceed the condition and growth rates of fish reared in nearby 
extant sections of the Carmel River. 
 
1.5 Justification for the Program: 

Significant conservation in the Carmel River Basin has been accomplished to comply with the 
State Water Resources Control Board (SWRCB) Cease and Desist Order, Water Rights Order No. 
2016-0016, and its predecessor Water Rights Order No. 95-10.  However, consumption of water 
from the Carmel River has long been curtailed via mandated and voluntary programs since the 
creation of the District in 1978, after the State’s severe drought in 1976-1977.  Incentive programs, 
including rebates for water efficient appliances, equipment and landscaping have further reduced 
use (Figure 1-1).  Based on reviews of other programs, the Monterey Peninsula has some of the 
most stringent conservation requirements in the United States with limited potential for significant 
further savings.  New construction/remodels, changes of ownership/use and all non-residential 
customers are required to install and maintain water efficient fixtures.  Steep tiered rates further 
motivate reductions in demand, with rates higher than $8.75/100 gallons in the upper tier.  In 
addition, as a result of the Cease and Desist Order against California American Water (CAW) or 
Cal-Am, the area has a moratorium on new connections and intensifications of use within the CAW 
system. 
 
The rescue of juvenile steelhead and operation of the Facility will increase survival of naturally 
produced steelhead in the Carmel River Basin.  Without the program and Facility, functionally all 
of the fish exposed to drying river conditions each year would be lost to suffocation or predation 
and would not contribute to future populations of returning wild steelhead.  With the program, a 
portion of the naturally produced juvenile steelhead will survive and contribute to returns of 
anadromous steelhead.  The program benefits survivability of naturally-born steelhead by actively 
rescuing juvenile fish, rearing them for a portion of their life cycle, and/or transporting them 
around dry reaches of the river. 

2 The water-bearing strata directly associated with the Carmel River; originally mapped by the U.S. Geological Survey 
in 1984, and adopted as the area within the jurisdiction of the SWRCB as described in Order WR 95-10. 
3 The program for rescue and rearing of steelhead was formally adopted as part of the District’s Five-Year Mitigation 
Program for the Water Allocation Program EIR in November 1990 (MPWMD 1990). 
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1.6 Responsible Organization and Individuals: 

Indicate lead contact and on-site operations staff lead. 
Name (and title): Kevan Urquhart, Senior Fisheries Biologist 
Agency:  Monterey Peninsula Water Management District 
Address:  5 Harris Court, Bldg. G 
Telephone:  831-658-5643 
Fax:   831-644-9560 
Email:   kevan@mpwmd.net 
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1.7 Other Agencies, Co-Operators, or Organizations Involved, Including Contractors, 
and Extent of Involvement in the Program: 

1) The CDFW is responsible for enforcing state laws and policies pertaining to salmon and 
steelhead resources and for directing fish culture activities statewide.  Thus, it regulates the 
District’s rescue and rearing operations.  The District has operated the Facility under terms 
specified in an Annual Memorandum of Agreement (MOA) with the CDFW, and was 
authorized to perform annual fish rescues under a separate annual letter.  Both were 
provided through 2009, when that practice was suspended pending completion of this 
RRMP.  The CDFW intends to modify their agreements to make them congruent with the 
Federal permit, and then reissue them to run concurrent with the duration of the Federal 
permit.  

 
2) California American Water (CAW or Cal-Am) provides space for the Facility under a 30-

year limited license-lease agreement with the District, renewable in 5-year increments.  The 
original 30-year agreement expires on May 5, 2024 and the current 5-year agreement 
expires on December 5, 2020.  CAW charges the District $1 per year for the lease. 

 
3) The Carmel River Steelhead Association (CRSA) has conducted ancillary rescues of 

steelhead stranded in mainstem Carmel River in the past, sometimes in cooperation with 
the District, but mostly autonomously. CRSA has autonomously conducted its own annual 
rescues in selected tributaries in the past, including Cachagua Creek, Hitchcock Canyon, 
Garzas Creek, Robinson Canyon, and Potrero Creek at the discretion of the CDFW and 
NMFS.  These rescues are conducted predominantly outside District boundaries and 
jurisdiction.  The last year of coordinated rescue efforts between CRSA and the District 
was 2009. 

 
1.8 Funding Source, Staffing Level, and Annual Rescue and Rearing Program 

Operational Costs: 

The program is predominantly funded through a surcharge on the CAW bill, with the remainder 
coming from other District revenues.  The steelhead RRMP is supervised by a Senior Fisheries 
Biologist at approximately 0.90 of a Full Time Equivalent (FTE).  Daily operations at the Facility 
are carried out by an Associate Fisheries Biologist at 1.00 FTE, who is assisted seasonally by the 
second Associate Fisheries Biologist (0.33 FTE) and two (2) part-time Water Resources Assistants 
(0.24 FTE, each).  Rescues are conducted by the second Associates Fisheries Biologist (0.57 FTE), 
who is assisted by two (2) part-time Water Resources Assistant (0.24 FTE, each) and up to four 
(4) Fish Rescue Workers (1 x 0.24 FTE, 3 x 0.12 FTE).  In addition, two (2) River Maintenance 
Workers (0.40 FTE each) are assigned seasonally from other District programs to assist in rescues 
and operations at the Facility.  This is a total full-time equivalent of approximately 5.16 personnel 
years of staffing, which varies annually according to the physical condition of the river and the 
length of the rescue rearing season.  The annual budget for the Facility and fish rescues in Fiscal 
Year 2012-2013 totaled $1,217,045.  These budgeted costs can be significantly exceeded in years 
where unusually large numbers of fish need to be rescued and reared, or the rescue and rearing 
season extends past the typical duration of approximately six months.  The steelhead RRMP is 
only one element of the overall Mitigation Program, budgeted at $2,599,406 in Fiscal Year 2012-
2013.  To date, the District has invested over $1.3 million in capital expenditures for the 
construction and periodic upgrade of the Facility. 
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1.9 Location(s) of Rearing Facility and Associated Facilities: 

The District conducts rescues of steelhead from drying reaches of the lower Carmel River and 
transports these fish to the Facility or other viable habitat in the mainstem below the former San 
Clemente Dam site.  The Facility is located on a seven-acre site at River Mile 17.3 (RM 17.3) at 
an elevation of 405 feet on a flood terrace on the south side of the Carmel River.4  California State 
Plane coordinates for the Facility are (x) 5763201 and (y) 2056185.5  The Facility is located within 
the California, Central Coast Hydrologic Unit No. 18060012 of the United States Geological 
Survey (USGS).  Annual fish rescues typically take place on the Carmel River in two reaches: 
almost annually in the lower river reach bounded by the Highway One Bridge (Coordinates: (x) 
5706137 and (y) 2091365) and Robinson Canyon Bridge (Coordinates (x) 5737217 and (y) 
2084730); and 40% of the time in the last decade within the DeDampierre reach bounded by 
Boronda Bridge (Coordinates (x) 5753755 and (y) 2072971) and the seasonal Girl Scout Bridge 
(Coordinates (x) 5756899 and (y) 2068027). 

 
1.10 List of Rescue and Rearing Program Mandatory “Performance Standards”: 

Mandatory Performance Standards for this RRMP are derived directly from Northwest Power 
Planning Council (NWPPC) 2001.  They are designed to achieve the program’s goal of optimally 
rescuing and rearing as many naturally-born juvenile steelhead (Oncorhynchus mykiss) as possible, 
with the objective of assisting the restoration, conservation, and maintenance of the steelhead 
population at long-term viable levels6 in the Carmel River Basin, which are affected by combined 
water withdrawals in the lower 24 miles of the mainstem Carmel River: 
 
1.10.1 Legal Mandates: 

The program contributes to the State CEQA mitigation requirements of the 1990 Water Allocation 
EIR (Mintier et al., 1990) as specified in CEQA Findings 168-A, E and F; 296-A, E, and F; 301, 
302, 303 and 388-A, B and C of MPWMD 1990a; including to sustain annual recruitment of 
steelhead young-of-the-year (YOY) from reaches that annually dry up below the Esquiline Road 
Bridge at RM 14.5. 
 
1.10.2 Conservation of Wild/Naturally Spawning Populations:  

Releases of indigenous wild fish, rescued and reared by the program are sufficiently marked to 
allow statistically significant evaluation of their contribution to the rest of the watershed’s natural 
production, and to evaluate effects of the program on the three components of the local natural 
population within the program area (i.e., rescued-and-reared in SHSRF, rescued-and-relocated 
then subsequently river-reared, and indigenous river-reared fish that were never rescued). 
 
1.10.3 Life History Characteristics:  

Ensure the life history characteristics of the natural population are unlikely to change as a result of 
rescuing and rearing a portion of the wild fish. 
 
1.10.4 Life History Characteristics:  

4 River Miles (RM) are measured from the river mouth. 
5 Coordinates based on NAD 1983 State Plane Coordinate System, California IV FIPS 0404 (feet). 
6 Initially set at 4,150 annual spawning adults; Section 6.3.1.1 of NMFS 2013. 
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Annual release numbers of wild, rescued-and-reared steelhead from the SHSRF do not exceed 
estimated local habitat capacity for the reaches where the rescues occurred, and to where these 
fish will be re-released. 
 
1.10.5 Genetic Characteristics:  

Adults produced from the rescue and rearing of wild juvenile fish do not exceed an appropriate 
proportion of the total natural spawning population. 
 
1.10.6 Genetic Characteristics:  

Juveniles rescued-and-reared by the program are released in the same overall area they were 
rescued from, in order to maximize homing ability to the intended return locations.  
 
1.10.7 Operation of the Rearing Facility:  

The Facility is operated in compliance with all applicable fish health guidelines, and facility 
operations standards, protocols, and best management practices for steelhead rearing set by CDFW 
and NMFS (CDFW 2012), which are feasible to transfer from a hatchery modality and apply to a 
unique wild fish rearing facility. 
 
1.10.8 Operation of the Rearing Facility:  

Effluent from the Facility does not detrimentally affect local populations. 
 
1.10.9 Operation of the Rearing Facility:  

Fish released from rearing do not introduce pathogens not already existing in local populations, 
and do not significantly increase levels of existing pathogens. 
 
1.10.10 Operation of the Rearing Facility:  

Water withdrawals via in-stream water diversion and associated facilities do not prevent access to 
natural spawning areas, affect spawning behavior, or impact the juvenile rearing environment of 
local populations. 
 
1.10.11 Rescue Operations:  

Rescue operations using minnow seines, backpack electrofishing, or fyke traps do not result in 
enough significant stress, injury, or mortality in the rescued fish or natural population that it offsets 
the benefit of the rescues.  Rescues are compliant with the California Fish and Game Commission’s 
Anadromous Rainbow Trout Policy No. V-A through C (CFGC 2008) and CDFW’s Fish Rescue 
Policy.  

 
1.11 List of Seventeen “Performance Indicators”, Addressing the Eleven “Performance 

Standards” in Section 1.10: 

The RRMP includes 17 “Performance Indicators” that are designed to determine the degree to 
which the 11 corresponding program “Performance Standards” have been achieved on an annual 
basis, and indicate the specific parameters to be monitored and evaluated.  The District’s rescue 
program began in 1990 and the rearing program began in 1996, so available historical performance 
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indicators have been tabulated and listed in Tables 1-3, 1-4, 1-5 and Figures 1-2, and 1-3.  In this 
RRMP the achievement of the indicator is considered a benefit; non-achievement a risk.  The 
following sections outline each of these indicators.  Table 1-1 summarizes which of the 17 
Performance Indicators address each of the 11 Performance Standards. 
 

Table 1-1 
Annual Performance Standards and the Performance Indicators Used to Demonstrate 

Compliance With Each of the Standards 
Performance Standard Performance Indicator 

1.10.1 - Legal Mandates:  The program contributes to 
the State CEQA mitigation requirements of the 1990 
Water Allocation EIR (Mintier et al., 1990); including 
to sustain annual recruitment of steelhead young-of-the-
year (YOY) from reaches that annually dry up below 
Esquiline Road Bridge at RM 14.5 

1.11.3.1 - Capture and transport as many as possible of 
the fish exposed to drying conditions in the lower 
Carmel River 
1.11.3.2 - Maximize survival rates in the Facility as 
much as possible, with a goal of matching or exceeding 
in-river survival rates in habitats with continuous 
summer flows in similar geographical areas 

1.10.2 - Conservation of Wild/Naturally Spawning 
Populations: Releases of indigenous wild fish, rescued-
and-reared by the program are sufficiently marked to 
allow statistically significant evaluation of their 
contribution to the rest of the watershed’s natural 
production, and to evaluate effects of the program on the 
three components of the local natural population within 
the program area (i.e., rescued-and-reared in SHSRF, 
rescued-and-relocated then subsequently river-reared, 
and indigenous river-reared fish that were never 
rescued) 

1.11.3.3 - Mark a significant fraction of rescued-and-
relocated, rescued-and-reared, as well as indigenous 
adult and juvenile steelhead with Passive Integrative 
Transponder (PIT) tags to detect them as returning 
adults in succeeding years 
1.11.3.4 - Sustain and potentially increase annual 
recruitment of steelhead YOY from reaches that 
annually dry up below Esquiline Road Bridge at RM 
14.5 

1.10.3 - Life History Characteristics:  Ensure the life 
history characteristics of the natural population are 
unlikely to change as a result of rescuing and rearing a 
portion of the wild fish 

1.11.3.5 - Mark a significant fraction of rescued-and- 
relocated, rescued and reared, as well as indigenous 
juvenile steelhead with Passive Integrative Transponder 
(PIT) tags to detect them as emigrating smolts 
1.11.3.6 - Produce  rescued-and-reared juvenile 
steelhead which have a size range appropriate for 
healthy wild fish in the Carmel River 
1.11.3.7 – Collect and age scales from returning adult 
steelhead 

1.10.4 - Life History Characteristics: Annual release 
numbers of wild, rescued-and-reared steelhead from the 
SHSRF do not exceed estimated local habitat capacity 
for the reaches where the rescues occurred, and to where 
these fish will be re-released 

1.11.3.8 – Release rescued-and-relocated, and rescued-
and-reared fish into habitats to achieve a net density of 
no more than 2 fish per linear foot 

1.10.5 - Genetic Characteristics: Adults produced from 
the rescue and rearing of wild juvenile fish do not 
exceed an appropriate proportion of the total natural 
spawning population 
 

1.11.3.9 –  Estimate the percent of the annual steelhead 
run composed of wild river-reared, wild rescued-and-
relocated then river-reared, and wild rescued-and-reared 
at the SHSRF in the annual run 

1.10.6 - Genetic Characteristics: Juveniles rescued and 
reared by the program are released in the same overall 
area they were rescued from, in order to maximize 
homing ability to the intended return locations 

1.11.3.10 – Release rescue-reared fish from the SHSRF 
into the habitats they were originally rescued from 

1.10.7 - Operation of the Rearing Facility: The Facility 
is operated in compliance with all applicable fish health 
guidelines, and facility operations standards, protocols, 
and best management practices for steelhead rearing set 
by CDFW and NMFS (CDFW 2012), which are feasible 
to transfer from a hatchery modality and apply to a 
unique wild fish rearing facility 

1.11.3.11 – Comply with all national, regional or State 
standards for fish health and aquaculture practices 
where they are applicable to an otherwise unique fish 
rearing facility utilizing simulated flow-through stream.   
1.11.3.12 – Measure and report total survival over the 
rearing season by approximate age class (Fry to YOY, 
YOY to Yearling/Smolt, Yearling to Yearling+) 
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Performance Standard Performance Indicator 
1.10.8 - Operation of the Rearing Facility: Effluent from 
the Facility does not detrimentally affect local 
populations 

1.11.3.13 – Monitor effluent from the Facility to 
document that it meets all receiving water quality 
standards and does not impair local steelhead 
populations 

1.10.9 - Operation of the Rearing Facility: Fish released 
from rearing do not introduce pathogens not already 
existing in local populations, and do not significantly 
increase levels of existing pathogens 

1.11.3.14 – Ensure that releases of wild rescue-reared 
fish do not introduce pathogens to the indigenous wild 
river-reared population 

1.10.10 - Operation of the Rearing Facility: Water 
withdrawals via in-stream water diversion and 
associated facilities do not prevent access to natural 
spawning areas, affect spawning behavior, or impact the 
juvenile rearing environment of local populations 

1.11.3.15 – Ensure water withdrawals are designed and 
conducted to not measurably impair fish passage, flow 
rates past the SHSRF, or habitat quality in the vicinity 
of the Facility 

1.10.11 -  Rescue Operations: Rescue operations using 
minnow seines, backpack electrofishing, or fyke traps 
do not result in enough significant stress, injury, or 
mortality in the rescued fish or natural population that it 
offsets the benefit of the rescues.  Rescues are compliant 
with the California Fish and Game Commission’s 
Anadromous Rainbow Trout Policy No. V-A through C 
(CFGC 2008) and CDFW’s Fish Rescue Policy 

1.11.3.16 - Minimize excessive losses of fish due to 
capture and transport during rescue operations with 
acute mortality less than 1.0% 
1.11.3.17 - Quantify the percentage of rescued fish 
delivered to and reared in the SHSRF which exhibit any 
common symptoms of electrofishing stress, and modify 
operations if necessary to keep the percentage below 1% 

   
1.11.1 “Performance Indicators” Addressing “Benefits”:  

A list and description of how the Performance Indicators address benefits is provided in Table 1-
2 below. 
 
1.11.2 “Performance Indicators” Addressing “Risks”:  

A list and description of how the Performance Indicators address risks is provided in Table 1-2. 
 

Table 1-2 
Benefits and Risks Associated With Each Performance Indicator 
Performance Indicator Benefit and Risk 

1.11.3.1 - Capture and transport as many as possible of 
the fish exposed to drying conditions in the lower 
Carmel River 

Benefit: Avoids eventual 100% mortality due to river 
dewatering 
Risk: Not all fish can be rescued, and relocated fish 
may impact those in the release area 

1.11.3.2 - Maximize survival rates in the Facility as 
much as possible, with a goal of matching or exceeding 
in-river survival rates in habitats with continuous 
summer flows in similar geographical areas 

Benefit: Mitigates for fish that would be lost in 
dewatered habitat; Compensates for rescue inefficiency 
Risk: If survival greatly exceeds that in the wild, could 
affect composition of the run 

1.11.3.3 - Mark a significant fraction of rescued and 
relocated, rescued and reared, as well as indigenous 
adult and juvenile steelhead with Passive Integrative 
Transponder (PIT) tags to detect them as returning 
adults in succeeding years 

Benefit: Allows evaluation of the program impacts and 
benefits;  Supports NMFS-SWFSC life history studies 
Risk: Causes extra incremental tagging mortality 

1.11.3.4 - Sustain and potentially increase annual 
recruitment of steelhead YOY from reaches that 
annually dry up below Esquiline Road Bridge at RM 
14.5. 

Benefit: Sustains the run in an area where it would 
otherwise likely be degraded or eliminated 
Risk: If survival/production greatly exceeds what 
would have occurred naturally, could affect 
composition of the run 

1.11.3.5 - Mark a significant fraction of rescued and 
relocated, rescued and reared, as well as indigenous 
juvenile steelhead with Passive Integrative 
Transponder (PIT) tags to detect them as emigrating 

Benefit: Allows evaluation of the program impacts and 
benefits; Supports NMFS-SWFSC life history studies 
Risk: Causes extra incremental tagging mortality 
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Performance Indicator Benefit and Risk 
smolts 
 
1.11.3.6 – Produce rescued-and-reared juvenile 
steelhead which have a size range appropriate for 
healthy wild fish in the Carmel River 
 

Benefit: Simulates natural life history 
Risk: Excess size could lead to residual smolts not 
emigrating or an unnaturally high contribution to the 
run 

1.11.3.7 – Collect and age scales from returning adult 
steelhead 
 
 

Benefit: Documents current life history & age structure 
Risk: Very slight risk of mortality or disease due to 
scale collection 

1.11.3.8 – Release rescued-and-relocated, and rescued-
and-reared fish into habitats to achieve a net density of 
no more than 2 fish per liner foot 

Benefit: Avoids overloading habitat, and excess 
competition with other wild fish at release locations  
Risk: Overloading release sites could lead to 
unnaturally elevated levels of competition 

1.11.3.9 –  Estimate the percent of the annual steelhead 
run composed of wild river-reared, wild rescued-and-
relocated then river-reared, and wild rescued-and-
reared at the SHSRF in the annual run 
 

Benefit: Allows evaluation of the program impacts and 
benefits; Supports NMFS-SWFSC life history studies 
Risk: Causes extra incremental tagging mortality 

1.11.3.10 – Release rescue-reared fish from the SHSRF 
into the habitats they were originally rescued from 

Benefit: Avoids any competition with other wild fish 
& returns fish to natal reach, discourages adult straying 
Risk: Food web may not  be fully recovered 
immediately after re-watering the habitats 

1.11.3.11 – Comply with all national, regional or State 
standards for fish health and aquaculture practices 
where they are applicable to an otherwise unique fish 
rearing facility utilizing simulated flow-through stream 

Benefit: Maximizes production of quality fish; Ensures 
release of healthy fish 
Risk: None 

1.11.3.12 – Measure and report total survival over the 
rearing season by approximate age class (Fry to YOY, 
YOY to Yearling/Smolt, Yearling to Yearling+) 

Benefit: Allows evaluation of the program impacts and 
benefits 
Risk: Attempting monthly estimates at rearing 
temperatures over 580 f/140 C will lead to excessive 
mortality 

1.11.3.13 – Monitor effluent from the Facility to 
document that it meets all receiving water quality 
standards and does not impair local steelhead 
populations 
 

Benefit: Ensures operations do not harm the river 
Risk: None. SHSRF effluent has never violated nay 
standards and is often better than its inflow 

1.11.3.14 – Ensure that releases of wild rescue-reared 
fish do not introduce pathogens to the indigenous wild 
river-reared population 

Benefit: Ensures release of healthy fish that do not 
impact other fish in the wild 
Risk: Failure of due diligence could impact river-
reared fish; Very rare to have visibly diseased fish at 
end of rearing season and they are never released 

1.11.3.15 – Ensure water withdrawals are designed and 
conducted to not measurably impair fish passage, flow 
rates past the SHSRF, or habitat quality in the vicinity 
of the Facility 

Benefit: Precludes impacts to downstream habitat 
quality and quantity, and entrainment of aquatic 
species 
Risk: None 

1.11.3.16 - Minimize excessive losses of fish due to 
capture and transport during rescue operations with 
acute mortality less than 1.0% 

Benefit: Maximizes number rescued; Avoids handling 
stress; Improves condition of rescue fish 
Risk: Reduces rescue count; Stressed fish can 
stimulate disease outbreaks in the SHSRF 

1.11.3.17 - Quantify the percentage of rescued fish 
delivered to and reared in the SHSRF which exhibit 
any common symptoms of electrofishing stress, and 
modify operations if necessary to keep the percentage 
below 1% 

Benefit: Avoids handling stress; Improves condition of 
rescue fish; Precludes rearing crippled fish 
Risk: Stressed fish can stimulate disease outbreaks in 
the SHSRF; Crippled fish are not competitive when 
released 

 
1.11.3 Detailed Description of the “Performance Indicators”:  
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Performance Indicator 1.11.3.1 - Capture and transport as many as possible of the fish exposed to 
lethal drying conditions in the lower Carmel River – Depending on the magnitude of unimpaired 
summer runoff, reservoir storage, and municipal water demands, a variable fraction of the lower 
Carmel River dries up each spring, summer, and fall.  Typically, up to nine miles of habitat dries, 
approximately 7.5 miles of which corresponds to the Aquifer zone below the Narrows (RM 9.2) 
where 80-90% of the groundwater extracted by CAW and others is for domestic and commercial 
uses.  To date, observations of river habitats immediately following the completion of rescues 
indicate the program successfully rescues the vast majority of fish, but no systematic monitoring 
has documented the population numbers before and after rescues.  As part of this RRMP, District 
staff will begin regular surveys of the “leftover” juvenile population in specific reaches.  This will 
be accomplished either by counting any stranded and dead fish in the last remaining pools and 
pockets of habitat, just before a specific stream section dries up, or by conducting quantitative 
rescue surveys in the form of a multiple-pass, depletion electro-fishing survey that can be used to 
statistically estimate the number of fish that were in the section.7  Such assessments will be carried 
out for five years in one to three stream sections selected randomly each year.  For monitoring 
purposes, up to three 100-yard long sections will be delineated between the Highway One Bridge 
(RM 1.09) and Robinson Canyon Creek (RM 8.1), corresponding to approximately 2% of the 
stream habitat that dries each year.  Results will be reported in the District’s Annual Mitigation 
Report, and after five years, the District will prepare a summary report describing the cumulative 
results.  The District initiated this effort in 2009, and the results to date range from 82 – 99% rescue 
efficiency (Table 1-3).  All adults observed and reported to the District are rescued, with no 
observed mortality to date; therefore no specific evaluation of adult rescue efficiency is necessary.  

 
Table 1-3 

Annual Steelhead Rescue Efficiency Estimates Available To-Date, 2009-2012 

Year Sample 
Date 

# Fish Rescued 
in Reach 

# of  Rescue Passes 
in Reach 

# fish estimated to 
remain in Reach 1 

Rescue 
Efficiency (%) 

2009 9/1/2009 421 5 3 99 
2009 9/1/2009 365 4 28 93 
2010 9/9/2010 58 3 13 82 
2012 6/27/2012 362 4 56 87 
2012 7/26/2012 350 3 66 84 
1  Fish estimated by block-netting reach and performing a 3-pass depletion survey. 

 
Performance Indicator 1.11.3.2 - Maximize survival rates in the Facility as much as possible, with 
a goal of matching or exceeding in-river survival rates in habitats with continuous summer flows 
in similar geographical areas – Survival rates of fish reared in the Facility have varied considerably 
since 1996. Overall annual survival ranges from 14 to 86 percent, averaging an annual mean of 53 
percent, with a combined survival for all fish ever reared of 43 percent (Table 1-4).8  For 
perspective, Satterthwaite, et al. (2009) estimated for their life history model that wild survival for 
juvenile steelhead in general on the Central California Coast, for periods similar to when the 
District rescues and rears them, was 39.3% for May–October, and 29.6% for May-December.  

7 Depending on the rate of river drying, a multiple -pass method will be used to determine the remaining numbers of 
juvenile steelhead.  
8 Overall survival is defined as the percentage of total fish surviving in the rearing channel and tanks at the Facility 
during the rearing season, each rescue season.  Overall survival is distinguished from survival in specific tanks or 
sections of the rearing channel over the same period, and from survival rates expressed as a fraction of the population 
over shorter periods.  Since the daily survival rates we are unable to estimate are a compounding function, just as they 
are in the wild, total survival over the whole season tends to be less the longer the rearing season. 
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Thus the average performance of the SHSRF already exceeds the only available theoretical in-
river survival rates for California coastal steelhead. 
 
To use survival in the Facility as a benefit indicator in this RRMP, annual overall survival 
percentages for YOY fish in the Facility will be compared to prior historical Facility survival and 
future modeled estimates of in-river survival in perennial habitats upstream where the stream does 
not dry up.  Survival estimates for these perennial habitats will be calculated from ongoing studies 
by NMFS to develop survival estimates by life stage through the development of a life history 
model specifically the steelhead of the Carmel River watershed.   
 

Table 1-49 

 

Year Days in 
Operation

Number of 
Fish 

Stocked

Total Number of 
Fish Released

Percent 
Survival

begin end Known Unaccounted 
for Fish

1996 4-Sep-96 19-Dec-96 106 525 86 30 409 78%

1997 27-May-97 10-Dec-97 197 4,531 1,394 355 2,782 61%

1999 7-Jul-99 10-Feb-00 218 11,889 598 9,671 1,620 14%

2001 29-Jun-01 8-Feb-02 224 20,662 1,633 11,994 7,035 34%

2003 18-Jul-03 31-Dec-03 166 28,336 7,172 8,429 12,735 45%

2004 11-May-04 13-Dec-04 216 16,249 831 8,524 6,894 42%

2005 13-Jul-05 6-Mar-06 236 24,457 6,180 4,366 13,911 57%

2006 17-Jul-06 7-Feb-07 205 16,418 5,901 3,325 7,192 44%

2007 14-May-07 8-Jan-08 239 10,846 6,557 1,509 2,780 26%

2008 14-May-08 20-Feb-09 282 46,635 9,234 22,680 14,721 32%

2009 22-Jun-09 5-Nov-09 136 12,759 1,799 2,158 8,802 69%

2010 2-Aug-10 5-Nov-10 96 1,957 107 166 1,684 86%

2011 19-Aug-11 7-Nov-11 81 1,685 186 106 1,393 83%

2012 15-Jun-12 8-Nov-12 147 7,417 1,529 547 5,341 72%

Overall Totals 204,366 43,207 73,860 87,299 43%

Mean Annual 182 14,598 3,086 5,276 6,236 53%

Dates of Operation Number of Mortalities

SLEEPY HOLLOW STEELHEAD REARING FACILITY: Operation and Fish 
Rearing Summary - 1996 to 2012

   
A quantitative juvenile survival estimate will be developed through the cooperative development 
of a NMFS-SWFSC life history model specific to the Carmel River.  Individual annual survival 
estimates cannot be developed in the open-channel, main-stem habitat upstream of RM 9 to 
compare to the SHSRF, since the necessary assumptions for any annual mark recapture effort 
would be stymied by the ability of marked fish to leave the sampling area, and for unmarked fish 
to migrate into it in a single season between sampling events.  Therefore, the District will continue 
to cooperate with existing NMFS-SWFSC studies led by David Boughton and Thomas Williams 

9 The Facility did not operate in 1998, 2000, 2002. Flow precluded the need for rescues in 1998, mechanical 
problems blocked operations in 2000, and the facility was closed in 2002 for a retrofit to address the problems seen 
in 2000. 

11 10/19



that they initiated in 2014, which will attempt to develop overall survival estimates from a life 
history model that will be based on multiple years of PIT tagging at our fall population sites, and 
additional sites initiated by NMFS.  The NMFS-SWFSC has ESA take coverage for this study 
under their Research and Monitoring Section 10(a)(1)(A) permit ”1044-Mod_4_Interim”.  By the 
end of the five years of the initial ESA 10(a)(1)(A) Permit, we should have sufficient data to 
develop juvenile survival estimates for the middle and lower Carmel River to compare to annual 
survival rates in the SHSRF.   

 
Performance Indicator 1.11.3.3 - Mark a significant fraction of rescued-and-relocated, rescued-
and-reared, as well as indigenous adult and juvenile steelhead with Passive Integrative 
Transponder (PIT) tags to detect them as returning adults in succeeding years – PIT tag up to 2,000 
of each of the following three groups of wild juvenile steelhead every year: a) wild fish rescued-
and-relocated directly upstream, b) wild fish rescued-and-reared in the SHSRF, and c) indigenous 
wild steelhead encountered in our fall populations surveys (NMFS-SWFSC has take coverage for 
this portion under their permit ”1044-Mod_4_Interim”).  MPWMD will tag up to 50 percent of 
captured juvenile steelhead of each group.    Initial training has been received from NMFS-SWFSC 
staff and will be ongoing as part of cooperative studies initiated in 2014.  Advice from the NMFS-
SWFSC staff, based on their experience with Central Coast steelhead, indicates a minimum 
tagging effort of 2,000 fish per group/type/lot of steelhead to be evaluated should produce 20-40, 
or more, adult returns and adequate juvenile returns to the PIT tag arrays.  Juvenile fish from each 
year’s tagging effort should be detectable both as emigrating smolts each year, and as returning 
adults over the succeeding four years.  The adult return PIT tag data, combined with total run size 
estimated from ongoing Dual Frequency Identification Sonar (DIDSON) monitoring (or 
alternatively a physical weir), can be used to estimate the contribution of each of these three lots 
of fish to the total estimated adult run. 
 
Performance Indicator 1.11.3.4 - Sustain and potentially increase annual recruitment of steelhead 
YOY from reaches that annually dry up below the Esquiline Road Bridge at RM 14.5 – During the 
1987-1991 drought years very few adult, ocean-run steelhead had access to the Carmel River and 
few adults were able to successfully spawn. These limitations led to marked reductions in 
recruitment of YOY, especially in habitats downstream of the Narrows where sand deposition in 
the past limited spawning habitat, and fry were rare, due to marginal spawning success from small 
numbers of adults and low dispersal rates of YOY from upstream habitats.  To identify that 
recruitment is improving towards, or sustained at, natural levels with sufficient seeding of habitats, 
the RRMP will use numbers of rescued YOY each year adjusted for the number of miles of river 
that dry up, as a performance indicator.  Figure 1-2 and Table 1-5 shows this index for the 
historical period from 1989-2012.  In general if the density of fish in the rescue zone is increasing 
or sustained at natural levels in most year, then the rescue and rearing program is meeting this 
indicator.  Whereas, if the fish density is declining or remains below optimal levels, then the 
program is not meeting this indicator and will be re-evaluated for improvements. 
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Figure 1-2

 
 

Table 1-5 
Performance Indicator 1.11.3.4 Young-of-the-Year Production Index in Lower River 

Number of Young-of-the-Year Steelhead Rescued from Drying Reaches of the Carmel 
River 1989-2012 (mainstem only) 

            

Year MPWMD CRSA Totals 
Miles Rescued Rescue Index (no/mi) 

1989 155   155 9.5 16 
1990 205   205 9.5 22 
1991 222   222 10.6 21 
1992 2,997   2,997 11.1 270 
1993 4,417   4,417 7.2 613 
1994 4,524   4,524 2.4 1,885 
1995 6,274   6,274 5.2 1,207 
1996 7,330   7,330 5.7 1,286 
1997 19,329   19,329 8.1 2,386 
1998 3,198   3,198 2.2 1,454 
1999 12,168   12,168 7.2 1,690 
2000 7,515   7,515 6.0 1,253 
2001 38,995   38,995 6.7 5,820 
2002 36,395 6,121 42,516 6.7 6,346 
2003 39,740 12,129 51,869 6.5 7,980 
2004 16,337 7,972 24,309 8.1 3,001 
2005 20,331 14,432 34,763 5.4 6,438 
2006 14,974 4,145 19,119 5.7 3,354 
2007 11,860 5,848 17,708 8.5 2,083 
2008 84,237 14,726 98,963 8.5 11,643 
2009 12,767 1,246 14,013 7.8 1,797 
2010 3,544   3,544 3.7 958 
2011 1,670   1,670 3.2 522 
2012 7,394   7,394 7.2 1,027 
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These annual density values are also likely to have to be evaluated against other confounding 
factors such as Water Year Type, days the Carmel River Lagoon (Lagoon) mouth was open for 
immigration of adults, estimated adult run size, and severe hydrography, among other factors 
which could have an equal or superior effect on annual juvenile steelhead production.  MPWMD 
will work with the staff of the NMFS to develop a better way to evaluate this index than just on its 
raw annual numbers.  NMFS-SWFSC’s ongoing PIT tagging and fish marking studies will also 
lead to the development of a Carmel River focused steelhead life history model, which may help 
in evaluating the index. 

 
The RRMP will also utilize annual multi-pass redd surveys for the river between RM 1 and 14.5 
to establish trends in spawning success within the two reaches from which juvenile steelhead are: 
a) rescued on an annual basis (RM 1-9), and b) frequently rescued in drier water year types (RM 
9-14.5).  Existing single-pass redd survey data from 2007-2009, 2012 and 2013 indicate that there 
is likely an extension in the downstream most limits of spawning, but not enough data has yet been 
collected across various water year types to indicate a conclusive trend (see Section 2, Appendix 
2-B and 2-C).  

 
Performance Indicator 1.11.3.5 - Mark a significant fraction of rescued-and-relocated, rescued-
and-reared, as well as indigenous juvenile steelhead with PIT tags to detect them as emigrating 
smolts – PIT tag up to 2,000 of each of the following three groups of wild juvenile steelhead every 
year:  a) wild fish rescued-and-relocated directly upstream, b) wild fish rescued-and-reared in the 
SHSRF, and c) wild indigenous steelhead encountered in our fall population surveys.  MPWMD 
will tag up to 50 percent of captured juvenile steelhead of each group.  Advice from the NMFS-
SWFSC staff, based on their experience with Central Coast steelhead, indicates a minimum 
tagging effort of 2,000 fish per group/type/lot of steelhead to be evaluated should produce 20-40 
or more adult returns and adequate juvenile returns to the downstream PIT tag arrays.  NMFS-
SWFSC has installed one PIT array at ~RM 0.5, co-funded by the District, and the District has 
helped fund installation of three more arrays at RM 3.2 (Ranch San Carlos Well), RM 9.1 (Scarlett 
Well and the Narrows) and at ~ RM 17.5, near the SHSRF. This cooperative effort began in 2013 
and data will be analyzed by 2022, or whenever five consecutive years of reliable tag return data 
is obtained. Juvenile fish from each year’s tagging effort should be detectable both as emigrating 
smolts each year, and as returning adults over the succeeding four years.  This PIT tagging effort 
can identify any potentially harmful differences in emigration timing of each of the three groups 
of wild juvenile fish, and the impact of size at tagging on emigration timing, to see if there are any 
discernable differences between:  a) wild indigenous, river-reared steelhead, b) wild rescued-and-
relocated steelhead, and c) wild rescued-and-reared steelhead from the SHSRF. 
 
Performance Indicator 1.11.3.6 – Produce rescued-and-reared juvenile steelhead which have a 
size range appropriate for healthy wild fish in the Carmel River – A subsample of fish will be 
measured by the District as they arrive at the Facility, and then measured again prior to release in 
the fall or winter, with a representative sample of fish drawn from each rearing tank or specific 
section of the rearing channel. Special attention will be given to fish entering the Facility that are 
178 mm or greater; these fish will be tracked separately and tagged when feasible to determine if 
the current growth rates at the Facility can be attributed to these larger than average fish growing 
at faster rates or to larger sizes than  their smaller counter parts. An adaptive approach will be 
implemented if, after a year of status quo operations, it is found that growth rates of Facility fish 
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have exceeded comparable growth rates in the wild. In this event, feeding practices (as described 
below) would be reevaluated and modified, as appropriate, prior to the next year of operation at 
the Facility. This approach will allow a minimization and/or avoidance of impacts that may be 
realized to river-reared fish caused by major differences in length compared to Facility-reared fish.  
The purpose of rearing YOY to a similar length as natural fish is twofold:  first, it is appropriate 
as a way to help ensure that rescued fish do not outcompete or prey on the non-rescued fish; second, 
abnormally accelerated freshwater growth of steelhead reduces age at maturity and first returns 
(Tipping 1991, Wagner 1967, and Ward et al. 1989).  In some cases, accelerated growth may 
obviate seaward migration and encourage freshwater residence.  These life history patterns and 
phenotypes reflect a strong genetic variability and heritability, but should not be overly encouraged 
or manipulated. Therefore, maintaining growth rates similar to natural levels is the most 
conservative way to encourage anadromous behavior and promote a wide diversity of life history 
patterns. 
 
The District’s experience with rearing steelhead indicates that this objective is problematic, in that 
attempts to achieve it require restricting feeding rates.  Doing so is likely to reduce annual survival 
of fish reared at the SHSRF (Performance Indicator 1.11.3.2), by encouraging the highly 
cannibalistic nature of steelhead.  Thus, achieving Performance Indicator 1.11.3.6 is inherently in 
conflict with achieving Performance Indicator 1.11.3.2.  The District attempts to balance both 
objectives by:  a) feeding the fish more heavily early in the season when needed to support their 
transition to pelleted feed, and an adequate ration to meet the steelhead’s metabolic demand during 
higher water temperatures; then b) tapering off to a lesser level once water temperatures drop 
below 60’ F/15.5’ C in the late fall and winter.  This approach results in up to half the YOY fish 
reaching smolt sizes of >150 mm within one rearing season.  Thus, an additional objective is to 
have no more than half each year’s rescued YOY reach smolt size in a single rearing season.  As 
NMFS observes the annual results of this indicator, they may choose to provide guidance to the 
District on whether and how to restrict fish rations to curtail growth at the cost of increased rearing 
mortality and cannibalism. 

 
Performance Indicator 1.11.3.7 – Collect and age scales from returning adult steelhead - Due to 
the physical characteristics of the river, a DIDSON monitoring station is used in the lower river, 
in lieu of a physical weir and trap.  Less than five carcasses are observed annually in redd surveys, 
angler effort is very low, and harvest prohibited.  As such, there is a very limited ability to recover 
adult scales on an annual basis.  The District will still attempt to collect scales from any adult 
steelhead carcass observed, and any adult steelhead rescued-and-relocated.  We expect these 
combined efforts to yield less than 5 scales per year, and the sample will be neither stratified nor 
random.  These scales will be aged within one season of collection and the results reported in our 
Annual Mitigation and Monitoring Reports.  Scales from adult steelhead collected in the Carmel 
River Watershed have not been assessed since the 1980’s (see graphs and discussion in Section 
2.2.1.1).  Collection and analysis of modern scale data may indicate whether the structure of life 
history patterns interpreted from scale data (i.e., years of freshwater residence before smolt 
emigration and years at sea before adult return) has changed since the 1980’s, potentially as a result 
of SHSRF operations as well as other environmental factors.  The life history patterns deduced 
from future Carmel River scale collections can also be compared to any data available from Scott 
Creek in the adjacent CCC DPS, which is being collected by the NMFS-SWFSC.  If the structure 
has changed since the 1980’s, or is deemed abnormal on its own or in comparison to other data 
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sets, like Scott Creek, it may trigger further evaluations of fish rescue and/or SHSRF operations.  
Interpretation of scale data alone cannot conclusively indicate whether program actions are the 
cause of the changes, but will support development of a more accurate life history model by the 
NMFS’-SWFSC, during the first five years of the Section 10(a)(1)(A)permit.  If the life history 
model is successfully developed, it is likely to be a more valid tool to use in assessing the effects 
of fish rescues and SHSRF operations than relying on patterns observed in limited amounts of 
scale data.  
 
Performance Indicator 1.11.3.8 – Release rescued-and-relocated, and rescued-and-reared fish into 
habitats to achieve a net density of no more than 2 fish per liner foot – It has been the practice of 
the District to do this with all wild rescue-reared or wild rescued-relocated steelhead since the 
program began.  This is done to try to avoid overloading habitat reaches with rescued fish, so that 
they did not crowd out or excessively compete with other wild indigenous, river-reared fish in their 
natal waters.  The District’s annual fall population surveys indicate a long-term average density of 
~ 0.72 fish per lineal foot of stream, leaving an average stocking density of up to 1.28 fish per foot 
available for released fish in the fall.  The District endeavors to not exceed these re-release stocking 
densities.  The results of these annual parameters will be reported in our Annual Mitigation and 
Monitoring Reports.  The justification for this metric is discussed later in the last paragraph of 
Section 9.1.3 of this RRMP. 

 
Performance Indicator 1.11.3.9 –  Estimate the percent of the annual steelhead run composed of 
wild river-reared, wild rescued-and-relocated then river-reared, and wild rescued-and-reared at the 
SHSRF in the annual run – This estimate will be developed from total DIDSON counts, and PIT 
tag returns as adults from the latter two groups of fish.  The proportional tag return percentages of 
the latter two groups with known initial abundances and tagging rations can be used to estimate 
the percentage of total DIDSON targets likely to be from those two subgroups. Assuming the 
remainder of the targets are wild river-reared fish which were never rescued, we can estimate the 
percentage of the annual run comprised of either rescued-and-relocated, or rescued-and-reared fish 
handled by the program.  Hypothetically the fish rescued from the program might be expected to 
contribute ~9-26 percent of the annual run, which represents a range of the percent of total rearing 
and spawning habitat that occurs within the rescue reaches annually (MPWMD 2004). However, 
annual fall population estimates of the percentage of fish reared in the main stem below the former 
San Clemente Dam site (SCD) that were derived from habitat below the Narrows (RM 9.2), when 
some of that habitat remains wet year round, has so far ranged as high as 37% in 2010 (MPWMD 
2013).  Thus it may be possible that a very large fraction of the run may have been produced from 
fish reared in the lower river within the commonly rescued zone, in many years. 
 
Performance Indicator 1.11.3.10 – Release rescue-reared fish from the SHSRF into the habitats 
they were originally rescued from –This will be done to try to place rescue-reared fish from the 
SHSRF back into the habitat reaches from which they are rescued, so that they do not compete 
with other indigenous river-reared fish, and so that they can re-imprint on the most likely general 
area of their natal waters.  Fish are released over a two week or longer period into the re-watered 
reach from which they were originally rescued.  It is important to note that since we rescue fish 
from the lowermost main-stem river, there is no guarantee they were actually spawned there, since 
these steelhead could have come from anywhere upstream in the watershed.  

 

16 10/19



Performance Indicator 1.11.3.11 – Comply with all national, regional or State standards for fish 
health and aquaculture practices where they are applicable to an otherwise unique fish rearing 
facility utilizing a simulated flow-through stream.  The SHSRF is the only one of its kind currently 
in operation in the Western United States and not a hatchery.  As such, many hatchery focused 
standards do not apply to this unique fish rearing facility.  MPWMD will continue to comply with 
all CDFW aquaculture standards set by the Fish Health Lab, as well as any applicable sections of 
the Policies and Procedures for Columbia Basin Anadromous Salmonid Hatcheries (IHOT 1995), 
the Model Comprehensive Fish Health Protection Program (PNFHPC 2007), and the California 
Hatchery Review Report (CDFW 2012), when those standards can be appropriately applied. 
 
Performance Indicator 1.11.3.12 – Measure and report total survival over the whole rearing season 
by approximate age class (Fry to YOY, YOY to Yearling/Smolt, Yearling to Yearling+).  These 
data are developed based on initial Facility counts on the date that a lot of fish is stocked into a 
rearing area/vessel (Rearing Channel, Rearing Trough, Tank 3, or in rare cases reared in a 
Quarantine Tank), versus the final number of fish released from each area.  It is essential to 
understand that the SHSRF is not a hatchery, but instead a rearing facility that harbors rescued fish 
that were collected simultaneously from multiple age classes and multiple spawning events over a 
period of many weeks to months.  The SHSRF does not deal with isolated lots of fish of 
homogeneous age from separate artificial spawning events, therefore it is impossible to precisely 
estimate either Fry to YOY, or YOY to Yearling/Smolt survival by traditional hatchery methods.  
It is also invalid to expect the SHSRF to match survival rates of artificially spawned fish reared in 
isolated lots under optimal conditions in a hatchery.  MPWMD rescues stressed fish from the wild 
in degraded water quality, then grows them in size-segregated, but age-mixed lots, in a naturalized 
rearing channel, exposed to similar water-quality conditions as the wild fish in the adjacent stream.  
In fact, utilizing the cooling tower, rearing temperatures can be 30 to 100 F better than in the 
adjacent river, yet the average rearing temperature is still 59.40 F.  MPWMD cannot conduct initial 
marking (fin clips/tags) of subsamples of each lot of fish reared in a specific vessel or reach, nor 
conduct monthly mark-recapture estimates of survival as suggested by NMFS, due to the increased 
initial and delayed mortality it would cause to already stressed, rescued fish, and because the 
operating temperatures in July-September often exceed the highest experimental/research 
guidelines of 620 F/170 C.  MPWMD will assess net cumulative survival and growth at the end of 
the rearing season, when temperatures are below 58o F/14o C. 

 
Performance Indicator 1.11.3.13 – Monitor effluent from the Facility to document that it meets all 
receiving water quality standards and does not impair local steelhead populations – The water 
quality in the inflow and outflow will be measured for standard water quality parameters 
(temperature, pH, carbon dioxide, dissolved oxygen, conductivity, ammonia, nitrates, nitrites, 
hardness, and turbidity) on a monthly basis to demonstrate that the SHSRF has no net impact on 
the adjacent river.  Due to the nature of the Rearing Channel design that includes natural cobble, 
aeration and filter chambers filled with substrate hosting natural bacteria in every pool, and 
volcanic rock acting as an additional filter in the three final bays of the outlet channel, the effluent 
from the SHSRF has been demonstrated to often be of better quality than the inflow on most 
parameters, and no worse on any of them.  The Quarantine Tank effluent is discharged to a separate 
ozonation treatment system, monitored for concentration of formaldehyde, and not released until 
it meets discharge specifications.  The data are provided the Central Coast Regional Water Quality 
Control Board (CC-RWQCB) on an annual basis.  Based on our annual reports, the CC-RWQCB 
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continued to issue the SHSRF a General Waiver for Specific Types of Discharges in 2008 and 
2014 (Appendix 4-E). 
 
Performance Indicator 1.11.3.14 – Ensure that releases of wild rescue-reared fish do not introduce 
pathogens to the indigenous wild river-reared population.  SHSRF fish are almost always, except 
for emergency releases, placed downstream of the majority of the indigenous population of 
steelhead in habitat that has only recently re-wetted.  Therefore, there is not a large amount of 
initial overlap or mixing of our wild rescue-reared fish with the indigenous wild-river reared fish.  
As required by State Fish and Game Code for all aquaculture facilities, the SHSRF has always 
operated under the oversight of and consultation with the CDFW’s Fish Health Lab in Rancho 
Cordova.  The SHSRF is subject to periodic random inspections, and whenever there is a disease 
outbreak MPWMD consults with the lab and they can choose whether to make a site visit, or staff 
overnight mails them fresh specimens for necropsy.  Over the 15 out of 19 consecutive years of 
SHSRF operation there has never been a disease problem observed in released fish, thus CDFW 
rarely makes annual pre-release inspections.  MPWMD will commit to providing either the 
CDFW-Fish Health Lab, or any other USFWS or NMFS fish pathology lab we are referred to by 
NMFS, with two fresh-killed juvenile steelhead from each of the 14 rearing reaches, and any 
Quarantine Tanks or circular Rearing Tanks where we may be rearing fish, up to an annual total 
of 30 fish, for their disease evaluation before a release event.  The District has contracted with a 
local veterinarian, trained and qualified in fish diseases, to conduct inspections of the Facility when 
requested by NMFS or during the infrequent disease outbreaks, and to make one annual pre-release 
inspection of the SHSRF fish, to ensure there is no microscopic evidence of disease prior to the 
release of steelhead to the lower river.  If any problems are observed by the veterinarian, they will 
consult with the CDFW Fish Pathology Lab, and send any fresh necropsy samples they may 
request for analysis by overnight mail.  Alternatively, any fish pathologist approved and directed 
by NMFS may inspect the Facility prior to fish being released.   

 
Performance Indicator 1.11.3.15 – Ensure water withdrawals are designed and conducted to not 
measurably impair fish passage, flow rates past the SHSRF, or habitat quality in the vicinity of the 
Facility.  The SHSRF was originally designed and built with these concerns in mind.  The SHSRF 
has a 3/32 inch wedge-wire screen for its intake, placed in a small natural pool.  It is cleaned daily, 
and meets steelhead fry screening criteria.  The maximum intake rate is 2 CFS, which is commonly 
no more than ~40% of the low-season flows in most years, or ~66% of the low flows for a few 
months in the driest years.  Additionally the Facility’s outflow is returned to a natural river pool 
just downstream of the intake that backwaters habitat naturally to within three feet of the intake, 
such that the net impact of the SHSRF affects the river’s flow for less than one foot over the cobble 
sill that separates the two pools.  The diversion has no net effect on river flows, fish passage, or 
habitat volume.  The site has been visited numerous times by NMFS and CDFW staff and 
regulatory personnel.  A SHSRF raw-water intake retrofit was designed in 2015 to improve intake 
reliability, and the handling of fine sandy bed-load material expected to increase after the removal 
of both San Clemente and Old Carmel River Dams, upstream.  The redesign is also being evaluated 
for the inclusion of a full or partial Recirculating Aquaculture System (RAS) at the request of 
NMFS.  This would allow the intake to be shut off at high, debris and sediment-laden flows, and 
avoid pumping material harmful to the SHSRF systems and fish.  It may also allow partial 
recirculation of operating flows to make it possible for the SHSRF to operate safely and reliably 
in months when the river flow drops below 4 CFS, and intake a smaller percentage of river flow 
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during Dry and Critically Dry Water Year Types.  The retrofit should be under construction by 
2018. 
 
Performance Indicator 1.11.3.16 - Minimize excessive losses of fish due to capture and transport 
during rescue operations with acute mortality less than 1.0%10 – Losses of fish may occur during 
rescue operations for a variety of reasons including high water temperature, insufficient aeration 
and high CO2 levels, insufficient O2 concentration, physical injury, time between capture and 
transfer to truck holding tanks, loading densities in field containers, and overall transport time.  To 
determine the net effect of these factors, rescuers monitor mortality rates of rescued and 
transported juvenile steelhead between their capture in the field and release into the quarantine 
system at the Facility or into suitable perennial habitats.  Experience over the last 17 years has 
shown that annual mortality averages 0.70% for all rescue groups and ranges from zero to 1.57% 
(Figure 1-3).  For the purpose of this performance indicator, the RRMP anticipates minor levels 
of mortality, especially considering the poor environmental conditions prevailing during typical 
rescues.  Therefore, the standard for this indicator is set to 1.0%, which is equivalent to the upper 
limit of the 95% of the confidence band of the program’s historical mean losses, and represents 
the upper quartile of the data range.  Whenever rescue mortality exceeds this limit it is probably 
associated with several cautionary factors which could be used to highlight problems, review 
operations and take corrective action to ensure high survival of rescued and transported fish 
including: high temperatures, low dissolved oxygen, high dissolved carbon dioxide, overcrowding 
during transport, excessive electrical field strength during rescue, abrasion or trampling during 
rescue. 

Figure 1-3 
Performance Indicator 1.11.3.16 Rescue/Transport Mortality 

10 For the purposes of this RRMP, acute mortality is defined as losses between the time of rescue from the river and 
release into the river or delivery to the Facility. 
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Performance Indicator 1.11.3.17 - Quantify the percentage of rescued fish delivered to and reared 
in the SHSRF which exhibit any common symptoms of electrofishing stress, and modify 
operations if necessary to keep the percentage below 1% - While the percentage of fish rescued by 
electrofishing versus minnow seines varies widely, and it is not feasible to precisely quantify as 
both methods are often used in conjunction with one another in the same reach or on the same day, 
field staff believe it is about 50 percent .  Thus about half the rescued fish could be subject to some 
electrofishing stress and might exhibit initial symptoms such as surface tissue discolorations 
(branding), immediate spinal injuries during rescues, or long-term symptoms of scoliosis during 
rearing.  To monitor electrofishing stress, observations are made on three occasions: 1) as rescued 
fish are placed in buckets for transport in the field to the Fish Transport Truck, 2) after initial 
quarantine at the SHSRF before they are placed in the rearing channel, and 3) upon removal from 
the rearing channel for release to the river. Observations are recorded in our Fish Rescued field 
logbook, or with the SHSRF logbooks and datasheets. These observations will be reported with 
all other data in our Annual Mitigation and monitoring Report series, and the amounts of each 
observation as a percentage of fish rescued, stocked in the rearing channel, or released will be 
quantified.It is important to note that monitoring efforts might be limited depending on the number 
of fish that are present at the Facility.  
      
1.12 Expected Size of Program: 

1.12.1 Expected Annual Rescue and Rearing Levels (maximum number of juvenile fish):  

Based on experience during the period from 2001 to 2012 and an expectation of future levels, the 
expected maximum number of rescued fish in the mainstem Carmel River equals approximately 
110,800 fish, including 96,497 YOY, 8,803 yearlings, 5,400 smolts and 100 adult kelts.11  Sections 
6 and 8 provide details on historical rescues and releases and the maximum numbers of rescued 
steelhead that are anticipated with the RRMP. 
 
The CRSA has conducted rescues in the Carmel River Basin, most commonly in several 
tributaries, and in some years, within selected portions of the mainstem Carmel River, especially 
downstream of RM 3.25 (Via Mallorca Bridge).   Numbers anticipated for the RRMP have been 
adjusted to include historic estimates of CRSA rescue only in the main-stem Carmel River.  
Further, a portion of the CRSA-rescued fish in some years were transported and stocked at the 
Facility, so estimated numbers of fish to be reared and released from rearing operations have been 
developed to include historic levels of CRSA fish brought to the Facility. 
 
1.12.2 Estimated Take for Maximum Annual Fish Rescue Levels by Life Stage and General 

Location:  

11 The number of steelhead rescued depends on the extent of drying reaches, spawning success during winter-spring, 
and the duration and magnitude of spring flows.  For purposes of this application, it is assumed that no more than 9 
miles of stream dries up (7.5 miles from Highway 1 to Robinson Canyon Road Bridge + 1.5 miles between Boronda 
Rd. and upper Dedampierre Park), similar to hydrologic conditions in 1994, 1997, 2007, and 2013.  Based on this 
assumption and a maximum juvenile population density equal to 11,700 fish per mile (i.e. Figure 1-2 in 2008), the 
maximum number of YOY and yearlings is 96,497 and 8,803, respectively.  In addition, highly variable numbers of 
smolts and adults are anticipated, with the highest counts in dry and critically-dry water years.  For this application 
the highest smolt and adult counts were assumed to be 5,400 and 100 respectively, based on numbers rescued during 
Spring 1994 and 2007 and consideration of potential  increases in future adult returns.   
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Annual fish rescue numbers vary widely (Figure 1-2), depending on water year type, seasonal 
flow patterns that vary even within water year types, annual adult run size and relative spawning 
success.  As such, the numbers proposed as limits in this RRMP are representative of the highest 
rescue numbers we expect to see in the next five years, which are approximately two to over three 
times what we expect the annual averages to be.  It is estimated that in 8 out of 10 years, the actual 
number will be far less.  Based on experience to date and as outlined in Table 1-6, the RRMP uses 
the following basic assumptions, goals and objectives for handling, transporting, and rearing 
juvenile steelhead that the District rescues from the lower river: 

 
o District staff will capture the first groups of fry and early YOY rescued from habitats 

downstream of RM 3.25, or Via Mallorca Bridge and transport them to either the Lagoon 
or the Facility.  Based on previous experience, the District will rescue and transport up to 
a maximum of 23,642 fish in this manner, usually much less.  The predominant method 
will be seining for smaller fish, supplemented by backpack electrofishing, if feasible and 
effective. 
  

o As the summer progresses and the rescues proceed upstream of RM 3.25, District 
encounters larger YOY and yearlings.  The RRMP anticipates rescuing up to a maximum 
of 55,164 YOY and 7,189 yearlings in this reach and transporting most or all of them to 
the Facility.  The primary method will be seining, supplemented by backpack 
electrofishing, if feasible and effective.  As temperatures and conductivity rise near the end 
of the rescue season, electrofishing efforts may become ineffective and might be 
abandoned.   

 
o During spring months of dry and critically-dry years, the RRMP anticipates rescuing up to 

5,130 pre-smolts and smolts, and transporting these fish into the Lagoon or Pacific Ocean 
at Stewart’s Cove on the north end of Carmel River State Beach, respectively. 

 
o Rarely, District staff rescue steelhead from reaches below RM 8.5 during fall months, as 

runoff from the first storm hydrographs percolates into the Carmel Valley Aquifer below 
RM 8.5.  While this risk has been reduced by changes to CAW operations, the RRMP 
anticipates that a small portion of fish in the reach below RM 8.5 may need to be rescued 
in the fall months of some years.  Depending on circumstances at the time, these fish would 
be transported to the Facility, upstream habitats, or the Lagoon.  The number of fish at risk 
is likely to be low, and is included within anticipated numbers of fingerling and yearlings 
listed in Table 1-6. 

 
o In Dry and Critically Dry water year types, the District may need to rescue up to 1.5 miles 

of stream in the reach that is bounded by Boronda Road and Robles Del Rio Road Bridges 
between RM 12.7-14.5.  Up to 15,761 YOY and 1,438 yearlings may be rescued from this 
reach less than once every four years.  These fish will be relocated upstream of RM 14.5, 
if there is not room to rear any of them in the SHSRF.   

 
o Occasionally and most frequently during Dry and Critically-Dry years, District staff 

rescues adult kelts, whose downstream migration to the ocean is blocked by receding 
stream flow.  The RRMP anticipates rescuing at most 95 of these fish for transport to the 
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ocean.  Historical estimates of repeat spawning indicate that approximately 20% of the run 
was once comprised of sea-run adults that had spawned twice (Dettman, 1986).  Repeat 
spawners, particularly females, are probably an important fraction of a robust population, 
due to their hardiness and increased fecundity, so maximizing their chances of spawning 
twice may be an important component of restoration and recovery. 

 
Table 1-6 

Life Stages and Numbers of Steelhead Rescued and Transplanted 

Life Stage Rescue/Transplant Locations 
Maximum Annual Carmel River 
Steelhead Rescue and Transplant 

Numbers/Take 12 

Fry-Fingerling (early YOY) rescued 
from RM 1.0 - 3.25 

Lower River/SHSRF, River upstream 
of RM 8.5 or Lagoon (depending on 
Lagoon habitat conditions and prior 

juvenile population) 

23,64213 

Fingerling (late YOY) rescued from 
RM 3.25 – 8.5 

Lower River/SHSRF & River 
upstream of Robinson Canyon Road 

Bridge 
55,16414 

Fingerling (late YOY) rescued 
between RM 12.7 – 14.5 

~1.5 Mile of River Between RM 12.7-
14.5/River Above RM 14.5 15,76114 

Yearling  rescued from RM 1.0 – 8.5 Lower River/SHSRF, River, & 
Lagoon 7,18914 

Yearling  rescued between RM 12.7 – 
14.5 

~1.5 Mile of River Between RM 12.7-
14.5/River Above RM 14.5 1,43815 

Pre-smolts and Smolts Lower River & Lagoon/SHSRF, 
Lagoon & Stewart’s Cove 5,13015 

Adults Lower River/Stewart’s Cove 9516 

Totals  108,419 

 
1.12.3 Maximum Annual Fish Rearing and Release Target Levels by Life Stage and 

Location:  

Based on experience to date and as outlined in Table 1-7, the RRMP uses the following basic 
assumptions, to develop maximum targets for, rescuing, rearing, and releasing juvenile steelhead 

12 Accounts for estimates of fish rescued and transplanted by the Carmel River Steelhead Association (CRSA) in some 
prior years. 
13 Assuming either 0 - 2.25, 0 - 5.25, or 0 - 1.5 miles of stream dry up in each of the three rescue sub-areas, with a net 
fish rescue rate including (2% transport mortality of 10,507 YOY per mile). 
14 Assuming 0 - 7.5 or 0 - 1.5 miles of stream dry up in each of the two rescue sub-areas, with a net fish rescue rate 
including (2% transport mortality of 959 yearlings per mile). 
15 Based on number of smolts rescued in 1994 and 2007, could be higher depending on juvenile population levels and 
magnitude/timing of spring flow recession. 
16 Number of adult kelts is based on rescues during spring 1994 and 2007. 
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in the Carmel River Basin: 
 

o In some fraction of future years, the District expects natural reproduction will begin to fully 
seed perennial habitats in the river upstream of Robinson Canyon Road Bridge with 
juvenile steelhead, and that production in the lower river may simultaneously exceed 
Facility capacity.  Based on this presumption for a worst case scenario, the District will 
stock approximately 42% of the rescued YOY and 83% of the yearlings at the Facility and 
release the surviving number back into the Lower River, once conditions are favorable.17  
All other rescued fish will be relocated wherever the District determines is best (likely 
above RM 14.5), based upon the prior fall’s estimated fish densities, after consultation and 
approval by NMFS and CDFW.  The number of fish rescues has exceeded Facility 
capacity, as defined in Section 7, in only two of the sixteen years of operation to date, 
between 1996-2012 (12.5%).  

 
o Based on anticipated maximum rescues of fry-fingerlings in the reach below RM 3.25 and 

existing Facility survival rates, the RRMP anticipates releasing up to a total of 14,776 fish, 
including 11,281 fry immediately following their rescue and 2,955 YOY from operations 
at the Facility.18 

 
o Based on anticipated maximum rescues of fingerlings and yearlings in the reach between 

RM 3.25-8.5, plus occasionally up to 1.5 miles between RM 12.7-14.5, and existing 
Facility survival rates, the RRMP anticipates releasing up to a total of 61,860 fish, 
including 43,343 fingerlings and 1,438 yearlings immediately following their rescue, and 
11,722 YOY and 5,356 yearlings from operations at the Facility.19  The District will release 
all of the YOY in the reach between the Robinson Canyon Bridge (RM 8.5) and the Lagoon 
and all of the yearlings downstream of Valley Greens Bridge (RM 4.8).   

 
o Depending on river conditions, the RRMP anticipates releasing upwards of 5,130 pre-

smolts and smolts into the Lagoon (pre-smolts), or the ocean at Stewart’s Cove on the north 
end of Carmel River State Beach (smolts). 

 
o As outlined in Section 1.12.2, kelts rescued from the River will be transported and released 

into the ocean at Stewart’s Cove. 

17 Sections 6 and 8 provide a detailed analysis of the maximum numbers of rescued steelhead that are anticipated 
within the RRMP. 
18 Anticipated releases of YOY include the survivors of fry-fingerlings historically acquired in some years from 
volunteer rescue crews that were stocked and reared at the Facility. 
19 Anticipated releases of YOY and yearlings include the survivors of fingerlings and yearlings historically acquired 
in some years from volunteer rescue crews that were stocked and reared at the Facility. 
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Table 1-7 
Life Stages and Anticipated Maximum Numbers of Steelhead Rescued and Released (No Rearing) or Rescued, Reared and Released 

Data are based on historical fish rescues. Facility survival rates are based on historical percentages for the Facility during the rearing period starting in June 
and extending to January - March 

  Release Location Release Data 

Life Stage  Rescued-and-Relocated 
(no Rearing) 

Post Rescue-and-
Rearing  

Maximum 
Annual 

Encountered 

Expected 
Rescue and 
Transport  
Survival 

Rate 

Maximum Annual 
Rescued-and-
Relocated (No 

Rearing) 

Maximum 
Annual 

Placed in 
SHSRF 

Expected 
Facility 
Survival 

Rate 

Maximum 
Annual 

Rescued-
Reared-

and-
Released 

Net Total 
Relocated + 

Reared-
and-

Released 

Fry-Fingerling 
(early YOY)  Lagoon (RM 0.0)  Lower River (RM 

3.5) 24,124 98% 11,82120 11,82120 25.0% 2,95521 14,776 

Fingerling 
(late YOY)  

Esquiline Road (Above 
RM 14.5)  

 Robinson Canyon 
Road (Below RM 

8.5) 
 72,372 98% 43,343 27,582 42.5% 11,72222 55,065 

Yearling  Esquiline Road (Above 
RM 14.5)  

 Valley Greens 
Road (RM 4.8) and 
Lagoon (RM 0.0) 

8,803 98% 1,438 7,189 74.5% 5,35623 6,794 

Pre-smolts 
and smolts 

Lagoon (RM 0.0) or 
Pacific Ocean @ 
Stewart's Cove 

N / A 5,400 95% 5,13024 0 N/A N/A 5,130 

Adults 
Pacific Ocean @ 

Stewart's Cove or 
Above RM 8.5 

N / A 100 95% 9525 026 N/A N/A 95 

Totals     110,800   61,827 46,592   20,033 81,860 

20 Based on assumptions: initial rescued group of 23,642 fry successfully transported with 50% of the fry into the Lagoon. 
21 Based on the following assumptions, initial rescued groups of 11,821 fry (from footnote 20, including historic numbers from volunteer rescues in some prior years) are 
stocked at SHSRF and survival equals 25% during rearing period from June through Jan-March (11,821 * 0.25 = 2,955). 
22 Based on the following assumptions, initial rescued groups of 55,164 fingerlings (from District rescues and accounting for contributions from volunteer rescues in some 
years); 50% are stocked at SHSRF and survival equals 42.5% during rearing period from June through Jan-March (27,582 * 0.425 = 11,722).  
23 Based on the following assumptions, initial rescued groups of 8,627 yearlings (from District rescues, and volunteer rescues in some prior years); 7,189 (83%) are 
stocked at SHSRF and survival equals 74.5% during rearing period from June through Jan-March (7,189 * 0.745 = 5,356). 
24 The number of smolts is based on fish rescued and transported during spring 1994 and 2007, with an assumed survival of 95%. 
25 The number of kelts is based on assumptions that the adult run in the Carmel River is 500 fish, 20% of the spawning adults survive as kelts, and all of the kelts are 
blocked from migrating to the ocean. 
26 All kelts will be released at Stewart’s Cove, ripe adults will be released upstream to spawning areas above RM 8.5. 
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1.13 Current SHSRF Program Performance, Including Estimated Fish Survival Rates, 
Adult Production Levels, and Escapement Levels: 

Summary of 1996-2012 SHSRF Fish Stocking and Releases – Since construction in 1996, the 
District has final operational data for the Facility during 14 rearing seasons (Table 1-7).  Reports 
for the Facility and files on record for 1996-2012 show the District stocked 204,336 juvenile fish 
during this period and released 87,299 fish with release numbers ranging from a low of 409 in 
1996 to 14,721 in 2008.  The operational periods ranged from 106 days in 1996 to 239 in 2012.  
Annual survival averaged 53% and ranged from a low of 14% in 1999 to 86% in 2010, whereas 
overall survival combined across all years was 43%.  In 2005, the overall survival rate was 57%, 
the best result for a season in which the District stocked large numbers of steelhead over an 
extended rearing season. 

Recent results are favorable compared to the modeled survival rates reported in the literature 
(Satterthwaite et al. 2009).  These rates indicate that the combination of the cooling tower, 
quarantine protocol, feeding regime, protection from avian predators, and naturalistic habitat in 
the rearing channel is successful in rearing wild-caught juvenile steelhead. 

1.14 Date Program Started (Years in Operation), or is Expected to Start: 

The CRSA rescue program started in 1985 and was supplemented by District efforts in 1989 as 
part of an Interim Relief Program.  Mintier and Associates (1990) prepared the Water Allocation 
Program Final Environmental Impact Report (EIR) for the District.  The Final EIR analyzed how 
five levels of annual CAW water supply production, ranging from 16,744 acre-feet per year (AFY) 
to 20,500 AFY, affected the steelhead resource in the Carmel River.  In November 1990, the 
District Board certified the Final EIR, adopted findings, and passed a resolution that set a new 
water allocation limit of 16,744 AFY for CAW water supply production from the Carmel River, 
and 3,137 AFY for non-CAW water supply production, resulting in a total allocation of 19,881 
AFY for the water resource system. Although the new limit was the least damaging alternative of 
the five options analyzed in the Final EIR, it was estimated that water supply production at this 
level would result in significant, adverse impacts to the steelhead resource. In response, the 
findings adopted by the District included a Five-Year Mitigation Program and several general 
mitigation measures.  

Since 1995, three separate non-District actions further lowered CAW’s water supply production 
limit.  In July 1995, the State Water Resource Control Board (SWRCB) adopted Order No. 95-10 
ordering CAW to ultimately reduce its production in the Carmel River Basin from its historical 
average of 14,106 AFY to 3,376 AFY.  Further, in March 2006, California Superior Court ordered 
CAW to incrementally reduce groundwater pumping in the coastal subareas of the Seaside 
Groundwater Basin to 1,474 AFY based on the final judgment in the basin adjudication. 
Accordingly, the practical annual limit for CAW from the Carmel River and Seaside Groundwater 
Basins for its main system was set at 12,196 AF for Water Year 2015. These actions did not affect 
the implementation of mitigation measures adopted by the Board in 1990. 

The District started the Five-Year Mitigation Program in July 1991, and initially authorized 
funding until June 30, 1996 (end of Fiscal Year [FY] 1996).  In July 1995, the SWRCB directed 
CAW to carry out any aspect of the Five-Year Mitigation Program that the District did not choose 
to continue after June 1996.  In October 1996, following public hearings and Board review of the 
program during its first five years, the District Board adopted an Implementation Plan for 
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continuation of the Mitigation Program for FY 1997 through FY 2001. To date, as part of the 
annual budget approval process, the District Board has voted to continue the program. The 
mitigation program presently accounts for a significant portion of the District budget expenditures. 

Findings Nos. 387 through 404 adopted by the Board on November 5, 1990 describe mitigation 
measures associated with the Water Allocation Program under the California Environmental 
Quality Act (CEQA) (Pub. Res. Code 21081.6).  CEQA requires that the District adopt a reporting 
or monitoring program to insure compliance with mitigation measures when implementing the 
Water Allocation Program.  Many entail preparation of annual monitoring reports.  Since inception 
of the Five-Year Mitigation Program, the District has produced and circulated 22 monitoring 
program reports including 21 Annual Mitigation Reports (most recently the 2011-2012 Report 
(MPWMD 2013) and a Five-Year Evaluation Report (MPWMD 1996). 

1.15 Expected Duration of Program: 

The adoption of the 1990 Water Allocation Program linked the current Mitigation Program to 
water supply production limits for the CAW and non-CAW sources within the Monterey Peninsula 
Water Resources System.27  As such, the District is obligated to continue the rescue and rearing 
activities under the Mitigation Program so long as the impacts associated with water production 
continue.  Based on this relationship, the District expects to continue the Mitigation Program as 
long as CAW and other private pumpers continue to withdraw water from the Carmel River Basin 
in ways that affect public trust resources, especially steelhead and riparian vegetation.  If the 
District decided to abandon fish mitigation activities, CAW would be required to continue the 
program under direction from the SWRCB until it reduces its diversions in the Carmel River to its 
legal water rights limit of 3,376 AFY.  When CAW’s new “Monterey Peninsula Water Supply 
Project”28 is constructed and operated to reduce withdrawals of groundwater and surface water by 
2021, it is conceivable that the District may reduce the scope of the Mitigation Program.  On 
October 20, 2009, the SWRCB issued a final Cease and Desist Order to CAW regarding its 
continued unauthorized diversions from the Carmel River (SWRCB, 2009).  Full implementation 
of the proposed order would reduce CAW water supply diversions to 3,376 AFY.  This amount 
combined with 3,046 AFY from non-CAW diversions yields 6,422 AFY, which may still be 
sufficient to dry up some reaches of the river in many years. 

1.16 Watersheds Targeted by Program: 

The RRMP targets steelhead in the Carmel River watershed, specifically those residing in or 
migrating through the mainstem of the Carmel River from Robles del Rio downstream to the 
Pacific Ocean, and includes the Carmel River Lagoon.  While allowed by the 1990 Water 
Allocation Program FEIR, the District is willing to rescue fish from tributaries within District 
boundaries, if requested to do so by NMFS or CDFW.  This includes Portrero, Robinson, Las 
Garzas, Hitchcock, Tularcitos, San Clemente, and Cachagua Creeks.  Steelhead rescued in the 
mainstem likely benefit sub-populations in tributaries because their parents may have spawned or 
they may originate in tributaries.  

1.17 Indicate Alternative Actions Considered for Attaining Program Goals, and Reasons 

27 The Monterey Peninsula Water Resource System consists of the Carmel River, its tributaries, the Carmel River 
Alluvial Aquifer and the Seaside Coastal Subareas. 
28 http://www.watersupplyproject.org/ 
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Why Those Actions are Not Being Proposed 

Alternative actions for restoring and maintaining a viable steelhead population in the Carmel 
River Basin include: 

1) Construction of a New Water Supply Project – An adequately-sized water supply project
or series of component projects to further reduce CAW diversions from the Carmel River
to approximately 3,376 AFY, during only the wetter six months of each year, is being
planned for operation by 2020.  Progress on a new water supply depends on actions by
several public agencies including the Public Utilities Commission, MPWMD, the SWRCB,
and the California Coastal Commission. While new projects have the potential to address
CAW’s current unauthorized diversions, the time needed for planning, design and initially
implementing any of the projects is extensive and could extend beyond currently projected
schedules.

2) Hatchery Construction and Operation – One alternative to conducting rescues would be
construction and operation of a hatchery to compensate for loss of spawning and rearing
habitat below the Narrows.  While this may be a feasible alternative for addressing the loss
of spawning habitats and fry from habitats below the Narrows, it does not address the loss
of older juveniles, smolts, and adults that would continue without conducting fish rescues.
In addition, current NMFS and CDFW policy does not favor use of hatcheries as a
permanent means of addressing impacts caused by water diversions, as it provides little
incentive to restore streamflow and natural habitats. Further, hatcheries require year-round
water flow and optimal temperature and chemical conditions during winter runoff periods
and it may be infeasible to supply water to a hatchery in the Carmel River during the winter
periods, nor operate one during periods of drought.

3) Rescue and Rear a Targeted Number or Proportion of Fish, and Do Not Relocate Any –
Through review of the information in this RRMP, the NMFS and CDFW could choose to
instruct the District to rescue a reduced number of fish, setting a cap on rescues equivalent
to or less than the SHSRF’s hypothetical rearing capacity.  So far this would have only
affected our normal operations and significantly curtailed rescues in 2008, but depending
on the target set by the regulatory agencies, it may also curtail operations in any future
years similar to 2001-2003 and 2005.  Since there is no way to predict how many fish will
be rescued in any year, one cannot conduct rescues and randomly subsample a portion of
the fish being rescued, to avoid a rescue cap, leaving the rest behind to die.  Without a
predefined target to rescue only a portion of fish encountered each year as long as the river
dries back, the rescue effort would end up being a selective force on the population,
choosing just the first fish exposed to the risk of dewatering, and ignoring the rest.  The
current approach to rescues is relatively non-selective.  This alternative would likely be
deemed inadequate by community advocates, and could be judged to be inadequate
compliance with the 1990 Allocation EIR under CEQA, requiring supplemental
environmental analysis, CEQA documentation, and public review.

4) Only Rescue and Relocate, But Do Not Rear Rescued Fish – In lieu of stocking and rearing
all the rescued fish in the Facility, the District has stocked a portion of the fish into
perennial habitats upstream of the Narrows and into the Carmel River Lagoon.  While this
RRMP anticipates continuing some portion of this activity under specific circumstances, it
may be impractical to stock all or most of the rescued fish into permanent water upstream
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in some years when juvenile populations are high in the perennial reaches.  The primary 
concern is that planting additional fish upstream may supersaturate natural habitats with 
juvenile fish, leading to intraspecific competition and predation, and may reduce overall 
production in the juvenile population if overcrowding occurs.  Relocation also does not 
return juvenile fish to where they were rescued, to help them re-imprint on their original 
location.  Based on these concerns, this RRMP anticipates minimizing this practice, except 
in special cases where the perennial habitats are under-seeded with fry, rescue numbers 
exceed Facility capacity, or unforeseen emergencies preclude bringing the Facility on line 
in time to accept rescued fish. 
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2 PROGRAM EFFECTS ON NMFS ESA-LISTED SALMONID POPULATIONS  

Implementation of the District’s Carmel River Steelhead Rescue and Rearing Program over the 
last 17 years has had no apparent negative effects on the local steelhead population to date and has 
saved 383,046 fish that would otherwise have been lost.  It is likely that the District’s program, 
and other volunteer rescue efforts, contributed to the recovery of the run since its interruption for 
three years in the late 1980’s.  However this RRMP is still required to analyze any potential affect 
the ongoing program could have on steelhead residing in the Carmel River through mechanisms 
such as intraspecific competition/predation, or by shifting the age-class composition of returning 
adults.  Secondarily, the program has the potential to affect other nearby listed steelhead 
populations via the straying of breeding fish from the Carmel River into adjacent or nearby 
streams.  This section reviews existing information on intraspecific competition/predation amongst 
cultured and wild steelhead/salmonids; assesses the likely degree of straying from the Carmel 
River to other nearby streams, and the risk of intraspecfic competition and predation associated 
with rearing rescued steelhead on the existing population; and develops means for reducing 
potential impacts associated with competition, predation and straying. 
 
2.1 List all ESA Permits or Authorizations in Hand for the MPWMD RRMP: 

The District historically implemented steelhead rescues and the rearing program under 
authorization from the CDFW, which issued an annual letter permit to conduct rescues and 
negotiated a memorandum of agreement to rear juvenile steelhead.  These authorizations were 
indirectly covered under 4d rules promulgated by NMFS in 2001, but have not been specifically 
covered by separate authorization under the Federal ESA.  The purpose of this permit application 
is to seek authorization for the RRMP under the authority of Section 10 of the ESA.   
 
The District is not required by the USFWS to have a Section 10 Permit for encountering red-legged 
frogs (RLF) during our steelhead rescues (Chad Mitcham, USFWS, pers. comm.), as we conduct 
thorough pre-project surveys in order to avoid take of the species.  District biologists that conduct 
pre-project surveys are deemed ‘qualified biologists’ by the USFWS, as they have had formal 
training in RLF biology, identification, and handling, and ten or more years of experience 
encountering RLF in the field.  In most years our rescues start after RLF eggs have hatched, and 
whenever we encounter or observe RLF eggs or juveniles we cease rescues in that area and call 
Cal-Am’s consultant Dawn Reis.  Ms. Reis is Federally and State authorized to rescue and relocate 
RLF annually in the Carmel River Watershed under a Federal ESA recovery permit (TE-057714) 
and her State Scientific Collecting Permit.  We do not return to continue rescues in the vicinity 
until she has informed us that all RLF have been removed.  Ms. Reis informs us of her re-release 
locations above RM 9, and we do not conduct rescues in those areas, even if there may be steelhead 
present. 
 
2.2 Provide Descriptions, Status, and Projected Take Actions and Levels for NMFS ESA-

Listed Natural Populations in the Target Area 

2.2.1 Description of NMFS ESA-Listed Salmonid Population(s) Affected by the Program: 

The RRMP anticipates directly sustaining and improving the listed steelhead population in the 
Carmel River by increasing survival of fish that would otherwise be lost due to water supply 
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production and its related instream flow reductions, but also potentially increasing intraspecfic 
competition and predation amongst fish reared naturally and from the Facility.  The rearing portion 
of the RRMP may result in a minor, indirect effect on nearby listed steelhead populations when 
returning sea-run adult fish reared from the RRMP stray into non-natal streams.  The following 
sections describe the anticipated direct and indirect effects on listed SCCC DPS steelhead 
populations. 
2.2.1.1 Identify the NMFS ESA-Listed Population(s) that Will be Directly Affected by the 

Program: 

Life History Phases and Potential Effects of the RRMP – As planned, the RRMP directly affects 
two lifecycle phases of the listed steelhead population in the Carmel River including juvenile 
rearing and juvenile emigration, and provides temporary substitutes for the loss of habitats and 
migratory opportunities that are associated with excessive water supply production and the 
seasonal loss of instream flows. 
 
In most years, the RRMP significantly reduces losses of YOY and juvenile steelhead residing in 
the approximately up to 7.5 miles of the river channel between the upper end of the Lagoon below 
Highway 1 (RM 1.1) and Robinson Canyon Road (RM 8.5).  Additionally, up to 1.5 miles of 
habitat in the reach between Boronda Road (RM 12.69) and Esquiline Road (RM 14.45) can be 
dewatered in drier water year types.  The RRMP directly affects the steelhead population in these 
reaches by temporarily substituting artificial habitat and rearing space in the Facility for habitats 
that are lost from drying due to water supply production. 

    
In the spring of some years (approximately 14% since 2000), the RRMP affects losses of migratory 
opportunities for pre-smolts and smolts in the lower river when water supply production exceeds 
available natural instream flows.  Under these circumstances the rescue activities affect a variable, 
but sometimes major portion of the annual smolt production from the river upstream from the 
water supply production zone.  In particular, during a drought or sequence of dry and critically-
dry years, the RRMP is thought to affect the smolt production for as long as drought conditions 
persist and can influence adults returning to the entire basin for several years.  A recent example 
of this occurred during the 1987-1991 drought, when adults were unable to access spawning in the 
upper river and most smolts were unable to successfully emigrate downstream for three years 
(1988, 1989 and 1990) (Figure 2-1).  In those years, almost all the smolts that attempted to migrate 
downstream were rescued and either transported to the ocean or held for use in an experimental 
broodstock program (MPWMD, October 1996).  Under similar infrequent circumstances, the 
implementation of the RRMP directly affects sequential broods of the entire Carmel River 
steelhead population.  More common is an isolated year with extremely low outflows, such as 
occurred in 1994, when intermittent Lagoon outflows and opportunities for emigration were 
limited to a 5½-week period from February 18 to March 29.  Following April 1, 5,262 smolts were 
rescued, including 3,245 from a trapping station at Riverside RV Campground (RM 5.68), 1,992 
from the Lagoon, and 95 from the river below RM 5.68.  While the number of non-rescued smolts 
that successfully emigrated during the 6-week period with outflows is unknown, it is likely that a 
major portion of the total smolt production was rescued, transported and released, because fish 
were trapped in freshwater during a major portion of the normal smolt emigration season.  This is 
substantiated by Figure 2-2 showing the extent of the smolt emigration season, as indexed by the 
percentage of rescued fish that were classified as smolts during the years 1989-1994. 
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Figure 2-1 
Mean Daily Streamflow at the USGS Carmel River, Near Carmel Gage Station 

Jan 1987 to Dec 1992 

 
 

Figure 2-2 
Percentage of Rescued Fish Exhibiting Smolt Characteristics in the Carmel River Rescue 

Years 1989-1994 
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Kelt Rescues and Potential Effects of the RRMP – Few if any adult steelhead or kelts are rescued 
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in most years, ranging from zero in 39% of the years since 1992, to 43 back in 1994, yet annually 
averaging less than six.  While this RRMP projects from theoretical expansions of current rescues 
to levels that might be seen with a fully recovered population, there could be up to 100 kelts 
rescued in some future year, it is unlikely for there to be more than 10 annually.  Kelts are not 
rescued until flow conditions are already so low that their ability to migrate on their own is 
impractical.  Failure to rescue kelts in the lower nine miles of river would undoubtedly result in 
their loss.  Rescuing these kelts and releasing them to the ocean simulates what should have 
occurred naturally were it not for diversions making adult downstream passage infeasible.  A minor 
fraction of the kelts we rescue may have naturally remained in the river under unimpaired 
conditions, but in doing so they would need to prey on juvenile steelhead that are the dominant 
proportion of the freshwater fish fauna, which would not benefit the depressed population.  
Additionally, over summer temperatures in the lower river below Carmel Valley Village are often 
considered suboptimal for steelhead survival.  Thus the best solution for rescued kelts is transport 
and release to the ocean.  Adult size O. mykiss that do not appear to have spawned, or do not exhibit 
steelhead characteristics and appear to be the resident non-anadromous form are moved upstream 
above RM 9.0 to areas we are confident will be perennial habitat in a given water year type. 

 
Description of Adult Age Class Structure and Potential Effects of RRMP – There are no long-term 
studies on the adult age-class structure of the steelhead population in the Carmel River, but fish 
scales collected from several years of adult steelhead returns provide insight into the structure of 
the population.  Dettman (1986) and Benthin, Snider and Dettman (MPWMD files 1989) examined 
188 scales from the 1982, 1985, 1987 and 1988 return years, showing that 75 percent of the fish 
returned as 3- and 4-year-olds (Figure 2-3).  This is similar to the percentage returns of adults to 
Waddell Creek in Santa Cruz County where a long-term study was conducted from 1933 to 1942 
(Figure 2-4).  While there are major differences amongst individual years in the Carmel River, the 
wide variation in return years and the similarities to the age class structure and percentages in 
Waddell Creek indicates that the adult age class structure and the timing of maturation in the 
Carmel River is highly variable yet typical of other populations in central and northern California.  
The wide variation in adult maturation is probably an adaptation to the variable nature of 
freshwater outflows in this part of California and ensures that progeny from a given brood will 
return over a series of years, rather than a single year.  By improving survival of downstream 
emigrants in dry and critically-dry years the RRMP should help to ensure that the patterns and 
range of return years is perpetuated and conserved in the Carmel River. 
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Figure 2-3 
Age Class Structure of Adults Returning to the Carmel River

 
 

Figure 2-4 
Age Class Structure of Adults Returning to the Carmel River and Waddell Creek,  

Santa Cruz Co. 
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Migration Timing and Potential Effects of RRMP – Adult steelhead return to the Carmel River 
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during the period from December through April, with the vast majority of the fish migrating during 
January, February, and March.  The long-term record of daily and monthly counts at the former 
San Clemente Dam site shows that median migration date occurs in early March, 75 percent of the 
run occurs during February and March and 90 percent of the run is usually completed by April 1 
(Figure 2-5).  The timing of steelhead runs and maturation of adults are inherited traits and are 
known to be sensitive to changes in the composition of adult population, especially if affected by 
hatchery production (Busby, et al. 1996).  In winter steelhead populations that are supported by 
hatchery fish, the hatchery adults tend to return earlier, either due to selection for earlier spawning 
broodstock or to faster juvenile growth rates and higher survival in the hatchery.  Whatever the 
cause, the rearing period may regulate the timing of adult returns.  It is unknown whether this may 
be an important factor in the timing of adult returns to the lower portion of the Carmel River, since 
the Facility is not a hatchery, and the rescues and rearing have no apparent bias in their selection 
or production of steelhead.  However, since in most years the majority of progeny from the reach 
below the Narrows are rescued, reared and transported, either to upstream habitats, the Lagoon, or 
to the rearing Facility, the RRMP needs to attempt to consider these potential issues.  If run timing 
is affected by rearing experience, then consistent changes in growth rates or size of emigrants 
might cause a shift in run timing.  Whether this would be beneficial or not is unknown, so the 
safest approach is to reduce the risk of changing the run timing by matching growth rates and the 
size of rescued-and-reared fish to what their natural cohorts would be in a healthy, unimpaired 
river. 

Figure 2-5 
Seasonal Timing of Adult Returns in the Carmel River, Monterey County, CA 

 
 
Spawning Range and Timing and Potential Effects of RRMP – During most years, steelhead can 
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access approximately 65 miles of stream with suitable spawning habitats in the Carmel River 
Basin, including 28.5 miles of the mainstem Carmel River.29 Approximately 57 percent, or 16.3 
miles, of the viable spawning habitat is below the former San Clemente Dam site, and the habitat 
below the Narrows makes up 7.3 miles, or at least 45 percent of the spawning habitat based on 
lineal mileage.30 The RRMP should improve the success of adult spawning in the reach below the 
Narrows because the progeny and steelhead fry rescued originate from the nests in the near 
vicinity. The improved survival of juveniles from this area should help to sustain the spatial 
distribution and temporal use of spawning habitats below the Narrows. In particular, the RRMP 
may preferentially bolster returns of the lagoon-anadromous life history form of steelhead by 
transplanting fish from the area below the Narrows into the Carmel River Lagoon each year, 
thereby acting as substitute for natural migration opportunities that are lost due to pumping from 
the Aquifer in the Lower Carmel Valley. 

 
Juvenile Life History Strategies and Potential Effects of RRMP – As recently reviewed by NMFS 
(2007) and described in more detail by Boughton, et al. (2006), steelhead in the SCCC DPS exhibit 
a wide variety of life history patterns including three primary forms: fluvial-anadromous, lagoon- 
anadromous and freshwater-resident. These basic forms have been documented in the Carmel 
River by scale analysis, and by observations of migrating and spawning fish.31 The analysis of 
adult scales for the fluvial-anadromous form shows varying lengths of freshwater residence 
ranging from one to three years, but with high inter-annual variation (Figure 2.6). The overall 
pattern of freshwater residence is similar to Waddell Creek during the 1930-1940s, but appears to 
include a higher percentage of one-year olds, fewer three-year olds and no four-year old juveniles 
(Figure 2.7). 

 
 
 
 
 
 
 
 
 
 
 
 
 

29 In 2004 MPWMD estimated extent of spawning habitat was 61 miles, including 24.5 miles in mainstem Carmel 
River. (MPWMD 2004; Table 5.5.1.1-A) More recent information indicates that the lower limit and distribution of 
consistent spawning habitat now extends downstream to RM 2.3, resulting in an additional 4 miles of spawning habitat. 
30 Based on actual spawning habitat area, the percentage of spawning habitat below the Narrows may be greater than 
45 percent because the quantity and quality of gravels in the reach immediately below San Clemente Dam are 
constrained by entrapment of bedload in San Clemente Reservoir. 
31 Scale analysis of 188 adult returns (Dettman 1986, and District and CDFW files including scale reading by Dettman 
and Snider on November 29, 1988) and 508 juveniles (Dettman 1986) provide documentation for a variety of fluvial- 
anadromous and lagoon-anadromous life history patterns. Dettman and Kelley (1986) observed and documented a 
high proportion of sexually mature freshwater-resident steelhead (Fork length <160 mm) above Los Padres Dam in 
1982. District files include notes on observations and data documenting migration and spawning of freshwater- 
resident and fluvial-anadromous patterns at San Clemente Dam (fish counter video and observations of spawning 
during 1987-1991 drought) and Los Padres Dam (fish trap data for 1992, 1996 and 1999). 
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Figure 2-6 
Freshwater Residence for Samples of Adult Steelhead Returning to the Carmel River 
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1 Based on analysis of 188 f ish scales for return years 1982, 1985, 1987, and 1988.  Sources: Dettman(1986) and 
MPWMD and CDFG files including scale reading by D.H. Dettman and W.M. Snider, November 29, 1988.

 
Figure 2-7 

Comparison of Freshwater Residence Time for Adult Steelhead in the Carmel River and 
Waddell Creek 
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Waddell Creek from Table 28 in Shapovalov and Taft (1954) for 1934-1942 return years.

 
The patterns and dissimilarities amongst fish in the Carmel River and in Waddell Creek may result 
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from highly variable and instable freshwater flows, habitat and migration opportunities in the 
Carmel River, or may be an artifact due to the particular sequence of return years and low numbers 
of scales that were examined.  Regardless, there is good evidence to show that the Carmel River 
supports a wide variety of life-history patterns.  The RRMP may influence these patterns by 
increasing or sustaining the proportion of fish exhibiting specific life history patterns.  For 
example, if the subpopulation of fish in the lower Carmel River exhibits a high proportion of fish 
with the lagoon-anadromous pattern, the RRMP may increase the relative proportion and numbers 
of fish with this pattern by increasing the survival of their progeny through rescues, transplants 
and rearing.  On the other hand, the benefits of increased survival could be partially negated if 
rescued fish were consistently reared to large size thereby reducing the proportion of fish with long 
freshwater residence times.  Under this circumstance, the RRMP could strongly select for high 
growth rates and shorter freshwater residence time and reduce the variation in life history patterns, 
especially over the short-term. It is unknown whether this would lead to detrimental long-term 
changes. To avoid shifting age-class structure, procedures are implemented to avoid excessively 
enhancing growth rates of rescued-and-reared fish. See Section 7.4 for more details on these 
procedures. 

 
Competition, Predation and Potential Effects of RRMP – The RRMP anticipates maximum annual 
releases of juvenile steelhead totaling approximately 81,860 fish including 20,033 from the 
Facility and 61,827 from other rescue and transplant operations (Sections 1 and 8, this RRMP).  
Further, usually only in dryer water year types, the RRMP anticipates releasing some of these fish 
into habitats that may be occupied in part by fish of the same population, brood years or family 
lineage.  While the RRMP attempts to minimize transplants of rescued or reared fish into occupied 
habitats (see Section 8), there is still some risk that transplanted fish may compete with or predate 
on their cohorts. 

 
The issue of competition amongst juvenile stream salmonids has been extensively studied and 
reviewed by Hearn (1987) for interspecific competition.  While this review focused on 
interspecific competition (between species), the foundations and ecological principles underlying 
interspecific competition also apply to intraspecific competition, i.e. competition within a 
population or cohort of one species.  For juvenile steelhead these principles include: 

 
1. As noted by Hearn (1987) and defined by Birch (1957, p. 6), "Competition occurs when a 

number of animals (of the same or different species) use common resources the supply of 
which is short; or if the resources are not in short supply, competition occurs when the 
animals seeking that resource nevertheless harm one another in the process." 

 
2. Further as noted by Hearn (1987), “Because two species rely on the same resources, 

competition is not inevitable. For it to occur, resource demand must exceed resource 
availability (Jaeger 1974).”  This is important for situations in the Carmel River where 
habitats for rearing juvenile steelhead vary seasonally as a direct function of available 
streamflow.  Flows are often restricted to the point where decreasing habitat forces 
increased fish density, and combined with increased competition both are likely limiting 
fish abundance (Dettman and Kelley 1986, pp 82-89). 

 
3. In reviewing the role of food and space in regulating salmonid populations, Chapman 

(1966) speculated that summer population density is controlled by space/food mechanisms 
or space/shelter mechanisms.  Subsequent to this review many studies and other reviews 
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have documented this basic mechanism; food availability affects density and fish growth 
in juvenile salmonid populations and regulates overall population density through 
competitive interactions (Symons 1968 & 1971; Brocksen, Davis, and Warren 1970; 
Warren 1971; McFadden 1969; Jenkins 1969; Slaney and Northcote 1974; Li and Brocksen 
1977; Wankowski and Thorpe 1979; Smith and Li 1983; Bachman (1984); Vincent (1987); 
Hearn (1987); and McMichael, et al. 1997). 

 
4. In natural stream habitats, intraspecific behavioral interactions between juvenile steelhead 

function to reduce direct competition for food by reducing energy expenditures needed to 
capture food. Access to food is primarily through drift, with larger fish having ability to 
feed on drifting insects in higher velocity water, as they are better able to sustain position 
in fast water (Smith and Li, 1983). When food is super abundant, territorial interactions 
breakdown and/or more fish can be supported in a given area (Slaney and Northcote 1974; 
Procarione, Barry and Malison 1999; Akbulut, et al 2002).  This occurs frequently in 
hatcheries were excess food is supplied and probably in natural streams where benthic 
macroinvertebrates and drifting food supplies are locally abundant in productive riffle 
habitats. 

  
5. When food supply is severely limited, or the habitat is severely crowded, some individual 

fish may outcompete their cohort through competitive exclusion to food sources or predate 
(cannibalize) other juveniles in their cohort.  Though not well studied in natural origin 
juvenile steelhead populations, there is evidence from other fish species that salmonid 
populations are influenced by predation and cannibalism (Hawkins and Tipping 1999; 
Flagg et al. 2000).  At the Facility some of the natural-origin juvenile steelhead are capable 
of exceptional growth and have cannibalized their cohort. This impact was first noted 
during the 2000 rearing season, when mortalities in the rearing channel were higher than 
expected on the basis of known deaths, and a small portion of the stocked fish grew to 
exceptionally large size (Dettman 2001).  This occurred despite the fact that initial loading 
densities (0.026 pounds/cubic-foot) were only 1/20th the level recommended by Flagg and 
Nash (1999) for conservation hatcheries.32 

 
6. Competition and predation between fish reared naturally and those reared artificially has 

received considerable attention over the last twenty years.  Interest has heightened as 
natural salmon and steelhead stocks declined, despite or in concert with increases in 
hatchery produced fish.  Numerous and oftentimes contentious debates have focused on: 
1) the competitive impacts of releasing large numbers of hatchery fish into natural 
populations; 2) the increased survival rates of hatchery fish during rearing, but lower 
survival rates once they are released; 3) on the disparate impacts of intensive fisheries on 
natural versus hatchery fish; and 4) whether to continue hatchery operations (White 1992; 
Waples 1999; Bisson, et al. 2002; Myers, et al. 2004; and Brannon 2004).  While these 
controversies have centered on the relative roles of hatchery and natural origin fish and 
potential risks of hatchery production to recovery of wild stocks, many of the mechanisms 
and interactions noted for hatchery/wild fish may also apply to interactions between natural 
origin fish that are reared in natural versus artificial habitats.  In particular, the evidence 
indicates that artificially reared steelhead (regardless of their origin) potentially compete 

32 See Section 7 of this RRMP for a review and discussion of protocols and operations designed to minimize risk of 
predation and cannibalism in the Facility. 
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for food and space with their wild cohorts, displace them from habitats, and prey on the 
them in certain circumstances (Vincent 1987; McMichael, Sharpe and Pearsons 1997; 
Hawkins and Tipping 1999; Flagg, et al 2002). 

  
Based on the above information and review, the primary effects of releasing artificially 
reared, natural origin juveniles into the wild population are reduced growth, displacement, 
and possibly predation.  The common thread in these mechanisms and the potential severity 
of the impacts is the relative size difference between the two groups in weight and numbers.  
Thus, releasing large numbers of weighty juveniles into a sparse population of smaller wild 
fish is likely to produce the greatest risk of competition, displacement, and predation.  At 
this time the best management practice to avoid competition and predation is to artificially 
rear the rescued fish to similar sizes as wild fish, or no larger a size distribution than would 
be expected in a healthy river, and to release small groups of them into areas with surplus 
habitats, with the largest smolts and pre-smolts as far downstream as possible (see Section 
6 for a description of release protocols). 

   
Smolt Emigration Timing, Residual Fish and Potential Effects of RRMP –Carmel River smolts 
emigrate primarily during the mid-February through late May period (Figure 2-2).  While the 
presence and release of artificially reared steelhead could change the migration timing of wild fish 
through displacement, the most serious impact of artificially reared fish relates to whether their 
emigration is delayed or disrupted, resulting in residual fish that stay in freshwater for another 
summer or in the extreme case do not leave freshwater.  If the number of residual fish increased 
they could compete with wild smolts and prey on smaller juvenile steelhead.  While any steelhead 
population is likely to have some residual fish as a normal phenotypic variation and adaptation to 
extended droughts, a high frequency of residual fish may unnaturally shift the population into this 
life history pattern. There is historical evidence of this occurring in the upper Carmel River; in 
1982 Dettman and Kelley (1986, page 53) found that 78% of the yearling and older and 19% of 
the young-of-the-year fish were maturing “resident rainbow trout” with developing milt or eggs. 
High growth rates or smolt sizes greater than 200 mm are associated with high proportions of 
residual fish (Partridge 1986).  Even at smolt sizes less than 200 mm residual steelhead can form 
a high proportion of the population.  For example, recent work in the Klamath River showed 42 
percent of the returning hatchery adults were from releases of smolts averaging 140 -150 mm, 
which were residual fish that had never entered the ocean (Chesney 2003).  The primary effect of 
residual fish could be to disrupt the anadromous life history pattern; and while higher survival to 
adult return might result for the reared fish in some years, their competitive size advantage and 
predaceous nature could depress the survival of the naturally produced juveniles.  This RRMP 
includes a goal of producing smolts in a similar size range (150 – 200 mm) to the natural 
population, which should minimize the risk of selecting for residual fish.  

         
2.2.1.2 Identify the NMFS ESA-Listed Population(s) that May be Incidentally Affected by 

the Program:  

There is a small chance that RRMP fish could indirectly affect other nearby listed populations 
within the SCCC DPS, notably San Jose Creek, Garrapatta Creek, Rocky Creek, Bixby Creek and 
the Little and Big Sur Rivers.  Since RRMP fish are sometimes transported and released 
downstream of their natal rearing areas or transported and released directly into the Lagoon or 
ocean there is chance that the RRMP fish will stray away from the Carmel River when they return 
as sea-run adults.  The risk of this happening probably increases following a series of dry and 

39 10/19



critically dry years, when a major portion of the juvenile and smolt population is rescued and 
transported. 

 
No specific straying data exists for natural steelhead that are rescued and reared as YOY/juveniles 
and subsequently transported and released as smolts.  Shapovalov and Taft (1954) measured 
straying rates for the natural steelhead returning to Waddell Creek and for plants of hatchery fish 
in Scott Creek in nearby northern Santa Cruz County.  They found the rates were low, ranging 
from 1.9 percent for fish straying from Waddell Creek and 2.9 percent for hatchery fish planted in 
Scott Creek.  With this RRMP the location and timing of smolt releases are not directly comparable 
to these historical studies, but it is likely that straying rates for fish from the Facility are likely to 
fall within the range of 2-3 percent found in Waddell and Scott Creeks.  The impact of this straying 
on nearby populations will be to maintain gene exchange amongst adjacent populations which may 
help to restore populations within the DPS.  
 
2.2.2 Status of NMFS ESA-Listed Salmonid Population(s) Affect by the Program 

2.2.2.1 Describe the Status of the Listed Natural Population(s) Relative to “Critical” and 
“Viable” Population Thresholds: 

The Technical Recovery Team (TRT) for the South-Central and Southern California Coast 
Recovery Domain completed a draft report on viability criteria for steelhead of the South-Central 
and Southern California Coast DPS (NMFS March 2007).  The TRT recommended criteria for 
population units including adult population size and the SCCC DPS.  The population criteria for 
the whole DPS included adult population size, ocean conditions, population density and 
anadromous fraction with a viability threshold size of 12,500 adults/generation and a population 
of 12,500 anadromous adults persisting during sequences of poor ocean conditions.  The TRT 
noted there was insufficient data to recommend a threshold for adult population density.  Pending 
further analysis, the amount of the overall recovery target for the entire DPS that is being allocated 
initially to the Carmel River in the South-Central California Coast Steelhead Recovery Plan, is 
4,150 annual spawning adults (Section 6.3.1.1 of NMFS 2013).  Based on this preliminary set of 
criteria and accounting for a high degree of uncertainty, the Carmel River steelhead population 
appears to be below the viable threshold as indexed by adult counts.   During the last forty years 
the adult population size as indexed at San Clemente Dam has ranged from zero to 1,350 adults 
(Figure 2-8).  Data from the early period (1962-1973) were indices based on visual counts of 
steelhead in the ladder at the former San Clemente Dam site, while data since 1994 and from 1974, 
1975 and 1984 are based on records of fish jumping a false weir or passing through a counting 
station in the ladder and represent complete counts.  Counts at the former San Clemente Dam site 
are not an accurate  record of total adult returns to the river because prior to 1966 and following 
1993 the habitats below San Clemente Dam consistently produced juveniles, smolts and returning 
adults.  During the intervening period from 1966 to 1992, the production of fish from habitats 
below San Clemente Dam was spotty and inconsistent due to extensive groundwater withdrawals, 
especially below the Narrows at RM 9.61.  While the record of adult counts is not complete, it 
provides the only data set for adult returns in the SCCC DPS.  Several patterns are evident in the 
data set including: 
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Figure 2-8 
Historical Counts of Adult Steelhead Passing Over San Clemente Dam 

 
 

Prior to the 1976-77 drought the run fluctuated nearly consistently from one extreme to another, 
ranged from approximately 100 to 1,350 fish and averaged 778 fish at San Clemente Dam.  
Dettman and Kelley (1986) attributed this biannual fluctuation to corresponding extreme variations 
in springtime outflows during the previous years when smolts emigrated to the ocean. 

  
During the period with increasing water supply production from the lower Aquifer (from 1966 to 
1996) the run averaged only 126 fish and ranged from zero to 380 fish with several years of zero 
counts (1976, 1977, 1988, 1989 and 1990). In terms of viability, the run was at its lowest point 
during this period and may have collapsed without intensive efforts to rescue and transport smolts, 
institute an emergency broodstock program, begin water releases from San Clemente Dam and 
control the impact of fishing mortality. 

 
Subsequent to 1995, the run rebounded from the historically lowest levels and now averages 446 
[1996-2013] and ranges from 95 to 861.  In terms of viability, the run is still well below the 
preliminary threshold recommended by the TRT, but is probably well above “critical” values, as 
may have persisted during the 1976-1995 period.  Conditions in the river below San Clemente 
contribute to the recent improvements and ongoing status of steelhead in the basin.  Notably, 
beginning in 1983 with enforcement of CDFW Section 5937 and with implementation of 
conditions in SWRCB Order 95-10 [and subsequent modifications in 1998, 2000, 2002, and 2009] 
the CAW water supply production facilities in Carmel Valley were managed to maximize 
streamflow releases at San Clemente Dam, to minimize the impact zone of wells in the Aquifer 
and extend river flows as far as possible downstream.  This management has increased viable 
habitats and production of juvenile steelhead in the lower river, compared to the 1976-1995 period.  
Yet, despite these improvements, the run is still impacted by water development in the lower 
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valley, particularly during dry and critically-dry water years when low winter, spring and summer 
flows interrupt or delay migration and reduce habitat values below critical levels needed to sustain 
juvenile steelhead. 
 
2.2.2.2 Provide the Most Recent Progeny-to-Parent Ratios, Survival Data by Lifecycle 

Stage or Other Measures of Productivity for the Listed Population: 

No estimates of progeny-to-parent ratios are available for the population in the Carmel River 
Basin.  This would require a substantial effort to monitor the age-class structure of returning adults, 
estimate smolt numbers, and the age class structure of the juvenile population in the whole 
watershed over an extended period of time and is beyond the scope of monitoring activities 
appropriate for this RRMP. 
 
2.2.2.3 Provide the Most Recent Annual Spawning Abundance Estimates, or any Other 

Abundance Information.  Indicate the Source of these Data: 

MPWMD has periodically estimated spawning distribution and indexed spawning abundance by 
surveying redds in the Carmel River mainstem below Los Padres Dam.  Originally, these surveys 
were only designed to monitor habitat use in specific sites as part of a habitat restoration project, 
so they cannot be used to track abundance over a historical or future time period.  Restricted access 
through thick riparian shoreline vegetation, combined with the annual patterns of hydrology and 
the rivers morphology make it infeasible to conduct the standard bi-monthly pattern of redd 
surveys needed to quantify spawner/redd abundance and due to these constraints we conduct 2+ 
surveys per year. In addition, data are usually only collected during low-flows when conditions 
are feasible to enter the stream safely. Carcass surveys are also ineffective due to the low numbers 
of carcasses observed, and their rapid assimilation into the food chain by riparian mammals and 
birds. 

 
Previously, total run size and spawning abundance was crudely estimated by multiplying the 
former SCD fish ladder counts (Figure 2-8) by a factor of 1.7 to 2, since spawning habitat 
availability and historic CDFW spawning surveys suggest that 40-50% of the run may spawn 
below the former SCD site. With the removal of the SCD, and this fish ladder, there is a clear need 
to find another monitoring station to continue the long standing data record. It is evident that data 
on the status of the steelhead run in the Carmel River are essential to all responsible agencies to 
document the ongoing impacts to, and recovery from, water diversions within the watershed.  

 
Since 1990, the District has surveyed the juvenile steelhead population in the Carmel River below 
Los Padres Dam. This information is used to assess the success of adult reproduction and determine 
whether freshwater habitats are adequately seeded with juveniles.  Over the years, the extent of 
sampling within the 25-mile long reach below Los Padres Dam was expanded from four stations 
in 1990 to nine in 1995 and eleven in 2002-onward (Appendix 2-A).  Over the last sixteen years, 
the annual lineal density of the juvenile population averaged 4,260 fish per mile (fpm) of stream, 
ranging from 773 fpm in 1990 to 9,680 in 2000 (Figure 2-9).  A more detailed analysis of historical 
data and trends for the steelhead population can be found in the Carmel River Watershed 
Assessment (MPWMD 2004)33.  

33 The assessment concluded, “It is apparent that many reaches of the river can provide high quality, productive habitat 
for steelhead; however, the current steelhead population is below historic numbers for the Carmel River and is well 
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Figure 2-9 

Annual Average Juvenile Steelhead Population Density in the Carmel River below Los 
Padres Dam, 1990 - 2012 

 
 
2.2.2.4 Provide the Most Recent Estimates of Annual Proportions of Rescue-Origin and 

Listed Natural-Origin Fish on Natural Spawning Grounds, if Known: 

Currently, no estimates of annual proportions of rescue-origin and naturally-reared origin fish are 
available nor feasible on the natural spawning grounds.  Neither carcass surveys, visual surveys, 
nor live adult collection on the redds are feasible for steelhead, given the near complete lack of 
carcasses, water depth and turbidity during the spawning season, and the species natural 
evasiveness.  If this RRMP extends for more than a five-year period, this is an appropriate 
cooperative research topic for future consideration by NMFS and CDFW, especially in the lower 
river where sea-run adults appear to have expanded their use of spawning habitats in recent years 
(Appendix 2-B and 2-E).  NMFS-SWFSC initiated a pilot study in 2014, with District support, 
which may eventually be able to begin to establish these ratios, two to five years or more from 
now.  This RRMP proposes to initiate Passive Integrated Transponder (PIT) tagging of up to 2,000 
SHSRF-reared fish and 2,000 river-reared fish per year, in the hope that tag recovery as adults two 
or more years later will be able to quantify comparative return/escapement rates as adults.  These 

below populations found in Northern California coastal streams. Likely factors contributing to this decline include 
habitat fragmentation and degradation, introduced non-native predator species, impaired fish passage, and water 
diversions that alter natural streamflow. Other contributing factors may include water and air pollution and events 
outside of the watershed such as changes in the ocean going steelhead population. However, the increasing density 
and abundance of the juvenile population since 1997, the sharp recovery of the juvenile population since the 1987 to 
1991 drought, and strength of the juvenile population compared to other coastal, regional, and local streams indicate 
the population is resilient and recovering.”  A copy of the assessment is available on MPWMD’s website at:   
http://www.mpwmd.dst.ca.us/programs/river/watershed_assessment/TOC.htm 
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proportional differences in return rates can then be applied to the annual counts of adults passing 
the DIDSON fish counting station in the lower river, to estimate the relative contribution of each 
group to the total run.  As part of this RRMP the District will initiate annual redd surveys below 
RM 14.5 following standard protocols (Johnson et. al. 2007), in order to better document trends in 
steelhead redd abundance and distribution over the duration of the permit.  Existing limited 
information from past redd surveys conducted only once per year in a single pass is summarized 
in Appendix 2-C.    
 
2.2.3 Describe Rescue Activities, Including Associated Monitoring and Evaluation and 

Research Programs, that May Lead to the Take of NMFS Listed Fish in the Target 
Area, and Provide Estimated Annual Levels of Take  

2.2.3.1 Describe Rescue Activities that May Lead to the Take of Listed Salmonid 
Populations in the Target Area, Including How, Where, and When the Takes May 
Occur, the Risk Potential for their Occurrence, and the Likely Effects of the Take: 

Rescue and rearing activities include several forms of “take” including capture, handling, and 
stress during transport and potential mortality during the captive rearing phase when fish are 
exposed to increased potential risks of crowding, competition, predation and disease transmission 
while in the Facility.  These impacts are described in Sections 1, 7 and 9. While the RRMP attempts 
to minimize losses and maximize survival through adaptive management, losses occur and will 
likely continue albeit at lower levels, depending on water quality and the risk of sediment 
entrainment at the Facility.  It is important to remember that the RRMP is a mitigation program, 
which if not conducted would result in all practicality a 100% loss of every fish not otherwise 
rescued and reared.  

 
In addition, the rescues leave a fraction of the fish in the river (approximately 1%-18%, Table 1-
1) following several attempts to capture as many fish as possible, before the river finally dries up 
in the late spring and early summer. 

 
The rate of residualization for SHSRF-reared juveniles has not been directly estimated.  However 
the smaller size distribution of rescued fish each year, versus those released the prior year from 
the SHSRF, and the low fraction of rescued fish identified as yearling+ or older in rescue records, 
would qualitatively indicate that few of the prior year’s larger release are holding over in the lower 
river release areas though the next rescue season.  This consistent observation does not address 
whether they may be relocating upstream above the release and rescue zones below RM 14.5, and 
which are predominantly below RM 8.5.  The ongoing studies cooperatively initiated in 2014 by 
NMFS-SWFSC and MPWMD are likely to eventually address this question, if larger SHSRF-fish 
are recaptured at upstream monitoring stations.  For now, there is no evidence of residualization.  
There is a natural conflict between extending the holding time of SHSRF-reared fish, as requested 
by NMFS and CDFW, and the risk of residualization.  The sooner fish are released the smaller 
they will be, and the less risk of residualtization.  However, in the last eight years both NMFS and 
CDFW have instructed MPWMD to delay release of the fish until they can be placed into the 
rewetted zone of the river from which they were originally rescued, and so those zones have two 
or more weeks to partially reestablish aquatic insect fauna.  That objective often means rearing 
fish past mid-November and on into December or January, depending on Water Year Type. We 
attempt to address this by not overfeeding fish in the SHSRF, and reducing the feeding effort to 
once a day in the fall after river temperatures drop below 59o F/ 15o C.  Even so, some SHSRF-
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reared fish are larger than the average fall size of river-reared fish in perennial reaches (Appendix 
2-C). 

 
The program has been modified to release SHSRF-reared fish back into the general river reach 
from which they were originally rescued, in an effort to avoid shifting their homing and eventual 
spawning behavior into upstream reaches.  Clearly some unknown fraction of the rescued fish were 
originally spawned above the reach in which they were rescued, and may naturally choose to return 
to their natal reach as adults, but those specific fish cannot be identified from any other in the 
rescues.  Rearing fish at the SHSRF could also encourage their migration to spawn upstream of 
the rescue reach.  Therefore, for both reasons, releases are normally made in or immediately above 
the rescue reach, unless an emergency release form the SHSRF is required and approved by NMFS 
and CDFW.  This is also why SHSRF intake improvements planned for 2018 are intended to 
improve the facility’s ability to operate later into the year, so fish can be held until the rescue 
reaches re-water for 2 weeks to a month. 

 
Density related predation is a potential factor for both SHSRF-reared fish, and rescued and 
released, river-reared fish.  Density in the facility cannot be reduced to levels seen in the wild, so 
incoming fish are sorted into three to five size classes, and reared in segregated sections of the 
channel.  We are conducting ongoing experiments on survival versus stocking density that are not 
yet complete for the intended range of feasible stocking densities.  The density of SHSRF when 
released into the rescue reaches is not excessive, remaining under 2 fish per foot.  When fish are 
rescued and immediately re-released in spring or early summer, we place them in perennial 
sections of the river targeting no more than 1 fish per foot, since average fall densities are 0.8 fish 
per foot, and we are unable to assess the densities of Young-of-the-Year in the perennial reaches 
prior to rescue season. 
2.2.3.2 Provide Information Regarding Past Takes Associated with the Rescue-Rearing 

Program, (if known) including Numbers Taken, and Observed Injury or Mortality 
Levels for Listed Fish: 

The MPWMD has inventoried past take of rescued fish as part of its reporting and monitoring 
requirements under the MPWMD Mitigation Program.  Annual summaries of this information 
back to Reporting Year 2000-2001 (July 1 through June 30) and the most recent complete annual 
report for the RY 2015-2016 are available via the MPWMD website at: 
http://www.mpwmd.net/environmental-stewardship/mitigation-program/  

 
Detailed summaries of annual transport mortality and Facility mortality are provided in Sections 
1, 7, and 9 of this RRMP. 
 
2.2.3.3 Provide Projected Annual take Levels for Listed Fish by Life Stage (Juvenile and 

Adult) Quantified (to the Extent Feasible) by the Type of Take Resulting from the 
RRMP (e.g. Capture, Handling, Tagging, Injury, or Lethal Take): 

 
Table 2-1 lists the projected annual take levels that are anticipated for steelhead in the Carmel 
River.  In general, the take levels are based on previous rescue and rearing activities and estimates 
of the maximum numbers of fish that are exposed to risks of drying river channel below Robinson 
Canyon Road Bridge at RM 8.46.  In addition, Table 2-1 includes take associated with monitoring 
of performance indicators and with activities outlined in the Research Section 10 of this RRMP. 
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2.2.3.4 Indicate Contingency Plans for Addressing Situations where Take Levels within a 

Given Year have Exceeded, or are Projected to Exceed, Take Levels Described in 
this Plan for the Program: 

If take levels exceed the projected levels in Table 2-1 or the performance criteria levels identified 
in Sections 1 and 9, MPWMD will reevaluate the probable causes, develop modifications to the 
RRMP and submit these to the NMFS for review and approval.  Implementation of any 
modifications is subject to adequate funding sources and approval of NMFS and CDFW, and is at 
the discretion of the MPWMD Board following their consideration and approval. 
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Table 2-1 
Estimated Listed Steelhead Annual Take Levels in this RRMP by Life Stage and Activity 

 

Line Species Listing 
Unit Origin Life 

Stage Sex Expected 
Take 

Indirect 
Mortality Take Action Observe / Collect 

Method Procedure 

1 Steelhead SCCC 
DPS Natural Juveniles ♂ / ♀ 102,450 27,961 Collection, Transport 

Live Animal  Seine   

2 Steelhead SCCC 
DPS Natural Juveniles ♂ / ♀ 150 0 Intentional (Directed 

Mortality)  Hand and/or Dip 
Net 

Tissue sample 
(other internal 

tissues)  

3 Steelhead SCCC 
DPS Natural Juveniles ♂ / ♀ 2,700 540 Collect, Sample, and 

Transport Live Animal  Seine PIT Tag  

4 Steelhead SCCC 
DPS Natural Smolts ♂ / ♀ 4,100 205 Collection, Transport 

Live Animal  Seine   

5 Steelhead SCCC 
DPS Natural Smolts ♂ / ♀ 1,300 65 Collect, Sample, and 

Transport Live Animal  Seine PIT Tag 

6 Steelhead SCCC 
DPS Natural Adults ♂ / ♀ 10 0 Collection, Transport 

Live Animal Seine   

7 Steelhead SCCC 
DPS Natural Spawned ♂ / ♀ 90 5 Collect, Sample, and 

Transport Live Animal Seine PIT Tag 
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Appendix 2-A.  Annual Carmel River Juvenile Steelhead Population Survey 
 

 
  

Valley 
Greens 

Br.

Red Rock 
(Mid 

Valley)

Scarlett  
Narrows

Garland 
Park

Boronda DeDamp 
Park

Stonepine 
Resort

Sleepy  
Hollow

SCR Lower 
Delta

SCR Upper 
Delta

Los 
Compadres 

Cachagua

YEAR RM 4.8 RM 7.7 RM 8.7 RM 10.8 RM 12.7 RM 13.7 RM 15.8 RM 17.5 RM 19.0 RM 19.6 RM 20.7 RM 24.7 (nos./ft) (nos./mi)
1990 ND 0.50 0.27 0.26 0.22 0.31 1,650
1991 0.12 0.74 0.39 0.09 0.62 0.39 2,070
1992 0.67 0.36 0.96 0.30 0.40 0.83 0.59 3,098
1993 0.62 0.91 0.92 0.82 0.84 0.52 1.22 1.84 0.96 5,075
1994 ND 0.44 0.23 0.43 ND 0.50 0.29 1.51 0.71 0.59 3,100
1995 0.49 0.65 1.01 1.61 ND 1.42 0.69 0.50 1.63 1.00 5,281
1996 0.24 1.52 0.82 1.05 2.03 1.22 0.29 0.95 1.92 1.12 5,890
1997 0.02 0.22 1.02 1.74 1.15 0.50 0.22 1.15 1.41 0.83 4,359
1998 0.19 0.30 0.67 0.34 1.50 0.27 0.60 0.54 2.24 0.74 3,901
1999 0.17 0.26 0.50 0.32 0.62 1.67 0.45 0.46 1.35 0.64 3,403
2000 0.91 1.03 0.64 1.38 5.66 1.71 1.46 1.41 2.30 1.83 9,680
2001 ND 0.48 0.35 0.63 0.68 1.08 0.32 0.47 1.62 0.70 3,716
2002 ND 0.68 0.85 1.67 0.83 1.07 0.50 0.33 0.68 1.52 2.73 1.09 5,734
2003 1.53 0.82 2.16 1.86 1.45 1.55 1.23 0.58 1.09 1.69 2.16 1.47 7,738
2004 0.25 0.46 0.78 1.21 0.43 1.24 0.55 0.21 0.41 0.45 0.89 0.63 3,302
2005 1.23 0.60 1.34 1.16 0.91 1.62 1.63 0.21 0.85 0.98 2.10 1.15 6,062
2006 1.13 0.64 0.86 0.87 0.47 0.37 0.95 1.65 0.28 0.82 1.00 0.82 4,339
2007 ND 0.15 0.50 0.77 0.06 0.33 0.16 0.36 0.25 0.49 0.50 0.36 1,885
2008 ND 0.90 2.61 3.64 1.11 1.19 1.38 0.17 0.71 1.13 1.56 1.44 7,603
2009 0.24 ND 0.25 ND 0.27 ND 0.48 ND ND ND 0.72 0.39 2,070
2010 0.19 0.06 ND 0.30 0.38 0.17 0.31 0.32 0.26 0.11 0.60 0.78 0.33 1,737
2011 0.11 0.17 ND 0.36 ND ND ND 1.07 ND ND ND 0.27 0.40 2,091
2012 ND 0.67 0.47 1.01 1.58 0.35 0.59 0.37 1.31 0.74 0.82 0.83 0.79 4,195

Station Ave 
(#/ft) 0.15 0.52 0.60 0.85 1.10 1.09 0.94 0.63 0.56 0.57 0.83 1.31 0.81 4,260

Station Ave 
(#/mile) 792 2,753 3,181 4,485 5,819 5,749 4,948 3,315 2,980 3,004 4,390 6,940

0.76 4,030
1 Surveys completed in October and results based on repetitive 3-pass removal method using an electrofisher.
2 RM; indicates miles from rivermouth
3 ND indicates stream was dry at sampling station or that site was not sampled that year.  Blanks = site not added yet. 2009 - huge storm mid-Oct and river got too high to sample

Lineal Population Density at Survey Stations (numbers per foot of stream) 2, 3

Carmel River Juvenile Steelhead Annual Population Survey 1

Overall Station Averages:

 Overall Annual 
Average
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Appendix 2-B.  Lower Limits of Spawning Activity in the Carmel River Basin, Based on Years When Single Pass Redd 
Surveys Were Conducted from 2007 through 2013 

 

YEAR East (Meters) * North (Meters)* Location Description

2007 598995 4044116 This location plots at 0.12 miles upstream from Bridge #5 (RM 2.15) 
Therefore, the 2007 limit w as at RM = 2.15 + 0.12 = 2.27 

2008 599269 4044224 This location plots at 0.12 miles dow nstream from Bridge #3 (RM 2.55)  
Therefore, the 2008 limit w as at RM = 2.55 - 0.12 =  2.43

2009 599962 40440443 This location plots at 0.20 miles upstream from Bridge #1 (RM 2.80) 
Therefore, the 2009 limit w as at RM = 2.80 + 0.20 = 3.00 

2012 598945 4044069 This location plots at 0.08 miles upstream from Bridge #5 (RM 2.15) 
Therefore, the 2012 limit w as at RM = 2.15 + 0.08 = 2.23 

2013 598364 4043970 This location plots at 0.33 miles dow nstream from Bridge #5 (RM 2.15) 
Therefore, the 2013 limit w as at RM = 2.15 - 0.33 = 1.82 

* Datum: UTM, NAD 83, Zone 10N
The attached Google Map image shows locations provided from MPWMD field notes and the preceding GPS locations.
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Appendix 2-B.  Lower Limits of Spawning Activity in the Carmel River Basin, Based on Years When Single Pass Redd Surveys 
Were Conducted from 2007 through 2013 
 

Locations of Lowest Steelhead Nests Observed in 2007, 2008, 2012, and 2013 
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Appendix 2-C.  Distribution of Spawning Activity in the Lower 14.5 Miles of Carmel River Below Esquiline Road Bridge, Based 
on Years When Single Pass Redd Surveys Were Conducted in 2009, 2012 and 2013.
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Appendix 2-D:  Estimated Listed Steelhead Annual Take Levels in this RRMP by Life Stage and Activity 
Listed species affected: Oncorhynchus mykiss   ESU/Population: South-Central California Coast Steelhead DPS/Carmel River Population 
Activity: Rescue, rearing and transport 

Location of rescue/rearing activity: Carmel River downstream of San Clemente Dam  Dates of activity: Year round (2009-2014) Rescue/Rearing program 
operator: Monterey Peninsula Water Management District 

Type of Take 
Annual Maximum Take of Listed Fish By Life Stage & Activity: 
Fry/Fingerling Yearling Smolt Adult Carcass 

Observe or harass a 120,621 11,004 6,750 125 27,675 
MPWMD Collection for transport b 96,497 8,803 5,400 100 none 
MPWMD Capture, handle and release c 55,164 1,438 5,130 95  
Capture, handle, rear for release d 39,403 7,189    
Capture, handle, tag/mark/tissue sample, and 
 release e 3,066 282 338 5 7,381 

Intentional lethal take f 100 50    
  Unintentional lethal take g 26,656 2,009 270 5  

Other Take Associated with Research in 
 Section 10 of RRMP h  

7,800  105   

a. Contact with listed fish through stream surveys, carcass and mark recovery projects, or attempted rescues in sections of the river below the former San Clemente 
Dam site.  Based on estimate of the maximum number of fish at risk in the lower Carmel River below Robinson Canyon at RM 8.5, and in up to 1.5 miles between 
Boronda Rd. Bridge at RM 12.7 to Esquiline Rd. Bridge at RM 14.5. Carcass total (juvenile and adult) based on 20% of sum of other life stages.  

b. Take associated with rescue or trapping operations where listed fish are captured due to drying river channel for immediate release or rearing at the Facility. 
c. Take associated with rescue or trapping operations where listed fish are captured, transported and released immediately on the day of rescue. 
d. Take associated with rescue or trapping operations where listed fish are captured, transported to the Facility for rearing and released at a later date.  This includes 

fish that were rescued by CRSA in some prior years, transported and stocked at the Facility. (see Apendix 8-A for an accounting of these fish). 
e. Take occurring due to losses tagging and/or bio-sampling of fish collected through trapping operations prior to transport, or through carcass recovery programs. 

Based on projected losses of fish that are missed in rescue operations and a program to monitor losses. 
f. Intentional mortality of listed fish, as a result of health checks by the California Department of Fish and Wildlife at the Facility. 
g. Unintentional mortality of listed fish, including loss of fish during transport or holding prior to rearing or prior to release into the wild, or, for integrated programs, 

mortalities during rearing.  Includes losses of fish during MPWMD rescue-transport activities and projected losses at the Facility during rearing season. 
h. Take associated with potential research studies in Section 10 of this RRMP are not annual (only once) and are included within totals tabulated in rows above. 
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3. RELATIONSHIP OF PROGRAM TO OTHER MANAGEMENT OBJECTIVES 
 

The purpose of this section is to review how the rescue and rearing program relates to other 
management objectives including: 
• NMFS’ Recovery Plan for steelhead populations in California; 
• Water management objectives within the District’s Allocation Program; 
• CDFW policy on management of steelhead and salmon streams in California, and 
• Means and constraints to minimizing R&R activities, while providing a domestic 

water supply from the Monterey Peninsula Water Resource System. 
 

3.1 Describe Alignment of the RRMP with NMFS Draft Recovery Plan.  Explain Any 
Proposed Deviations from the Plan or Policies: 

 
In September 2007, the Southwest Regional Office of the NMFS drafted and released for public 
review the “Federal Recovery Outline for the Distinct Population Segment of South-Central 
California Coast Steelhead” (ROSCCCS) (NMFS 2007).  In December 2013 NMFS released the 
“South-Central California Steelhead Recovery Plan” (SCCCSRP) (NMFS 2013).  These 
documents outline the planning area for recovery efforts – including the freshwater and lagoon 
habitats in coastal watersheds extending from the Pajaro River, south to and including the Santa 
Maria River.  In January 2006, NMFS modified its original listings of coast-wide steelhead 
evolutionary significant units to account for isolated, landlocked populations of steelhead that are 
blocked from accessing marine habitats and included only portions of coastal watersheds which 
are seasonally accessible to anadromous steelhead (NMFS 2006).  In the Carmel River Basin this 
effectively excludes portions of the Basin upstream of several natural or manmade barriers from 
protection under ESA.34   
 
While anadromous steelhead cannot migrate upstream and spawn in portions of the watershed, 
most of the streams upstream of permanent barriers contain landlocked populations of steelhead, 
historically called “rainbow trout”, which complete their lifecycle in freshwater.  Records of fish 
trapping at Los Padres Dam and Reservoir, and population surveys of habitat in the upper basin 
indicate “freshwater-resident” fish move upstream and downstream and mix with the anadromous 
population downstream of barriers.  The persistence of these multiple life-history patterns adds 
genetic and phenotypic diversity, but complicates implementing this RRMP in the lower portions 
of the basin, where both the “freshwater-resident” and anadromous types mix and are rescued.  Of 
particular concern is the risk of disproportionately enhancing survival of the “freshwater-resident” 
form by accelerating the growth of the larger rescued fish, many of which appear to be the 
“freshwater-resident” type. This RRMP includes measures to ameliorate this by managing the 
growth of the larger rescued fish and their release locations, and attempting to target the growth 
rates of rescued YOY to the growth rates representative of healthy fish in the river and lagoon (See 
Section 7 of this RRMP).  The ROSCCCS and SCCCSRP identify the maintenance of genetic, 

34 In the Carmel River Basin the following streams are inaccessible to anadromous steelhead in all or most years: the 
mainstem Carmel River upstream of Ventana Mesa Falls (40-foot falls), Ventana Mesa Creek (20-foot falls), Bruce 
Fork of the Carmel River (steep boulder falls), the South Fork of Black Rock Creek (15-foot falls), Danish Creek 
(upstream of natural falls 1.2 miles above the confluence with the mainstem), Garzas Creek upstream of Moore’s Lake 
Dam (steep bedrock & dam), and Tularcitos Creek (concrete ford 4.3 miles above the confluence with the mainstem). 
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phenotypic and ecological diversity in the Carmel River as important aspects of recovery in the 
SCCCS DPS, so efforts in the RRMP to propagate freshwater-resident, fluvial-anadromous and 
lagoon anadromous should promote recovery in the Carmel and help to maintain phenotypic and 
genetic diversity.  Clearly, as identified in the ROSCCS and SCCCSRP, more research and 
information is needed on the complexity and relationships amongst these life history patterns. 
 
The ROSCCS provides an inventory of factors that currently limit the recovery of steelhead in the 
whole SCCCS DPS within five broad types including: A) factors associated with present or 
threatened destruction, modification or curtailment of habitat or range; B) overutilization for 
commercial, recreational, scientific or educational purposes; C) Disease or predation; D) 
Inadequacy of existing regulatory mechanism; and E) Other natural or human-made factors 
affecting continued existence.  Table 3-1 lists a total of forty factors for the Carmel River and 
relationships with the RRMP.  Of the total, sixteen factors (40 percent) are directly and highly 
aligned with the RRMP and seven more are indirectly and highly aligned. On balance, the most 
serious risk factors in the Carmel River Basin are associated with present or threatened destruction, 
modification or curtailment of habitat or range. 
 
The ROSCCS does not specifically mention the rescue and rearing program on the Carmel River, 
but acknowledges, “Artificial propagation can play an important role in steelhead recovery through 
carefully controlled supplementation programs, but are not a substitute for naturally reproducing 
steelhead populations.”  As currently conceived and implemented, the anticipated RRMP includes 
elements of artificial propagation (rearing), but relies on natural reproduction of steelhead.  
Because of this reliance, the RRMP is consistent with the ROSCCS.  However, the RRMP could 
be viewed as a substitute for natural rearing areas, which deviates from some elements of the 
Recovery Strategy and Recovery Actions. These deviations include reliance on artificial rearing 
rather than natural inflows to maintain numbers and growth of juveniles, and artificially 
transporting smolts to the ocean during droughts. However, until a new domestic water supply 
project(s) comes on line to supplant existing excess water supply production, these deviations are 
probably necessary to sustain the Carmel River population.  A new water supply project is not 
expected to be on line until 2020. 
 
The Final 2013 SCCCSRP provides a separate but overlapping inventory of factors that currently 
limit the recovery of steelhead, specifically in the Carmel River Basin – Biogeographic Population 
Group (CRB-BPG) within the SCCCS DPS, compared to the older, more general 2007 ROSCCS.  
The SCCCSRP (NMFS 2013, Table 10-2) has six “Threat Sources” for the Carmel River 
including: A) Dams and Surface Water Diversions; B) Groundwater Extraction; C) Urban 
Development; D) Levees and Channelization; E) Culverts and Road Crossings, or Other Passage 
Barriers; and F) Recreational Facilities.  The existing State-sanctioned program that the RRMP 
describes was designed to address the problems created by two of the factors: Surface Water 
Diversions and Groundwater Extraction, until new water projects come on-line to reduce existing 
diversions to an acceptable level.  The final 2013 SCCCSRP acknowledges that the existing 
program has probably contributed to sustaining the current population levels of steelhead in the 
Carmel River.  
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Table 3-1 

Inventory of Factors Threatening Continued Existence of Steelhead in the Carmel River Basin and Relationships to the RRMP, 
from the 2007 Federal Recovery Outline for the Distinct Population Segment of South-Central California Coast Steelhead 

General Category: Sub-Categories: Factor 
Carmel 
River 
Basin? 

Inventory of Potential 
Contributing Factors in 
Carmel River Basin: 

Related to RRMP Activities (yes/no); 
Association (direct/indirect); Likely 
Degree of  Interaction (high/low); and 
Nature of Association: 

A) Present or 
threatened 
destruction, 
modification or 
curtailment of 
habitat or range 

Alteration of 
Natural Streamflow 
Patterns 

Yes 1. Adult migration flows 
2. Spawning flows 
3. Juvenile rearing flows 
4. Emigration flows 

o Yes; Direct; High; kelt reconditioning 
o Yes; Indirect; Low; ↓number of fry 
o Yes; Direct; High; Annual 

rescue/rearing 
o Yes; Direct; High; Rescue/transport 

smolts & pre-smolts 

Physical 
Impediments to 
Fish Passage 

Yes 5. San Clemente Dam – 
Kelts & Smolts 

6. Los Padres Dam – Kelts 
and Smolts 

o Yes; Indirect; High: ↑ migration delay 
o Yes: Indirect; High: ↑ migration delay 

&     ↓number of smolts and kelts 

Alteration of 
Floodplains and 
Channels 

Yes 7. Floodplain development 
8. Channel Incision 
9. Loss/Gain Riparian 

Vegetation 

o Yes, Indirect; ↓ habitat quality & ↓ 
efficiency of RRMP 

o No, or complex association not defined 
o Yes, Indirect; High: ↕habitat quality & 

↕efficiency of RRMP, site specific 

Sedimentation Yes 10. ↑ Fine-grained sediment 
11. ↓ Coarse-grained sediment 

o Yes; Indirect; High: ↓ survival alevins 
& ↓number of fry 

o Yes; Indirect; High: Variable & 
Complex: gravel trapped in reservoirs, ↓ 
spawning habitat in some areas; but less 
fine-grained sediment released from 
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General Category: Sub-Categories: Factor 
Carmel 
River 
Basin? 

Inventory of Potential 
Contributing Factors in 
Carmel River Basin: 

Related to RRMP Activities (yes/no); 
Association (direct/indirect); Likely 
Degree of  Interaction (high/low); and 
Nature of Association: 

dams, ↑ quality of spawning and rearing 
habitat in other areas 

Urban and Waste 
Discharges 

Yes 12. ↑ Pollutants from non-
point sources, surface 
runoff &  septic tank 
discharge 

13. Specific point sources of 
waste discharge 

o No, or complex association not yet 
defined 

 
o Yes; Direct; High: ↑disease in fish and  

↓ efficiency of rescues 

Spread and 
Propagation of 
Exotic Species 

Yes 14. ↑Bullfrog population o Yes; Indirect; Low: Predation on YOY  
 

Loss of Estuarine 
Habitat 

Yes 15. ↓Hydraulic connectivity, 
surface inflow, & ↓rearing 
habitat quality/quantity 

16. ↓Migration of  fry, YOY, 
and older juveniles, with ↓ 
recruitment “lagoon-
anadromous” phenotype 

17. Artificial breaching of 
sandbar, ↓rearing habitat 
quality/quantity 

o Yes; Direct; High: Spring and early 
summer rescues in lower river; fall 
rescues in Lagoon, critically-dry years 

o Yes; Direct; High: After rescue, 
transplanting fry and YOY into Carmel 
River Lagoon 

o Yes; Indirect; Low: ↓ effectiveness of 
the RRMP by ↓ survival & growth 
juveniles 

B) Overutilization 
for commercial, 
recreational, 
scientific or 
educational 
purposes 

Recreational 
Angling 

Yes/No? 18. ↕Incidental take of adult 
steelhead winter sport 
fishery (catch/release) 

19. ↕Incidental take of 
juveniles and smolts in 
spring/summer “trout” 
fishery upstream of Los 
Padres Dam 

o Unknown; Indirect: complex association 
likely, but not yet defined 

 
o Unknown; Indirect: complex association 

likely, but not yet defined 
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General Category: Sub-Categories: Factor 
Carmel 
River 
Basin? 

Inventory of Potential 
Contributing Factors in 
Carmel River Basin: 

Related to RRMP Activities (yes/no); 
Association (direct/indirect); Likely 
Degree of  Interaction (high/low); and 
Nature of Association: 

Scientific Research No 20. Monitoring of juvenile and 
adult steelhead 

o Yes; Direct; High: Monitoring of 
performance indicators in this RRMP 

C) Disease or 
predation 

Yes 21. ↑Epizootic disease due to 
↓flow & ↑ H2O 
temperatures in the river   

o Yes; Direct; High:↑Disease risk in 
cultured fish at Facility & in river 

D) Existing 
regulatory 
mechanisms 
(Federal, State & 
Local) 

Los Padres 
National Forest, 
U.S. Forest Service 
Plan  

Yes 22. Upper Carmel River Basin 
and some tributaries 
managed under 
Wilderness System and 
classification 

o Yes; Indirect; Low: Potential 
↑population of anadromous steelhead in 
unregulated, road-less portions of upper 
basin and some tributaries 

CWA Section 404 
Program, U.S 
Corps of Engineers 

Yes 23. Increased development in 
riparian zone, dredge-fill 
associated with aftermath 
and emergency work after 
large-scale flooding 

o Yes; Indirect; Low: ↓ habitat quality and 
↓populations of juvenile steelhead 

Yes 24. Bank stabilization projects 
and restoration projects to 
cope with incision and 
loss of property 

o Yes, Indirect; Low: Variable, ↕ habitat 
quality and ↕ populations of juvenile 
steelhead, depending on specific project 

FEMA Flood 
Insurance Program 

Yes 25. Regulations allowing 
development in flood-
plain, based on 1-foot rise 
in elevation 100-yr event  

o Yes; Indirect; Low: ↓ habitat quality and 
↓populations of juvenile steelhead 

CWA Section 303 
Implementation 

Yes 26. Same as 13 and 14 above o Same as 13 and 14 above 

California 
Steelhead 
Restoration and 
Management Plani 

Yes 27. Implement all mitigation 
measures in the Allocation 
Mitigation Program, 
specifically: 

o Yes; Direct; High: ↑ population of 
steelhead in lower river 

o Yes; Direct; High: ↑ population of 
steelhead upstream of the Narrows 
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General Category: Sub-Categories: Factor 
Carmel 
River 
Basin? 

Inventory of Potential 
Contributing Factors in 
Carmel River Basin: 

Related to RRMP Activities (yes/no); 
Association (direct/indirect); Likely 
Degree of  Interaction (high/low); and 
Nature of Association: 

o Construction of the 
Sleepy Hollow Facility 

o Mid-Valley holding & 
smolt acclimation 
facilities36 

o Tests of passage 
conditions and 
mortality at Los Padres 
Dam 

o Yes; Indirect; High: ↑ population of 
steelhead upstream of Los Padres 
Dam 

28. Evaluation of fish rescue 
operations as identified  in 
1990 Water Allocation 
Program Mitigation Plan  

o Yes; Direct; High: Monitoring of 
performance indicators in this RRMP 

29. Greater interim flows via 
SWRCB action and ↑ 
flows via Annual MOA re: 
releases at San Clemente 
Dam 

o Yes; Direct; High: ↑ spatial distribution 
and number of steelhead in lower river; 
↓ need for rescues and increased viable 
juvenile habitats, especially upstream of 
Robinson Canyon Creek 

30. Continue efforts to restore 
channel stability, riparian 
vegetation and other 
elements of Allocation 
Mitigation Program 

o Yes; Indirect; High; Ongoing projects 
improve habitats ↑ spatial distribution 
and number of juvenile steelhead in 
lower river 

California Salmon 
& Steelhead Stock 
Management 

Yes 31. Historical planting of 
exotic species (brown 
trout) and non-native 

o No; Indirect; Low:  Past practices of 
planting non-native steelhead and trout 
could have affected historic genetic 

36 Due to water quality at the desired location, this mitigation measure was not implemented. 
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General Category: Sub-Categories: Factor 
Carmel 
River 
Basin? 

Inventory of Potential 
Contributing Factors in 
Carmel River Basin: 

Related to RRMP Activities (yes/no); 
Association (direct/indirect); Likely 
Degree of  Interaction (high/low); and 
Nature of Association: 

Policy and  
stocking practices  

steelhead (Mad River 
stock in early 1980’s & 
catchable trout 1950-60’s)  

traits & phenotypes re: run-timing and 
competition between “freshwater-
residents” planted for summer sport 
fishery. Current level of impact is 
unknown, but studies in this DPS 
suggests it is probably negligible.  

CDFG Code 
Section 1600 

Yes 32. Long-term impacts to 
riparian zone, 
sedimentation, channel 
form and habitat quality 

o Yes; Indirect; Low:  Some impacts 
persist, especially from non-permitted 
actions during 1983, 1995 and 1998 
flood emergencies. 

SWRCB water 
rights & permits for 
continued 
diversions 

Yes 33. Complaints, permit 
applications, hearings and 
decisions affecting 
production of groundwater 
from Carmel River 
Alluvial Aquifer and 
diversion of surface flow 

o Yes; Direct; High:  Direct impact on 
adequacy of surface flows, per items 1 – 
4 & 30 above and need for conducting 
rescues in the lower river  

Local land-use 
regulations 
(Monterey County) 

Yes 34. Regulations allowing 
development within 
riparian zone, 100-yr flood 
plain and along edge of 
river channel: ↓Riparian 
vegetation & canopy; ↑ 
water temperature, ↓ 
quality and quantity 
juvenile habitat & ↓access 
for rescues  

o Yes; Indirect; Low:  ↓ number of 
juvenile fish in specific locations and 
affects efficiency of rescues by limiting 
access to the river channel in some 
locations 

Yes 35. 1990 Allocation Program 
& successors, long-

o Yes; Direct; High: Items 1 – 4, 
maintain/restore spatial distribution in 
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General Category: Sub-Categories: Factor 
Carmel 
River 
Basin? 

Inventory of Potential 
Contributing Factors in 
Carmel River Basin: 

Related to RRMP Activities (yes/no); 
Association (direct/indirect); Likely 
Degree of  Interaction (high/low); and 
Nature of Association: 

MPWMD 
Programs and 
Regulations 

standing program to 
mitigate for impacts of 
water development in 
lower river 

lower river; ↑ number of juvenile 
steelhead in the lower river by managing  
flow releases; rescue, transplant and 
rearing of juvenile steelhead; monitoring 
of winter adult run, steelhead nests, 
juvenile population, benthic 
macroinvertebrates, and hydrologic 
conditions in river and lagoon  

36. River Works Permit 
Program and regulations 
affecting man-made works 
with 25 feet of river 
channel & bank protection 

o Yes; Indirect; High: Maintenance of 
riparian vegetation, installation of bank 
protection compatible with habitat 
values, maintenance of spatial 
distribution of spawning adults and 
juvenile steelhead, ↑ juvenile population  

37. Spawning Habitat 
Restoration Project (1991-
2001) & California 
Coastal Salmon Recovery 
Program (2000-2003)  

o Yes; Indirect; Low:  ↑spawning habitat 
and juvenile population below existing 
dams; ↑spatial distribution with 
improved passage conditions; screen 
outflow at Rancho San Clemente Trout 
Pond to ↑ survival & juvenile population 
in San Clemente Creek 

Other natural or 
human-made 
factors affecting 
continued 
existence. 

Natural climatic 
conditions, 
exacerbate man-
made changes 

Yes 38. Natural flows during 
droughts affect life cycle 
and exacerbate effects of 
existing surface diversions 
and groundwater pumping. 

o Yes; Direct; High: Impacts and 
relationships listed in 1 – 4, 30, 34, & 36 
above, affect population numbers and 
needed for conducting rescues. 

Hatcheries, 
artificial stocking 
O. mykiss, 

Yes 39. Limited stocking of non-
native O. mykiss in San 
Clemente Creek watershed 

o No; Indirect; Low:  Potential ↑ 
competition & predation from non-
native O. mykiss 
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General Category: Sub-Categories: Factor 
Carmel 
River 
Basin? 

Inventory of Potential 
Contributing Factors in 
Carmel River Basin: 

Related to RRMP Activities (yes/no); 
Association (direct/indirect); Likely 
Degree of  Interaction (high/low); and 
Nature of Association: 

population growth, 
lack of trained 
personnel in 
government 

i The Steelhead Restoration and Management Plan for California (McEwan and Jackson 1996) provided broad guidance on policy and measures to implement 
statewide, and specific recommendations on a case-by-case basis.   For the Carmel River Basin most of the recommendations were specifically earmarked for future 
construction and operation of the formally proposed 24,000 AF New Los Padres Dam, which is no longer a viable water supply option for the Monterey Peninsula 
Water Resource System.  The inventory in this table was adapted from the Plan regarding issues highlighted in a non-dam setting, but with continuance relevant 
conditions and terms under SWRCB Decision 1632 and the District’s Water Rights Permit.  
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The RRMP is fully or partially congruent with four of the six Recovery Objectives in the Final 
2013 SCCCSRP.  The RRMP helps “Prevent steelhead extinction by protecting existing 
populations  …” in the CRP-BPG by annually rescuing, rearing, and returning to their initial 
habitat fish from areas of the river that dewater nearly every year, and would otherwise be lost to 
the population.  A separate riparian element of the District’s Mitigation Program, sustains the 
riparian zone in this area through dry years by irrigation, thus also restoring and sustaining a key 
component of steelhead habitat in the lower river that otherwise would be lost.  The RRMP helps 
“Maintain current distribution of steelhead…” within the annually dewatered zones, and has likely 
“…restore(d) distribution to some previously occupied areas”, as evidenced by the continued slow 
expansion of steelhead redds into a  zone that has predominantly been dewatered on an annual 
basis for over half a century.  The RRMP helps to “Conserve existing genetic diversity and provide 
opportunities for the interchange of genetic material between and within viable populations”, by 
preventing the loss of steelhead spawned in the lower river, whose characteristics and behaviors 
might otherwise be lost.  The RRMP has components which “Conduct(s) research and monitoring 
necessary to refine and demonstrate attainment of recovery criteria”.  As acknowledged in the 
initial listing and all further NMFS documentation on the SCCC ESU/DPS produced since 1995, 
the integrated monitoring data the District has collected since the late 1980’s is the only source of 
long term quantitative information on the status of SCCC steelhead within the ESU/DPS.   

  
The Final 2013 SCCCSRP also lists 29 specific Recovery Actions for the CRB-BPG.  The RRMP 
is congruent with one of them, “Car-SCCCS-4.3, Provide Fish Passage Around Dams and 
Diversions”, when it relocates smolts and kelts downstream around the sections of the river which 
are dewatered by diversions.  Though this is not the proper long term solution to the problem, the 
RRMP is only an interim component of a larger legally mandated plan requiring the acquisition of 
new water sources, and a reduction in the majority of the diversions currently dewatering the up 
to nine of the lower miles of the river.   
The actions in the RRMP are only some of the components of the District’s larger Mitigation 
Program, arising out of its 1990 Water Allocation EIR.   
 
Other aspects of the District’s Mitigation Program or its ongoing regulatory and permitting 
activities, of which the RRMP is a component,  fully or partially address 11 of the 29 specific 
Recovery Actions in the Draft 2012 SCCCSRP’s, either directly or through ongoing partnerships 
with local and State agencies.  Specific Recovery Actions fully or partially addressed are shown 
in Table 3-2.   
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Table 3-2:  

Summary of Recovery Actions from the 2013 South-Central California Coast Steelhead Recovery Plan which are addressed in 
other elements of the MPWMD Mitigation Program, other than the RRMP 

 
Recovery Action # 

 
Description 

 
Collaborators 

 
Threat Source 

MPWMD Program 
Elements Status 

Car-SCCCS-3.1 

Conduct watershed-wide 
fish passage barrier 

assessment DWR, CRWC, CDFW 

Culverts & Road 
Crossings (Passage 

Barriers) 
Fisheries Program: 

current IWRMP Grant 

Extension of prior 
work by CDFW & 

CRWC to be 
completed in 2014 

Car-SCCCS-3.2 

Develop & implement 
plan to remove or 

modify fish passage 
barriers within the 

watershed 

NMFS, SCC, CAW 
private landowners, 

CDFW-FRGP 

Culverts & Road 
Crossings (Passage 

Barriers) 

Planning & Engineering 
Div. + Fisheries 

Program Ongoing 

Car-SCCCS-4.1 

Develop and implement 
water management plan 

for dam operations 
CAW, CDFW (reviewed 

by NMFS & USFWS) 
Dams & Surface Water 

Diversions 
Water Resources Div.: 

Low Flow MOA Ongoing 

Car-SCCCS-4.2 

Develop and implement 
water management plan 
for diversion operations 

CAW (reviewed by 
CDFW, NMFS & 

USFWS) 

Dams & Surface Water 
Diversions + 
Groundwater 

Extraction 

Water Resources Div.: 
Annual & Quarterly 

Water Budget Ongoing 

Car-SCCCS-6.1 

Conduct groundwater 
extraction analysis & 

assessment  
Groundwater 

Extraction 

1990 Allocation EIR & 
Water Resources Div.: 

monitoring Ongoing 

Car-SCCCS-6.2 

Develop & implement a 
groundwater monitoring 
& management program  

Groundwater 
Extraction 

1990 Allocation EIR & 
Water Resources Div.: 
monitoring + Annual & 
Quarterly Water Budget Ongoing 

Car-SCCCS-7.1 

Develop & implement a 
plan to restore natural 

channel features CRWC 
Levees & 

Channelization 

Planning & Engineering 
Div. + Water Resources 

Div.: Carmel River 
Management Plan;  

Carmel River Watershed 
Assessment; Riparian 

Program; Fisheries 
Program 

Partially Addressed 
- Ongoing 
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Recovery Action # 

 
Description 

 
Collaborators 

 
Threat Source 

MPWMD Program 
Elements Status 

Car-SCCCS-7.3 

Develop & implement 
stream bank and riparian 
corridor restoration plan CRWC 

Levees & 
Channelization 

Planning & Engineering 
Div. + Water Resources 

Div.: Carmel River 
Management Plan;  

Carmel River Watershed 
Assessment; Riparian 

Program Ongoing 

Car-SCCCS-10.2 

Develop & implement a 
public educational 

program on watershed 
processes 

Monterey Co. RCD, 
Carmel Unified Schools Recreational Facilities 

Planning & Engineering 
Div. + Water Resources 
Div.: - IWRMP Grant; 
Carmel River Advisory 

Committee; Co. Fair 
booth; staff talks in 

schools and to NGOs. 

Partially Addressed 
– ongoing efforts at 
community outreach 

and in schools.  
Support RCD’s 

Watershed 
Coordinator’s grant 

funded outreach 
program 

Car-SCCCS-12.1 

Develop and implement 
and estuary restoration 
& management plan 

Ca. St. Parks, CDFW, 
CRWC, Monterey Co. 

Upslope/Upstream 
Activities + 

Groundwater 
Extraction + Urban 

Development 

Planning & Engineering 
Div. + Water Resources 

Div.: Carmel River 
Lagoon Technical 

Advisory Committee, 
Carmel River Lagoon 

Management Plan 

Partially Addressed 
– assist other 

agencies and State 
Parks landowner to 
develop restoration 
and management 

plans for the Carmel 
River Lagoon 

Car-SCCCS-13.1 

Develop, adopt, and 
implement urban land-
use planning policies 

and standards Monterey Co., Urban Development 

Planning & Engineering 
Div.: riparian and 

channel work permitting 
& violation 

enforcement/remediation 
processes Ongoing 

64 10/19



3.2 Describe Alignment of the RRMP with Water Management Objectives with the 
District Allocation Program: 

 
By legislative mandate, the District is charged to: augment the water supply through integrated 
management of ground and surface water resources; promote water conservation; promote water 
reuse and reclamation of storm and wastewater; and foster the scenic values, environmental 
quality, native vegetation, fish and wildlife, and recreation on the Monterey Peninsula and in the 
Carmel River basin.  To this end, the District adopted a mission statement “To Promote or Provide 
for Long-Term Sustainable Water Supply, and to Manage and Protect Water Resources for the 
Benefit of the Community and the Environment.”  In fulfillment of its mission, the District manages 
CAW water supply production facilities through implementation of Ordinance 41 and adoption of 
a Quarterly Water Supply Strategy and Budget (QWSSB), which establishes production goals and 
operational criteria for CAW’s reservoirs and alluvial production wells in the Carmel River Basin 
and inland wells in Seaside Groundwater Basin.  In addition, the District negotiates an Annual 
Memorandum of Agreement (MOA) between CAW, CDFW and the District on reservoir releases 
and diversion rates for the dry season, usually between June and December.  In general, the 
objectives of the QWSSB and MOA are to maximize surface flow to the Narrows during the dry 
season and to maximize the extent of aquatic habitats below the Narrows by directing how CAW 
pumps water from the Carmel and Seaside basins.  These objectives are directly aligned with the 
RRMP, as the implementation of the RRMP is a direct result of the need to supply domestic water 
for the community and to mitigate for the impacts of doing so.  
 
3.3 Describe Alignment of the RRMP with CDFW Policy on Management of Steelhead 

and Salmon Streams in California: 
 
The California Fish and Game Code Sections (FGCS) and policies of the California Fish and Game 
Commission (CFGC) directly relate to implementation of this RRMP.  The State adopted Sections 
6900-6930 relating to passage of the Salmon, Steelhead Trout and Anadromous Fisheries Program 
Act of 1988 (Act), which found that salmon and steelhead populations had declined statewide, 
primarily as a result of lost stream habitat. The Act established key findings that relate to 
implementation of this RRMP including: 
 

o Proper salmon and steelhead management requires maintaining adequate levels of natural, 
as compared to hatchery, spawning and rearing. 
 

o Protection of, and increase in, the naturally spawning salmon and steelhead trout of the 
state must be accomplished primarily through the improvement of stream habitat. 

 
o There is a need for a comprehensive salmon, steelhead trout and anadromous fisheries plan 

to guide state’s efforts to protect and increase the naturally spawning salmon, steelhead 
trout and anadromous fishery resources of the State.36 

 

36 For steelhead, this finding resulted in the Steelhead Restoration and Management Plan for California (McEwan and 
Jackson 1996)  
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In addition to findings, the legislature declared several new statewide policies to guide the CDFW 
and CFGC in implementing the Act, including: 

o To significantly increase the natural production of salmon and steelhead by 2001 and a 
plan to double the current natural production of salmon and steelhead,37 
 

o To recognize and encourage participation of the public in private and publicly funded 
mitigation, restoration and enhancement programs in order to protect and increase naturally 
spawning…steelhead trout resources, and 

  
o To not further diminish existing natural salmon and steelhead trout habitat without 

offsetting the impacts of lost habitat. 
 

The CFGC adopted a statewide Steelhead Rainbow Trout policy to guide management and 
restoration of steelhead in California.  Paragraphs I-IV and VI of the policy read, 

I. “Steelhead rainbow trout shall be managed to protect and maintain the populations and 
genetic integrity of all identifiable stocks.  Naturally spawned steelhead shall provide 
the foundation of the Department’s management program.”  

II. “Steelhead shall be rescued only when they will be returned to the stream system of 
origin.  Rescue of juvenile steelhead shall be limited to circumstances where fish can 
be held until habitat conditions improve, or where immediate release can be made in 
under-stocked areas of their natal stream system.”  

III. “Restoration and acquisition plans shall be developed and implemented to safeguard 
such critical habitats as estuaries, coastal lagoons, and spawning and rearing areas, and 
to protect or guarantee future instream flows.  All steelhead streams shall be inventoried 
for quantity and quality of habitat, including stream flows conditions…” 

IV. Existing steelhead trout habitat shall not be diminished further without offsetting 
mitigation of equal or greater long-term habitat benefits…Artificial production shall 
not be considered appropriate mitigation for loss of wild fish or their habitat. 

VI. Resident fish will not be planted or resident fisheries developed in drainages of 
steelhead waters, where, in the opinion of the Department, such planting or 
development will interfere with steelhead populations 

 
The essence of the above laws and policies are to emphasize the use of natural spawning of adults 
and rearing of juveniles in perpetuating steelhead populations.  This RRMP is predominantly 
congruent with, and complements, CDFW policy by relying on natural reproduction (i.e. no 
hatchery propagation) to provide juvenile steelhead, which are in need of rescue due to lack of 
streamflow in habitats that once were perennial.  The RRMP rears rescued fish until re-release into 
or immediately upstream of the areas they were rescued from and avoids intra-specific competition 
by minimizing the relocation of rescued fish upstream.  Upstream relocations of rescued fish are 
only done when resident fish densities make it safe to do so, based on population density 
assessments from the prior fall season.  In the past, the CDFW has expressed concern over 
continuing the practice of  rescuing fish, in lieu of providing natural habitats and will continue to 
do so, which is consistent with the above policies.  On the other hand, the CDFW continues to 

37 For purposes of the Act, production is defined, “the survival of fish to adulthood as measured by the abundance of 
recreational and commercial catch together with the return of fish to the state’s spawning streams.” 
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support full implementation of all elements of the District’s Mitigation Program, until a new water 
supply project is developed to reverse the historical habitats losses caused by excessive diversions. 
 
3.4 List All Existing Cooperative Agreements, Memoranda of Understanding, 

Memoranda of Agreement, or Other Management Plans, Programs or Court Orders 
Under Which the RRMP Operates: 

 
The RRMP operates under the following agreements which are consistent with the RRMP: 

3.4.1 California Department of Fish and Wildlife (Annual Memorandum of Agreement 
for Sleepy Hollow Steelhead Rearing Facility) 

3.4.2 California American Water (30-year Lease and Agreement for Use of CAW 
property at Sleepy Hollow Steelhead Rearing Facility) 

3.4.3 County of Monterey (Monterey County Land Use Permit) 
3.4.4 California State Water Resources Control Board (Permit 20808 and successors, 

implementation of mitigation measures including fish rescues)  
3.4.5 Monterey Peninsula Water Management District Water Rights Orders 95-10, 2002-

0020, 2009-0060, and 2016-0016; 1990 Water Allocation Program EIR and 
Mitigation Plan 

 
3.5 Describe Fisheries Benefitting From the Program, and Indicate Harvest Levels and 

Rates for Program-Origin Fish for the Last Twelve Years (2001-2012), if Available: 
 
The RRMP benefits the existing catch-release winter sport fishery in the lower Carmel River by 
sustaining and potentially increasing the number of catchable fish within the rescue zone of the 
lower river.  Currently, there is no program to determine incidental mortality levels and rates for 
SHSRF-origin or other sea-run adult steelhead in the Carmel River Basin, since harvest has been 
prohibited for decades.  The only previous estimate of harvest level was made in 1984, when sport 
anglers harvested (lethal take) approximately 55 percent of the run as measured at the former San 
Clemente Dam site (Dettman 1984).  The high harvest percentage in 1984 was due to a pattern of 
high flows that attracted steelhead into the river, followed by low flows that increased their 
vulnerability to harvest.  This harvest rate is no longer applicable to the current fishery, since 
fishing regulations have become much more restrictive.  Angling is now only catch and release, 
usually only three days per week, restricted to periods of higher flows within only the first half of 
the migration season, such that anglers can only access the run approximately 10-20% of the time.  
Angling access is also only allowed to the lower 22% of the watershed’s spawning grounds that 
occur below Robles del Rio at RM 14.5.  Although no local information is available on the impact 
of these improved regulations on the population, and most data on incidental hooking mortality is 
based on research on other salmonid species, often in warmer waters, it can still be assumed to be 
below 7 percent and is most likely closer to 3.5 percent or less of the fish actually engaged by an 
angler (Taylor and Barnhart, 1997; Dauwalter, 2014; Burge, 2016).  Angling effort is very low 
according to unpublished CDFW creel surveys.  Currently, the available information is insufficient 
and no monitoring program is in place, to assess future incidental harvest rates due to catch-and-
release mortality of SHSRF fish versus non-program fish.  Considering that significant numbers 
of non-program fish (not artificially reared) may also be handled and transported during drought 
periods, it is probably infeasible to accurately distinguish proportions of the fishery that are 
conducted on non-program vs. program fish. 
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3.6 Relationship of RRMP to Habitat Protection, Means and Constraints to Minimizing 
R&R Activities, While Providing a Domestic Water Supply from the Monterey 
Peninsula Water Resource System: 

 
While the RRMP is a means for mitigating the effects of existing water supply production by CAW 
and others, it is not a permanent substitute for protecting viable habitats in the lower Carmel River.  
Implementation of fish rescues implies that other alternatives are currently unavailable for 
reducing water supply production from the Carmel River Basin.  Alternatives do exist, but 
unfortunately providing an alternative water supply project within the Monterey Peninsula Water 
Resources System, reducing water production from Carmel Basin, and thereby restoring habitats 
has proven to be a very complex task that has met with many delays.  Even the most recent water 
supply alternative (CAW’s Monterey Peninsula Water Supply Project) is not expected to come 
online until 2021.  Given this situation, an immediate goal or requirement for reducing water 
production as a means to achieve less reliance on rescues may not be feasible, without substantial 
water rationing in most years.38  However, incremental changes in CAW’s production from Carmel 
Valley are possible as future water supply projects come online.  For example, the District, in 
cooperation with CAW, has been developing Phases 1 and 2 of the Seaside Basin Aquifer Storage 
and Recovery Project.  The Phase 1 injection facilities were completed in 2009 and Phase 2 will 
be completed in 2014.  They have the potential to inject an annual average of approximately 2,000 
AF of Carmel River water during winter, surplus-flow periods and to recover up to 1,500 AF 
annually for use in the Cal-Am water supply system during the dry season.  Depending on water 
availability during winter months, the amounts injected over 1,500 AF in a given year can be stored 
in the Seaside Basin for recovery during subsequent dry years.  The ASR project has the capability 
to reduce CAW production by up to 9.8 AF/day (4.9 cfs) during the typical five-month dry season.  
At this production rate, the zone of drying in the lower Carmel River would be substantially 
reduced, viable habitats would be increased, and need for rescues would be reduced.  

38 The SWRCB issued Water Rights Order 2009-0060 in 2009, which is a Cease and Desist Order against CAW to 
reduce water supply production from the Carmel River Basin in stages down to 3,376 AF by Water Year 2017.  That 
order was replaced by Water Rights Order 2016-0016 in 2016, which reduced production to 8,510 AF through 
December 31, 2021, by which time production must not exceed the legal limit of 3,376 AF.  It will also take a number 
of years after CAW brings any new water supply on line to assess what level of ongoing mitigation may be needed to 
address the impacts of future levels of reduced, but potentially not de minimis, water supply production by all parties 
within the District. 
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4. WATER SOURCE 

4.1 Provide a Quantitative and Narrative Description of the Water Source (Spring, Well, 
Surface), Water Quality Profile, and Natural Limitations to Rearing Steelhead 
Attributable to the Water Source: 

4.1.1 Main River Pumps: 

Facility water is supplied directly from the adjacent Carmel River by two large submersible pumps.  
The pumps are installed approximately eight feet underground within a concrete gallery.  River 
water flows into the gallery directly from the river through a ten-inch pipe connected to a large-
diameter intake screen in the middle of the river channel.  The intake screen is constructed of 
wedge-wire mesh with 3/32-inch slot openings and sized to meet CDFW and NMFS screen criteria 
to protect salmonid fry.  During operations, the screen is checked and manually cleaned once per 
day.  The screen is not fitted with an automatic cleaning device, though it is plumbed for an air-
burst cleaning system.  After traveling through a cooling tower to reduce the temperature, up to 
two cubic feet per second (cfs) of river water is piped to the rearing channel and tanks before being 
discharged back into the river approximately 300 feet downstream of the inlet. 

4.1.2 Back-Up Pump: 

In addition to the two primary river pumps, a large, portable, agricultural pump was purchased in 
2003 as part of the Facility’s Interim Retrofit Project that addressed the possibility of future 
sediment loads from San Clemente Reservoir (SCR).  This pump attaches directly to the intake 
screen via a 6-inch hose and delivers 500 gpm.  The water is pumped through a 6-inch PVC pipe 
directly to the cooling tower or through a sand separator 

4.1.3 Other Water Sources: 

At this time, there are no other water sources for the Facility, but two means of diverting water 
were previously investigated. 

4.1.4 Gravity-Fed Intake: 

In 1992 during the early design phase of the project, the District investigated a gravity-fed, 10-
inch pipeline for the Facility.  In this concept, a screened water diversion would have been 
constructed and operated about ½-mile upstream of the Facility.  No electrical power or primary 
pumps would have been needed for this proposal, but the option was denied by CDFW, as the 
option would negatively impact steelhead habitats between the intake and discharge locations at 
low flows by reducing the streamflow. 

4.1.5 CAW Tie-In:   

The original Facility plan included a tie-in to the CAW diversion pipeline that runs from the former 
SCD site to CAW’s Carmel Valley Filter Plant.  This was proposed as a back-up source during 
periods when the primary intake at the Facility was inoperable. This option was sidelined after 
1998, when the sand deposition and suspended sediment began to affect the viability of CAW’s 
diversion at SCR.  CAW initiated a project to remove SCD in 2013, in cooperation with NMFS 
and the State Coastal Conservancy, and completed it in 2015. 
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4.1.6 Existing Quantity of Water Available for the Facility:  

The quantity of water available in the Carmel River is adequate to supply the Facility in all but 
severely Critically Dry Water Year Types, or second and further years of consecutive drought.  A 
portion of the supply is stored water from Los Padres Reservoir (LPR).  At the District gaging 
station at the Sleepy Hollow Weir (SHW), the mean monthly flows have ranged from minimums 
of 3.5 to 6.0 cfs to maximums of 14 to 234 cfs and averaged from 8 to 59 cfs (Table 4-1).  Based 
on the mean monthly flows, the Facility’s 2 cfs diversion rate ranges from 3.4 to 25 percent of the 
streamflow.  During critically-dry conditions, such as the 1994 and 2007 Water Years, the 
diversion rate comprised up to 57 percent of the streamflow.   

Table 4-1 

 

4.1.7 Existing Quality of Water Available for the Facility:  

Year June July August September October November December
1994 6.0 3.7 4.0 4.0 4.0 3.6 3.6
1995 66.6 22.5 8.9 8.4 8.8 9.0 23.5
1996 23.9 13.8 8.5 8.4 7.4 15.5 inc2

1997 10.4 6.1 6.1 6.2 4.5 11.5 71.7
1998 106.0 50.9 21.2 14.0 17.2 21.1 37.1
1999 29.8 10.7 6.6 7.1 6.5 8.3 8.7
2000 28.1 15.7 9.9 8.9 12.7 15.1 15.0
2001 20.0 11.9 7.4 7.5 6.9 11.4 129.0
2002 17.8 9.4 6.3 5.9 6.0 38.0 234.0
2003 39.8 19.9 11.9 9.7 7.8 8.0 39.9
2004 13.5 7.3 5.7 6.3 8.7 17.3 118.2
2005 47.5 22.5 15.5 11.1 9.7 9.2 67.3
2006 53.8 21.9 13.8 10.5 8.3 9.2 11.5
2007 7.5 4.3 3.7 3.5 3.7 3.6 4.3
2008 14.8 7.8 5.2 5.1 5.1 5.7 8.1
2009 24.2 13.1 8.5 8.1 81.2 24.1 61.3
2010 58.7 29.2 15.2 12.9 14.7 16.5 110.0
2011 86.3 35.3 18.3 15.5 18.6 19.3 17.9
2012 13.3 8.1 7.4 6.2 5.1 6.7 195.0

MEAN 35.2 16.5 9.7 8.4 12.5 13.3 64.2
MAX 106.0 50.9 21.2 15.5 81.2 38.0 234.0
MIN 6.0 3.7 3.7 3.5 3.7 3.6 3.6

2inc:  Incomplete record for this month.  Gaging station monitors low flow releases from San Clemente Reservoir.

Mean Monthly Streamflow in the Carmel River at Sleepy Hollow Weir                           
June-December, Water years 1994-20121 

1Source: James, G.W. 1996,1999, and 2004 and MPWMD website at: 
http://www.mpwmd.net/wrd/riverflows/riverflows.htm

In 1992, the District expanded its surface water-quality monitoring program to include the SHW 
at RM 17.1.  Since 1992, District staff has measured the following chemical parameters on a semi-
monthly basis (twice per month): 

1. Water temperature 
2. Dissolved Oxygen 
3. Carbon Dioxide 
4. pH 
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5. Specific Conductance 

The District observed physical conditions pertaining to water color, odor and turbidity during the 
semi-monthly measurements. After an unusually warm period in 1995, the District expanded the 
semi-monthly water temperature sampling program and installed a continuous recording 
temperature sensor at SHW in 1996.  Beginning in December 2002, the District added turbidity 
measurements to the list of quantitative water quality parameters. Tables 1 to 16 in Appendix 4-
A, and Figures 4-1 to 4-3 summarize the data for the period from Water Year 1997 to 2012. 
Figures 4-4 and 4-5 summarize the turbidity data for the period from Water Year 2002 to 2012. 

Generally, physical and chemical characteristics of the water supply are suitable for rearing 
juvenile steelhead: 

o Dissolved Oxygen - Since 1997, dissolved oxygen varied from 6.1 to 15.5 mg/L during 
semi-monthly measurements (Figure 4-1).  Measurements from the lower end of this range 
less than or equal to 9 mg/L (usually correlated with warmer water temperatures) and 
yielded saturation levels above 90%. These levels are well within the suitable range for 
steelhead. 

o Carbon Dioxide - Carbon dioxide ranged from 5 to 20 mg/L with 95% of the 
measurements in the 5 to 10 mg/L range (Figure 4-2).  Exceptions within the high end of 
the range occurred in July-September 2003 and correlated to the initial drawdown of SCR 
to meet the California State Department of Water Resources requirements for reducing the 
risks from a seismic failure at SCD.  Levels of CO2 above 10 mg/L are problematic for 
juvenile steelhead because of its effect on fish respiration. Higher CO2 concentrations 
interact with high water temperature and dissolved oxygen to limit the amount of oxygen 
extracted for blood.  If CO2 persist at high levels, the reduced respiration limits fish activity, 
growth and normal behavior. In addition to decreasing temperatures, the cooling tower has 
the added benefit of stripping CO2 and saturating flow with dissolved O2. 

o Conductivity - Conductivity measurements ranged from 129 to 450 microsiemens per cm 
(uS/cm) with the highest levels typically during the low-flow season (Figure 4-3).  In the 
Carmel River Basin, this conductivity range is approximately equivalent to 104 to 360 
mg/L of total dissolved solids and within the range suitable for hatchery water supplies 
(Piper, 1982). 

o Turbidity - Prior to 2003, the District observed turbidity and rated it on a qualitative scale 
as none, slight, moderate and high.  In response to potential increases in turbidity associated 
with the SCD Interim Seismic Retrofit Project, the District began semi-monthly 
measurements in December 2002.  As shown in Figure 4-4, turbidity levels typically 
increased during the early summer through fall period, coincident with current operations 
to lower the water surface elevation in SCR.  It appears that turbidities increased to higher 
levels and persisted for longer periods in 2003 and 2004, as comparedto the most recent 
year 2012.  As shown in Figure 4-5, turbidity levels at the SHW are often higher than 
turbidity measured below Los Padres Dam (LPD).  The pattern at SHW results from 
mobilization and transport of fine suspended sediments through the inundation zone, as the 
water surface elevation is drawn down and suspension and passage of the finest fraction is 
released through the dam ports. 
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Figure 4-1 

 

 

 

Figure 4-2 
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Figure 4-3 
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Figure 4-4 
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Figure 4-5 

 

Regarding its effect on fish at the Facility, the turbidity is usually low enough (<5 NTU) 
to not interfere with normal fish behavior, feeding, metabolism and growth.  In some 
instances, where the levels persist above 5 NTU for several weeks, the behavior of 
juveniles could be affected, but these impacts are not expected to be a major problem.  
Turbidities in the 10-25 NTU range, as were common during the initial year of drawdown 
at San Clemente Dam (2003), are more problematic and have increasingly deleterious 
behavioral and physiological effects including avoidance behavior, breathing interference, 
reduced reaction times, changes in territoriality, reduced foraging, and reduced growth.  
Separate from effects on individual fish, the suspended sediments correlated with 
turbidities in the 5-25 NTU range, settle out in the rearing channel, thereby reducing habitat 
complexity, reducing primary productivity, reducing aquatic insect/food production, and 
filling pore spaces throughout the channel and in biological filters.  A synopsis of these 
low-level turbidity effects is itemized in Appendix 4-B, per a review by Bash, Berman and 
Boltman (2001).   

o Water Temperature - Water temperatures are often outside the suitable range for rearing 
juvenile steelhead.  Figures 1-16 in Appendix 4-A show plots of seasonal water 
temperature at the SHW for the period 1997-2012.  Close examination of the seasonal 
trends show warming and cooling patterns typical of coastal streams in this part of 
California, but the maximums and mean temperatures during the summer months 
historically range above levels normally found at this elevation in steep, mountainous 
canyons.  Notably, the extent and duration of temperatures during the warmest period 
coincides with the period that juvenile steelhead are reared at the Facility (Table 4-2).  
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Mean daily temperatures exceeded 65 °F on 54 to 142 days per year during the 1997-2007 
period and maximum daily temperatures exceeded 70°F on 20 to 125 days.  Based on 
experience in 1997 and 1999, this temperature regimen, left untreated, places severe stress 
on juveniles, causing loss of body condition, susceptibility to disease, poor growth and in 
extreme cases, near complete mortality.  On the positive side, the seasonal thermal regimen 
appears to be cooling, as indicated by the reduction in number of days with means > 65 °F 
and with maximums >70 °F (Figure 4-6).  This pattern probably has resulted from recent 
changes in reservoir operations associated with the SCR drawdown project.  Since 2003, 
the influence of the reservoir on heating river water has gradually diminished as CAW no 
longer fills the Reservoir during spring months and water level is drawn down during the 
summer period; thereby reducing the water surface area in the old inundation zone.  The 
morphology of the inundation zone is also changing, becoming more like a stream with a 
defined flow channel.  Recent technical analysis of the District’s stream temperature data, 
by a USDA Intern using non-parametric Time Series Analysis (Mann-Kendall) indicates 
that the river as a whole is undergoing a slow but significant cooling trend since 1996, 
including a significant trend at the SHW.   

Table 4-2 

 

 

 

 

 

1997 15-May-1997 142 16-May-1997 125
1998 15-Jun-1998 86 13-Jul-1998 62
1999 14-Jun-1999 95 22-Jun-1999 78
2000 16-Jun-2000 96 16-Jun-2000 76
2001 21-May-2001 116 31-May-2001 87
2002 29-May-2002 102 30-May-2002 83
2003 inc2 inc2

2004 3-Jun-2004 100 15-Jun-2004 87
2005 29-Jun-2005 66 5-Jul-2005 33
2006 17-Jun-2006 71 16-Jul-2006 20
2007 3-Jun-2007 75 14-Jun-2007 45
2008 16-May-2008 52 20-Jun-2008 11
2009 17-May-2009 46 NO DAYS 0
2010 6-Jun-2010 21 16-Jul-2010 3
2011 21-Jun-2011 13 NO DAYS 0
2012 17-Jun-2012 25 NO DAYS 0

2inc: Temperature record incomplete for 2003 (ends May 19,2003)

1Source: MPWMD data files:daily maximum and mean water temperatures based on houly data recorded at Sleepy Hollow Weir Hamilton(2004) and Canning 
(1998)

Year First Date with Mean 
Temp. > 65 deg F

Seasonal Duration (days with 
Mean Temp. > 65 deg F)

First Date with Maximum 
Temp. > 70 deg F

Seasonal Duration (days with 
Max. Temp > 70 deg F)

                   Summary of Water Temperature Exceedance and Duration Parameters in the Carmel River at Sleepy Hollow 
Weir, 1997-20121
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Figure 4-6 
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Seasonal Duration of Daily Water Temperatures: Data gathered from the Sleepy Hollow 
Weir located in the Carmel River at RM 17.6 from 1997 to 2012.  No data is available for 2003 
due to a temperature recorder malfunction.  Years 2009, 2011, and 2012 all had zero days with 
a maximum temperature greater than 70 degrees.   

o Treatment of High Temperature - The District conditions incoming water with a cooling 
tower, primarily to reduce water temperatures, but the tower has the added benefit of 
stripping CO2 and saturating the flow with dissolved O2.  Water flows through the tower 
continuously during summer months with the tower fan turning on automatically when 
influent temperature exceeds 59 °F.  Typically, the tower cools the water by a maximum 
6-10 °F depending on river temperature and relative humidity (Figures 4-7 and 4-8). 

In addition to operation of the cooling tower, the quarantine tanks are fitted with 
thermostatically controlled chillers to reduce and control water temperature.  In 2008, the 
District retrofitted the eight rearing troughs with filtration and chiller systems to control 
temperature and increase carrying capacity in these facility components.  
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Figure 4-7 
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Figure 4-8 

Water Temperature in Facility vs. Carmel River
July 2005 - February 2006
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4.1.8 Other Known Constraints to Water Supply for the Facility:   

Two additional constraints may limit future suitability of a water supply for the Facility, including 
sediment transport and future loss of surface water storage in LPR.  The following sections provide 
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brief descriptions of constraints and potential solutions: 

Figure 4-9 shows the predicted future sediment loading at the intake, ranging from 0.05 
tons/day at 1 cfs to 50 tons/day at 100 cfs (Mussetter, 2002).  Depending on timing of future 
flows, duration of the Facility operation season, the annual sediment deposition or intake 
of sediment is expected to range from approximately 35 to 200 tons per year (Figure 4-
10).  Considering the intake is a direct diversion, the entrainment of sediment on the order 
of 35 to 200 tons per year will cause frequent pump failures and jeopardize Facility 
operations during late-fall and winter months.  To examine options for this problem, the 
District retained List Engineering Inc. (List) to develop and recommend concepts for 
protecting the water intake system.  List (2003) examined eight conceptual alternatives and 
recommended Alternative 8, with parallel buried concrete settling pits, a new river inlet, 
new pump housings, revised pumps and a new 10-inch water supply line (Figure 4-11).  
For reference the List Report is included as Appendix 4-C.  Based on the feasibility report 
and future uncertainty about future sediment transport rates, the District did not pursue a 
complete retrofit of the Facility, but implemented an Interim Sediment Retrofit Project 
including new pump seals, an adjustable intake screen, a new emergency backup pump, 
and a sand filter to improve reliability.  Additional improvements may be needed to protect 
the Facility against potentially higher sediment delivery rates with the removal of SCD, 
and to increase the ability to replace failed intake pumps under emergency conditions.  A 
further design review and update was produced by List Engineering in 2010, which 
expanded on, and slightly revised the preferred alternative (List 2010).  These two reports 
are the basis for an impending grant from the State Coastal Conservancy, utilizing CAW 
mitigation funds held in trust for the river by CDFW.  While some additional feasibility 
evaluations may be needed, and final design and permitting work is required, the primary 
constraint to making further improvements to the facility intake by 2018 is funding.  That 
will soon be addressed by a grant of CAW’s ESA Section 9 settlement funds, passed 
through the State Coastal Conservancy. 
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Figure 4-938 

 

 

  

 

50 tons/day 
@ 100 cfs

38 Source: Figure 5.2 from Mussetter (2002):  Under baseline conditions the sediment delivered to reach below San Clemente Dam 
equals sediment delivered and transported through the inundation zone of San Clemente Reservoir. 
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Figure 4-10 39  
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39 Estimates of sediment loading, transport and deposition are based on sediment transport capacity curve for the reach below San 
Clemente developed by Mussetter (2002) and the hydrologic record of daily flows from the District’s CVSIM model, 1958-2001. 

81 10/19



Figure 4-11 40 

 

o Sediment Transport - The future sediment transport regimen at the Facility water intake 
will substantially change in the near future.  SCD was removed in 2015 by the Carmel 
River Reroute and dam Removal Project (CRRDR, www.sanclementedamremoval.org).  
The sediment deposited in the uppermost inundation zone remobilized during recent 
winters and was transported into the river channel below the dam.  This material passed 
down the river as suspended or bedload particles and ended up at the Facility intake.  The 
full potential of the river to transport sediment into the intake is only now being realized.  
Figure 4-9 shows CRRDR predictions of future sediment loading at the intake, ranging 
from 0.05 tons/day at 1 cfs to 50 tons/day at 100 cfs (Mussetter, 2002).  Depending on 
timing of future flows, duration of the Facility operation season, the annual sediment 
deposition or intake of sediment is expected to range from approximately 35 to 200 tons 
per year (Figure 4-10).  Considering the intake is a direct diversion, the entrainment of 
sediment on the order of 35 to 200 tons per year will cause frequent pump failures and 
jeopardize Facility operations during late-fall and winter months.  To examine options for 
this problem, the District retained List Engineering Inc. (List) to develop and recommend 
concepts for protecting the water intake system.  List (2003) examined eight conceptual 
alternatives and recommended Alternative 8, with parallel buried concrete settling pits, a 
new river inlet, new pump housings, revised pumps and a new 10-inch water supply line 
(Figure 4-11).  For reference the List Report is included as Appendix 4-C.  Based on the 

40 Source: List Engineering, Inc (2003) 
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feasibility report and future uncertainty about future sediment transport rates, the District 
did not pursue a complete retrofit of the Facility, but implemented an Interim Sediment 
Retrofit Project including new pump seals, an adjustable intake screen, a new emergency 
backup pump, and a sand filter to improve reliability.  Additional improvements were 
needed to protect the Facility against potentially higher sediment delivery rates with the 
removal of SCD, and to increase the ability to replace failed intake pumps under emergency 
conditions.  A further design review and update was produced by List Engineering in 2010, 
which expanded on, and slightly revised the preferred alternative (List 2010).  These two 
reports were the basis for a grant from the State Coastal Conservancy (SCC), utilizing 
CAW’s ESA Section 9 settlement funds.  The alternatives evaluation and initial Basis of 
Design Report was completed in 2015 (http://www.mpwmd.net/environmental-
stewardship/carmel-river-steelhead-resources/steelhead-rescue/sleepy-hollow-facility/).  
The construction grant was approved by the SCC in December 2017.  We are at 60% design 
and have submitted all our environmental and building permit applications.  Construction 
is expected to begin in summer 2018. 

o Loss of Surface Water Storage in Los Padres Reservoir - Currently, LPR captures and 
stores approximately 1,569 acre-feet of surface runoff during the wet season from 
November through May.  During the dry-season, CAW releases a portion of the stored 
water, which flows past SCD and into the lower Carmel River.  The levels of streamflow 
listed in Table 4-1 depend on the storage and release of water stored in LPR, which is 
gradually filling with sediment, in a similar fashion to SCR.  Depending on the rate of fill, 
the loss of storage in LPR will eventually jeopardize CAW’s ability to augment natural 
flows, as listed in Table 4-1.  Once this happens, the flows available for diversion at the 
Facility intake may not be enough to supply the Facility and provide a net positive flow in 
the 300-foot long pool between the diversion and the Facility discharge. This is expected 
to occur most frequently in Critically-Dry Water Year Types, or the second and further 
years of a drought, when natural inflows to LPR can be below 2 cfs.  Under these 
conditions, the basic Facility design and operations do not allow it to continue to reliably 
operate, and steelhead reared there would have to be released into the upper river sooner 
than intended as happened for the first time in 17 years of operations, during September 
2013.  The District’s experience operating at low flows in 1994, 2007, and 2013 indicates 
that the Facility cannot be reliably operated when daily mean river flows are less than 3.5 
- 3.8 cfs, depending on seasonal debris load in the river.  The Facility is undergoing an 
intake and screening redesign and retrofit in 2018-2019 to improve its reliability in 
handling of the suspended bed load and coarse sediments (i.e., sand) that did increase in 
the river as a result of the removal of SCD.  It is unlikely that the intakes can be revised to 
allow operations at significantly lower flows, as it appears common aquaculture intake and 
screen design criteria assume an intake should be bypassing 50-66% of stream flow, 
whereas current low-flow operations of the Facility already require diverting up to 57% of 
the river flow.  Developing a groundwater-based source of supply is also likely infeasible, 
since existing geological surveys indicate depth to bedrock in the area is too shallow.  A 
horizontal well system (i.e., Ranney collector) was rejected by List (2003) as an alternative 
due to cost estimates of $500,000 to $1,000,000 just to drill and install that specific 
component, if further expensive geological studies and gravel bar permeability tests proved 
such an intake was feasible. 
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4.2 Indicate Risk Aversion Measures That Will be Applied to Minimize the Likelihood 
for the Take of Listed Natural Fish as a Result of Hatchery Water Withdrawal, 
Screening, or Effluent Discharge.  The following risk aversion measures are used to 
minimize the take of listed natural fish: 

4.2.1 Water Intake Screen:  The intake screen is oriented parallel to normal river flow to avoid 
risk of impingement, an approach velocity of 0.33 feet per second was used in calculating 
required screen area, and the wedge-wire was specified with a 3/32” slot-width dimension.  
Although the screen is not fitted with mechanical cleaners, staff checks and cleans the 
screen daily, or more often as needed to keep the slots open and clear.  The intake screen 
will be replaced with a self-cleaning model as part of the SHSRF Intake Retrofit Project 
currently planned for 2018. 

4.2.2 Rotating Drum Screen:  The terminal end of the rearing channel is fitted with a 
horizontal-rotating drum screen with 3/32 inch openings to prevent fish from passing into 
the Facility from the river. 

4.2.3 Discharge of Facility Water:  The District operates the Facility under permitting authority 
of the Central Coast Regional Water Quality Control Board (RWQCB) in San Luis Obispo, 
California.  The RWQCB requires specific conditions for operating including treatment of 
formalin, and monitoring water quality.  A copy of the most recent water-quality report to 
the RWQCB is attached as Appendix 4-D and our discharge waiver as Appendix 4-E.  
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5. FACILITIES   

5.1 Description of Rearing Facilities:  

The District designed the Facility in the early 1990s to hold juvenile steelhead rescued from the 
lower Carmel River during the summer.  The Facility area occupies a broad flood-plain terrace 
bench above the river at elevation 401 feet above sea level, covering approximately seven acres 
(Figure 5-1).  A mature canopy of coast live oak (Quercus agrifolia), local topography and several 
large California sycamores (Platanus racemosa) shade the site.  Streamflow at the site is perennial, 
and augmented during the dry months by releases from Los Padres Reservoir (LPR).  The Facility 
improvements cover approximately 9,300 square feet (ft2) of land, including 480 ft2 for the 
storage/office building, 2,400 ft2 for rearing pools, and 6,400 ft2 for a rearing channel.  The single-
story office, lab, and storage building is located adjacent to the tanks and rearing channel.  
Construction of the Facility began in 1995, was completed in 1996 and the first fish were received 
in late 1996. 
 
The design includes a screened freshwater intake, located on the riverbank at a large pool adjacent 
to the Facility and approximately 250 feet of 6-inch diameter PVC pipe to deliver water to the 
rearing facility.  The intake system delivers up to 900 gallons per minute (gpm). A portable 
irrigation pump provides an auxiliary back-up water supply of 500 gpm. 
 
With an optimal maximum capacity of approximately 47,000 juvenile fish, the rearing units 
include an 800-foot-long naturalized rearing channel, two large holding tanks (22 and 30 foot 
diameter), eight insulated fiberglass rearing troughs, and six 8-foot diameter quarantine/holding 
tanks.41 
 
Generally, the Facility operates from early summer to late fall/early winter depending on river 
flow and weather conditions.  Once flow has returned to the lower river for about two weeks, 
District staff recaptures, counts and releases the fish back into the river. 
 
The following sections describe details of the mechanical-electrical components and equipment: 
 
5.1.1 Pumps: 

There are six permanent water pumps at the Facility (P1, P2, P3, P4, P5 and a small booster pump), 
and one large portable, emergency river pump (P6). 
 
5.1.2 River Pumps (P1 and P2):   

Two large, 30 horsepower (HP) PACO pumps (Model # 51-41211-5882, Serial #s 00010293A & 

41 The channel and tanks were originally sized to hold and rear a maximum of 64,000 wild YOY 
and juvenile steelhead to a weight of about 13 grams through October 15 of each year. Based on 
experience during the past seventeen years, this RRMP anticipates downsizing the initial stocking 
capacity to approximately 36,200 juveniles, including 8,450 fry, 23,700 fingerlings, and 4,050 
yearlings. (see Chapters 7 and 8 for a detailed description of capacities and expected numbers of 
stocked juveniles) 
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00010293B) located in the pump galley adjacent to the river, supply all the water for the Facility
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(Figure 5-2).  The river pumps are sized to provide a maximum flow of 900 gallons per minute.  
Water flows under gravity head pressure into a wedge-wire drum screen in the middle of the river 
channel and through a 10-inch diameter pipe into the gallery (Figures 5-3 and 5-4).  Once in the 
gallery, water is pumped under the cobble bar in a six-inch diameter PVC pipe to an underground 
vault fitted with a water meter, meter bypass circuit and hand-valve controls.  A standby 
replacement P1/P2 pump is always in storage (PACO Pump Model #P25C2704L), and is rotated 
in to service when one of the others is out for service.  When it is returned from service, it becomes 
the standby pump.  All three pumps were rebuilt between 2010 and 2013.  The pumps generally 
run three or more years before needed repair or maintenance.   
 

Figure 5-2  
River Pumps Nos. 1 and 2 

 

 
 
 

Figure 5-3  
Adjustable River Intake Screen 
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Figure 5-4  
Intake Gallery at High Flows (about 750 cfs) 

 
 
5.1.3 Cold Well Pumps (P3, P4, and P5):   

There are three pumps positioned in the cold well that receive water from the cooling tower - two 
smaller, 7.5 HP, cast iron pumps (P3, P4), and a larger 10 HP, variable-speed pump (P5).  P3 and 
P4 operate automatically (Figure 5-5).  When the Cooling Tower is operating, one of the two is 
always on.  The District replaced these pumps in July 2001.  A standby replacement P3/P4 pump 
is in storage (Tsurmi Pump Model #KRSZ-B4 7.5 HP, 1720 RPM, 3PH/230V). 
 
Pump P5 operates full time, but the amount of water it pumps varies constantly depending on the 
water level in the cold well that is maintained within a predetermined range.  The District replaced 
P5 in September 2003 after the pump failed due to water entering the outer seal of the pump.  A 
new PACO Pump #51-49513-5782, 230 V 10HP with Tungsten Carbide outer seals was purchased 
from Alsop Electric Motor shop in Salinas and the original P5 was rebuilt as a backup (PACO 
Pump MODEL P21G2701, ID# 05MX212701). 
 
5.1.4 Portable Emergency Pump (P6): 

As part of its Interim Sediment Retrofit Project in 2003, the District purchased a Gorman-Rupp 
portable pump (Model T4A3S-B) to use when high bed load and suspended load movement 
jeopardizes the use of P1 and P2 or when P1 and P2 need maintenance.  This pump sits on a gravel 
pad adjacent to the pump galley during operations (Figure 5-6). A 6-inch hose and portable 
pipeline connect the pump to the intake of centrifugal separator or bypass inlet to the cooling tower.  
The District replaced the rotating assembly (impeller, seals, shaft, and housing) in 2003 after 
pumping at low discharge rates damaged the impellers.  A spare rotating assembly is stored in the 
shop.   
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Figure 5-5  
Coldwell with Pumps Nos. 3, 4 and 5 

 
 
During fish removal operations in the fall/winter period, the District uses the P6 pipeline to supply 
low water inflow rates to the rearing channel.  During this period, excess flow from P1/P2 diverts 
backwards through the 6-inch pipeline and discharges onto the cobble bar. 
 
5.1.5 Booster Pump:  

To supply domestic water for the office/shop/lab, a small booster pump pressurizes filtered river 
water from the supply line and pumps the filtered water up the back hill to an upper 200-gallon 
primary settling tank. The pump is located behind the office building under a protective wooden 
structure.  The booster pump starts/stops automatically as controlled by a floating ball switch in 
the upper settling tank.42           
 
Water pressure in the pipes must remain high enough for the booster pump to turn on.  This may 
require “necking down” the head-works valve on the rearing channel slightly to increase the 
system’s water pressure for short periods of time on rare occasions. 
 
5.2 Cooling Tower:  

Following the 1997 rearing season, when high water temperatures compounded by severe 
Ichthyophthirius and bacterial infections caused excessive mortalities, the District convened two 

42 The upper tank serves to settle any fine suspended particles.  Once settled, water flows via 
gravity differential pressure into the lower 1,400-gallon treatment storage tank where continuous 
treatment with dissolved ozone kills bacteria.  Water then flows via gravity pressure into the 
office/lab/shop building.  No interconnection is possible between the domestic water system and 
other facility supply, except outside the office building where a 2-inch gate valve is permanently 
shutoff. 

90 10/19



Figure 5-6  
Auxiliary Backup Pump  

 
 

Interagency-stakeholder workshops in November 1997 and November 1999.  As a result of these 
workshops, an extensive engineering feasibility study and consultations with the California 
Department of Fish and Wildlife and NMFS, the District installed a cooling tower in 2000 to 
reduce the temperature of incoming river water (Figure 5-7).  The tower handles a maximum flow 
of 900 GPM and the design goals are to keep maximum daily water temperature less than 70° F 
and maintain mean daily water temperatures below 65° F.  Within the tower, warm river water 
sprays over and drips through a stack of plastic media trays, as a large fan pulls dry air from the 
bottom of the tower up through the dripping water.  As the dry air passes through the dripping 
water, a small portion of the water evaporates, saturating the incoming air and cooling the 
remaining water in the process.  While the incoming water always passes through the tower, the 
fan only operates when the river water exceeds 59 °F.  A backup 30-HP fan motor and replacement 
fan belts are kept on site. 

 
5.3 Quarantine System: 

District staff are often forced to rescue steelhead from areas where water-quality conditions are 
poor and pathogens infect the rescued fish.  To help reduce the risk of passing infections from 
newly rescued fish to fish already stocked in the Facility, the District operates a quarantine system.  
Constructed in 1999, the system consists of five, 8-foot diameter x 3.5-foot deep insulated tanks 
displacing approximately 1,200 gallons (Figure 5-8).  Each tank has its own water and air supply 
line and recirculation chiller that can further reduce and maintain the tank water temperature to 
lessen fish stress and disease.  The chillers are capable of maintaining temperatures as low as 50 
°F with typical inflow rates of 5-10 gallons per minute.  Two additional tanks (8-foot diameter x 
3.5 feet deep and 4-foot diameter x 2.5 feet deep) are located adjacent to the quarantine system 
and are used to hold fish for short periods of time or while fish are tallied. Each is fitted with water 
and air supply lines. 
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Figure 5-7  
Cooling Tower 

 
 
Discharge/Testing of Treatment Water:  Water from the quarantine system, not used in the 
treatment of fish (i.e., contains no chemicals), is discharged onto the cobble bar where it percolates 
into the shallow groundwater adjacent to the Facility.  District staff discharges treatment water 
containing formalin or antibiotics into a pair of 8-foot diameter holding tanks and treats the 
formaldehyde-laden water with ozone for three or more days to oxidize the residual formaldehyde 
into formic acid, carbon dioxide and water.  Once treated, the District discharges the water onto 
the cobble bar. The data are provided the Central Coast Regional Water Quality Control Board 
(CC-RWQCB) on an annual basis.  Based on our annual reports, the CC-RWQCB continued to 
issue the SHSRF a General Waiver for Specific Types of Discharges in 2008 and 2014 (Appendix 
4-E). 
 
5.4 Blowers and Air Filtration System: 

Two 3.5 HP Sweetwater regenerative air blowers, one “normally on” and one on standby, operate 
continuously to supply filtered air for the entire Facility.  The normal air pressure in this system 
runs at about 48” of water pressure, or approximately 2 psi; a blow-off relief valve located on the 
air discharge line maintains the air pressure.  The pressurized filtered air flows to each bay of the 
rearing channel, quarantine tank, large rearing tank, and rearing trough. 
 
5.5 Rearing Channel: 

The Facility features an 800-foot long rearing channel winding along the base of a steep, north-
facing hill, under a dense canopy of mature coast live oaks, maples, and sycamores.  The design 
of the rearing channel simulates a natural environment with seventeen (17) pools interspersed 
between riffles and runs with the bottom covered in a layer of cobbles, boulders and large gravel 
(Figures 5-9 to 5-11).  Nominal depth of the channel is three feet; actual depth varies from 2.5 
feet in pools to about ¼ foot in the shallowest riffles.  Each year, the District adds assorted large 
and small woody debris, and boulders, to provide additional habitat complexity.  Channel slope 
averages ½ percent (0.5-foot fall per 100 lineal feet of channel).  At this slope, velocity varies from 
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near zero in the pools to 2 feet per second in the shallowest riffles.   
 

Figure 5-8  
Quarantine Tanks, Loading Dock and Safety Platform 

 
  
The channel is fitted with a horizontal, rotating drum screen at the end to prevent fish from 
uncontrollably migrating out of the Facility. 
 
Filtered air from the blowers flows into a 6-inch PVC pipe that runs along the top edge of the 
channel branching off at each pool, where a 2-inch pipe supplies clean air to a series of water 
filters. Most pools in the channel are fitted with an 8-foot x 4-foot filter bed comprised of a 
redwood frame covered by filter fabric, a stainless  steel grate and  a foot-thick layer of gravel.  
The filters in the lower four bays have been modified by filling the frames with mesh bags of 
Bioballs® (plastic media) then covering those with a sheet of Vexar.  The gravel layer has been 
removed.  Under the screen, pumped air discharges through a silica diffuser at the base of a 6-inch 
diameter riser.  The riser connects to a 4-inch perforated PVC-manifold in the filter box.  In 
operation, water draws downward through the gravel media and into the manifold, flows upwards 
into the air riser, and discharges back into the channel at the top of the riser.  Bacteria within the 
gravel break down the waste into harmless byproducts.  This process improves the water quality 
in the channel by filtering fish waste products and excess food from the water, stripping CO2, 
adding oxygen and circulating the water column. 
 
Below the 800-foot main section of the channel, the District constructed a special 100-foot long 
tail-works section consisting of six bays filled with red lava rock (¾-inch size). The tail-works 
function as a final biological filter for all the water leaving the Facility, prior to discharge back 
into the river, approximately 300 feet downstream of the intake diversion. 

 
 

93 10/19



Figure 5-9 
Rearing Channel Riffle 

 

 
 

Figure 5-10  
Rearing Channel Pool 
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Figure 5-12  
Rearing Channel Run 

 

 
 
In Spring 2005, the District installed a series of 14 two-piece plywood weirs at the downstream 
end of the pools.  The top piece is fitted with plastic mesh to allow water to pass, but blocks fish 
movement.  The weirs allow staff to segregate fish by rescue period, method, and size, effectively 
creating 15 separate rearing areas within the channel.  In Winter 2005, staff discovered that many 
of the smaller, young-of-the-year fish had moved from the lower bays to the upper bays in the 
rearing channel. This complicated accounting for survival percentages in each bay.  After the staff 
decommissioned the channel for the off-season, they discovered gaps under the new weir boards. 
To prevent fish movement in the future, staff filled the gaps with non-toxic caulking.  This has the 
added benefit of waterproofing the weirs, thereby adding an additional backup mechanism to 
prevent acute dewatering of the rearing channel, if the river pumps fail. In this configuration, the 
channel holds more water for a longer period without inflow, thereby giving staff more time to 
correct the problem without fish losses. 
 
District operates a series of feeding stations along the channel, including automatic belt feeders, 
and supplements this system with daily hand feeding throughout the channel. For more detailed 
description of feeding procedures please see Section 7.4. 
 
5.6 Rearing Tanks: 

The Facility includes two large above ground circular rearing tanks (22-foot or 30-foot diameters) 
(Figure 5-12).  Valve-controlled water and air flows independently to these tanks and each tank 
is fitted with a central overflow standpipe to control water volume.  Currently, these tanks cannot 
be run effectively if the rearing channel, quarantine tanks and rearing troughs are running at full 
flow, as the Facility inflow is insufficient for concurrent use of all the rearing containers.  The 22-
foot tank was fitted with a recirculating aquaculture, water filtration and sterilization system in 
Fall 2008 to allow late winter retention of large, high value smolts (>150 mm) for delayed release, 
in response to the risk of chronic or acute levels of suspended sediment expected to be mobilized 
in the river as a result of that summer’s severe Basin Complex Fire.  This tank now constitutes 
expanded rearing capacity for Yearling+ sized steelhead, as smaller fish (fry, YOY, pre-smolts) 
do not react well behaviorally to that much open water.  The Facility successfully reared 3,620 
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larger smolt-size steelhead for over eight weeks for delayed release in late February 2009.  The 
30-foot tank has been temporarily used since 2012 by CAW’s consultants for a red-legged frog 
rearing experiment, mandated by the United States Fish and Wildlife Service.   
 
5.7 Rearing Troughs: 

In Spring 2006 staff demolished one of the original 22-foot diameter tanks (Tank 2) and 
reconstructed the site into a series of eight rearing troughs (Figure 5-13).  Each trough is a 2-foot 
x 2-foot x 10-foot, 200-gallon insulated tank, fitted with an overflow standpipe, independent 
inflow control valves, and a filtered air source.  All the tanks have a chiller in place to help reduce 
water temperatures, and individual recirculating water filtration systems, which are only used 
when flow through needs to be minimized for disease treatment.  The purpose of these smaller 
tanks is to provide a controlled environment for holding initial groups of fry and small fingerlings, 
who are difficult to feed, tend to have more disease outbreaks, and do not adapt well to being 
immediately stocked into the rearing channel. Once they are stable and have reached a size 
sufficient to survive well in the rearing channel, they are relocated there. 
 
5.8 Alarm Systems: 

The Monitrol and RACO alarms were replaced with a modern SCADA style alarm system by 
Mission Communications in 2016.  District staff can remotely monitor the status of the pumps, 
water flow, and electrical power system. The alarm system automatically notifies key District 
personal by cell phone in case of pump malfunction, inflow rates decline, water levels in the cold 
well or pump gallery drop below established set points, or the PG&E power system is offline. In 
the event of alarm activation District staff can typically return to the Facility within an hour 
depending on the time of day. 
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Figure 5-12  
Rearing Tank No. 1 

 
  

Figure 5-13 
Rearing Troughs 

 
 
5.9 Acclimation/Release Facilities: 

The District releases fish by capturing fish, placing them in transport tanks and releasing at various 
points in the river downstream of the Facility.  If fish need to be removed on a set schedule, staff 
captures fish in the rearing channel first by pulling small seines through the channel with multiple 
passes and finally by electrofishing in each of the channel sections.  Depending on the numbers of 
fish in the channel, active removal of all the fish takes at least three weeks.  During active removals, 
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all fish are counted, placed into 5-gallon buckets and transferred to portable 125- or 300-gallon 
transport tanks throughout the day.  At the end of each day all of the fish captured that day are 
transported and released downstream of the Facility.   

 
5.10 Describe Operational Difficulties or Disasters that Led to Significant Fish Mortality: 

River water temperatures in the Carmel River at Sleepy Hollow often exceed levels that are 
considered suitable for juvenile steelhead, let alone acceptable for rearing juvenile fish under high 
population densities in an artificial setting.  Based on experiences in 1997 and 1999, it became 
obvious that water temperatures needed to be reduced or limited in some fashion because the high 
water temperatures, combined with an infestation of Ichthyophthirius sp. and bacterial infections, 
cause unacceptable losses.  Following the floods of January and March 1995 and January 1998, 
and prior to construction of the cooling tower in 2000, mean daily water temperatures often 
exceeded 65 ° F and trended into the low to mid-70 ° F range (Figure 5-14). 

 
Figure 5-14 

 

Mean Daily Water Temperature in the Carmel River
at Sleepy Hollow Weir, 1997 and 1999
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San Clemente Reservoir was nearly filled with sediment and since 2002 the California Division of 
Safety of Dams required that CAW lower the reservoir during the summer months to temporarily 
reduce the risk to downstream properties and persons from a dam failure during this time.  This 
situation jeopardized continuous operation of the water intake system at the Facility, because fine-
grained sediment could enter the intake and damages pump seals, thereby increasing the risk of 
catastrophic pump failure.  The process of drawing down the reservoir also increases water 
temperatures, algal flocculants, fine sediment load, and turbidity in the waters feeding the 
Facility’s intake.  The SCD Removal and Carmel River Reroute project begun in 2013, and was 
completed in 2015.   
 
5.11 Indicate Available Back-Up Systems, and Risk Aversion Measures that Will be 
Applied, that Minimize the Likelihood for the Take of Listed Natural Fish that May Result 
from Equipment Failure, Water Loss, Flooding, Disease Transmission, or Other Events that 
Could Lead to Injury or Mortality: 
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Since 1999, the District has implemented the following risk aversion measures to reduce risk of 
catastrophic losses at the Facility including: 

o Quarantine system for treating incoming rescued fish (1999). 
o Permanent bird netting exclusion rearing channel and tanks (2000).  
o Cooling Tower to reduce water temperature and aerate the water supply (2000). 
o Installation of the RACO automatic alarm system to provide remote monitoring of key 

equipment (2001). 
o Installation of larger, improved emergency standby backup generator (2000) 
o Interim sediment retrofit project with improved seals for water pumps, a sand-sediment 

separator and a new backup river pump (2003). 
o Installation of weir plates in the rearing channel to help prevent and delay dewatering of 

the channel, and improve size segregation of fish to reduce intra-specific competition and 
predation (2005). 

o Addition of re-circulating canister and biological filtration system to Rearing Tank #3, to 
run it in isolation from the river on an ongoing basis, if needed during turbid winter flows 
(2008). 

o Addition of re-circulating canister and biological filtration system, and cooling coils to 
Rearing Troughs #1-8, to enhance fry survival, and run in isolation from the river for short 
periods of time, if needed during turbid winter flows (2009). 

o Developed intake retrofit design and upgrade for summer 2018, to allow the Facility to 
operate through sediment pulses inherent in initial winter flows and to protect the intake 
pumps from increases in coarse sediment and suspended bed load that did occur with the 
removal of SCD by in Fall 2015.  
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6 FISH RESCUE, CAPTURE, AND TRANSPORT PROTOCOL 

6.1 Life-History Stage to be Rescued (Young-of-the-Year, Yearlings, Smolts and Adults): 

Experience during the last 24 years of fish rescues shows that four life-history phases of steelhead 
are likely in need of rescue due to drying of the river caused by excessive diversions of surface 
and subsurface water in the lower Carmel River.  The predominate phase is young-of-the-year, 
which are born in the vicinity of the drying sections of river or passively migrate downstream in 
conjunction with natural pattern of dispersal from spawning areas upstream.  This group represents 
92% of the total numbers of fish rescued and is found throughout the reaches that dry up during 
the late spring and summer months (Table 6-1).  Yearlings are second in abundance representing 
about 6% of the fish, followed by smolts at 2% and adults at 0.3%. 
 

Table 6-1 Number of Steelhead Rescued from the Carmel River 
by Age Group, Rescue Years 1989-2012 1 

 
Age Group Totals by Age 

Group 
Percentage by Age Group 

Young-of-the-Year 2 351,012 91.64% 
Juveniles 21,091 5.51% 
Smolts 7,759 2.03% 
Adults 108 0.03% 
Mortalities 3,076 0.80% 
Totals 383,046  

 
1 Based on MPWMD database for fish rescues, 1989-2012 and trap data for 2007 
2 This group includes small numbers of juveniles and unspecified age juveniles 

 
6.2 Training:   

Field supervisors have formal training in electro-fishing.  Crew members are given appropriate 
training annually in electro-fishing techniques by the field supervisor.  Training topics will include 
safety training, electrical field theory and effects on fish, proper use of electro-fishing equipment, 
fish injury awareness and minimization.  The District’s Senior Fisheries Biologist completed a 
formal course from the Northwest Environmental Training Center in 2009.  One of the Associate 
Fisheries Biologists completed formal electro-fishing coursework from Humboldt State 
University’s Fisheries program, and took an on-line refresher from the USFWS in 2010.  Both 
have received previous formal training on multiple occasions over the years from the CDFW.  The 
second Associate Fisheries Biologist was trained on the job in 1991 by the prior supervisor, has 
17 years of electro-fishing experience, and also completed a formal course from the Northwest 
Environmental Training Center in 2011.  All crew members are required to sign an 
acknowledgment of electro-fishing orientation which will be kept on file at the District office 
(Appendix 6-A). 
 
6.3 Permits: 

A five-year letter of permission will be obtained from the CDFW to run concurrently with the ESA 
Section 10 Permit, prior to any rescue activities within the Carmel River.  A copy of the letter of 
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permission will be kept in the fish transport vehicle at all times during the rescue season for 
inspection by any agent of the State or Federal government. 
 
6.4 Personnel and Qualifications:  

Resumes of all three fish rescue crew leaders are provided as part of the ESA Section 10 
application on the Federal APPS web site.  Only qualified fisheries biologists with at least 1,000 
hours of electrofishing crew experience and NMFS-approved backpack electrofishing training or 
equivalent training leading to certification in the theory and practice of electrofishing fundamentals 
are allowed to serve as rescue crew leaders. 

 
6.5 Volunteer Program:  

The District may develop a formal volunteer program in 2018 to allow the public to participate in 
fish rescues.  The program will be primarily modeled after those of the CDFW (Lt. J. Nicholas, 
pers. comm.), and secondarily the California State Department of Parks and Recreation (CDPR 
2012).  CDFW’s Natural Resources Volunteer Program appears to be the most applicable to the 
District’s needs, and was itself predominantly derived from programs exiting within the agencies 
of the U.S. Department of Interior, specifically the U.S. Forest Service (USFS 2009a & 2009b) 
and the U.S. Fish and Wildlife Service (USFWS 1999). 
 
Utilizing volunteers has both benefits and drawbacks for any government agency.  If they are 
skilled, enthusiastic and reliable, they can cost-effectively augment the District’s Fish Rescue 
Crews by: a) up to two volunteers per day on a weekday, or b) as many as six volunteers on 
weekends, in years when those extra days need to be scheduled.  However, volunteers also pose a 
significant liability risk to an agency, so: a) must be reviewed before being accepted to be sure 
they are “fit for duty”; b) given proper individually documented training in safety procedures to 
comply with Cal-OSHA, then outfitted with appropriate field and safety gear, before being 
deployed; c) correctly and sufficiently trained in fish identification and handling procedures, 
before becoming a qualified crew member; and d) supervised in the field by a NMFS and CDFW 
approved ‘Qualified Biologist’ at all times, as required by District, State, and Federal agency 
policies. Volunteers will not operate the electrofisher. Fish rescue work is not without ongoing 
hazards, due to unimproved access to the river, the general nature of biological fieldwork, and 
work in proximity to the electrical field of a backpack electro-shocker.   
 
If the District chooses to implement this program, an advertised call for volunteers will be made 
pre-season, and those willing to respond with a minimum commitment of at least 4 scheduled days 
per month for the duration of the Fish Rescue Season [3-5 months = 12-20 days = 96-200+ hours], 
will be interviewed for suitability and capacity for the work, which may include a “Fitness for 
Duty” medical evaluation by a doctor at District expense.  Due to the legal and liability constraints 
the use of volunteers poses for any agency, the District cannot accept random volunteers on any 
given workday, and must instead attempt develop a cadre of reliable, trained, capable and fit 
volunteers.  The District also can only accept adult volunteers over the age of 18, who can legally 
sign an informed consent waiver.     
 
6.6 Starting Date of Fish Rescues in the Carmel River:   

Fish rescues begin when the Carmel River flow is projected to be on a continuous recession that 
will take flows in the lower river to zero.  Rescues are initiated when necessary, after flows decline 
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below 8 cubic feet per second (cfs) at the District’s Highway 1 Bridge Gaging Station.  At this 
flow level, juvenile passage in the lower nine miles of river is severely impaired, predominantly 
impeding the ability of any juvenile steelhead to naturally relocate upstream of their own volition.  
At these flows the cobble and gravel in riffles may become exposed, creating highly braided, 
shallow flow (<3”) throughout most riffles.  Under most circumstances, the 8 cfs trigger for the 
start of fish rescues provides adequate time for conducting rescues in an orderly fashion from 
downstream to upstream; allowing for two to four rescue passes through each reach, as it dries 
back.  Once river flows are on a clear declining trend past the 8 cfs trigger, our 25 years of 
experience have shown that the river has continued to dry back for three or more miles in all but 
one year (2011).  Exceptions to this rescue trigger may occur during critically-dry water years 
when flows decline rapidly during the late spring.  In these situations, the District initiates early 
rescues by installing and operating a fish trap as described Section 6.7.3 below. 
 
6.7 Capture Methods and Techniques: 

Fish will be captured primarily by seining, but also by backpack electro-fishing and fyke trapping, 
according to the following guidelines:   
 
6.7.1 Electrofishing 

Electrofishing units will be tested and recalibrated at least every other year, and then overhauled 
if necessary, which is the interval specified by the manufacturer.  Records of those calibrations 
and overhauls will be maintained for five years, for possible inspection by CDFW or NMFS.  The 
District has a second backpack electrofishing machine as a backup unit.  
 
The District follows electrofishing protocol recommended by NMFS, 2000.  Electrofishing 
sessions will begin with all settings (voltage, pulse width, and pulse rate) at the minimums needed 
to capture fish. Settings will be increased as needed in the field only to the point where fish are 
immobilized and captured.  Block nets will be placed below the area being rescued whenever it 
will significantly enhance capture efficiency.  
 
6.7.2 Seining Activities and Combination Electrofishing-Seining 

Seines with ¼-inch stretch mesh will be used in deep run and pool habitat units when water quality 
permits.  Seines will not be pulled through pools with large amounts of algae or when there is 
concern for water-quality degradation caused by the seining event. Seines will be checked for holes 
and fixed accordingly. 
 
Whenever possible, crews will use a combination of small-mesh seines with electrofishing 
machines to capture as many steelhead as possible by first seining alone, and then if necessary 
herding the fish with the electrofishing machine into seines stationed at the bottom of riffles or at 
the top or bottom of pools.  This technique should reduce exposure of fish to the strongest portion 
of the electric field and minimize the risk of electro-induced injuries. 
 
6.7.3 Fish Traps 

Infrequently, during extended drought periods or very early season dry back, (when flow over the 
riffles downstream of RM 9.1 have less than 6” of flow over them) all steelhead attempting to 
emigrate downstream in the drying reaches of the lower Carmel River will be captured, sorted into 
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adults, smolts and non-smolts with each group transported separately downstream or back 
upstream into permanent habitat (YOY).  To capture these emigrants the District uses a trap 
comprised of an algae/debris filter (passes fish, yet screens out filamentous algae), followed by a 
large funnel-shaped fence across the river channel, ending in a fyke-frame/net that leads to a 10-
inch diameter 20-foot  long flexible pipe.  The pipe discharges fish and a small flow of filtered 
water into a 4x4x2.5-foot live box (Figure 6-1).  It is infeasible to block the full width of the river 
and run this trap at flows much in excess of 25 cfs, as measured at the District’s Don Juan Bridge 
Gage (RM 10.78) at the lower end of Garland Ranch Regional Park.  Since 2005, the ability to 
install the trap at these flows has only preceded the date where the trigger to begin rescues [8-10 
cfs at the District’s Highway 1 Gage] was met by a range of 4 – 13 days, and an average of 8 days.  
As such, it is not cost effective to run this trap on an annual basis on the assumption that it will 
preclude the need for rescuing a significant fraction of steelhead.  The trap is run when its operation 
may effectively target significant numbers of pre-smolts/smolts, if the river begins to dry up in 
April or early May, during the end of the normal smolt migration season.  In 2007, the trap only 
captured a total of 264 smolt-sized fish, and 94% of these were captured before May 14th, 2007.  
In 1994, 3,057 smolts were trapped in April, but only 188 in May.  Thus the natural timing of peak 
smolt emigration and our experience indicate this trap is only operated optimally during the months 
of April and may for the primary purpose of pre-smolt/smolt rescue/transport to the lagoon and 
ocean, respectively.  When the trap is operated, data is compiled in the Districts Annual 
Mitiagation Report.    
 

Figure 6-1  
Funnel Box Trap 

 
 
 
6.7.4 Criteria to Stop Fish Rescues  

By the nature of this being a low-flow, late-spring/summer fish-rescue program, water 
temperature, dissolved oxygen, and conductivity on many days and during part of most days, may 
be above optimal conditions for handling fish.  If a maximum optimal fish-handling temperature 
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of ~65˚ F/ 18˚ C and 7 mg/L of dissolved oxygen were implemented, a large fraction of the rescues 
would never be conducted at all.  There are three primary reasons to cease or not initiate fish 
rescues within a particular river reach:     
 
A) Chronically Poor Water Quality:  Oftentimes, at the end of the rescue season or during the 
last pass through a section when the stream is just about to completely dry, water-quality conditions 
become tenuous for survival of the remaining fish, and may have been so for quite a while. 
 
Typically, this occurs when several days have passed without surface water inflow to pools and 
fish are crowded into small isolated pockets.  In these conditions, fish sometimes contract diseases, 
exhibit unusual body coloration and behavior (e.g., lethargy during capture), and generally may 
appear in poor health.  They can also undergo immediate disease outbreaks upon arrival in the 
SHSRF, drastically reducing their net survival, and competing for space with otherwise healthy 
fish from other river reaches that need to go through the initial stages of prophylactic treatment for 
epizootic parasites and bacteria, before being added to the rearing channel. 
 
B) Conditions Hazardous to Human Health:  Every few years the crew will encounter a stretch 
of the river where non-point source run-off, septic-tank seepage, or an illegal dumping incident 
make it unwise to risk further water contact.  
 
C) Fish Subjected to Numerous Repetitive Rescue Efforts:  Sometimes when the river dries 
back slowly and daily fish rescue counts within a reach do not drop off rapidly with each pass, 
there comes a point after three to four passes through the same reach, under degrading flow and 
water-quality conditions, where it is likely the remaining fish have been chronically or even 
terminally stressed to the point where rescuing them will do no net good.  
 
It is our experience that sometimes fish from these conditions suffer immediate die-offs when 
brought to the SHSRF for rearing.  It is also a concern that relocating these fish to perennial habitats 
upstream may result in very poor net survival, and could even enhance disease outbreaks among 
healthy fish in the release area.  Without doing a necropsy and microscopic inspection of a 
representative subsample of these fish in the field before rescuing them, one cannot be sure whether 
doing so is the best option.  Thus, the qualified Aquatic Biologist, acting as field crew supervisor, 
will make a judgment call to cease rescues and move on.  Under each of these three field situations, 
District staff foregoes conducting rescues and moves on to habitats upstream. 
 
6.8 Transport:  

The District uses dark colored 5-gallon buckets to transport rescued fish from the rescue sites to 
the transport vehicle.  The buckets are outfitted with battery operated aerators.  River water is used 
in the buckets whenever river water temperature and quality are adequate.  When river water is too 
warm, the water in the truck transport tank is used.  The number of fish allowed in the bucket will 
depend on size of fish captured (Table 6-2).  At least one crew member monitors fish health within 
the transport buckets at all times, keeping a watchful eye out for unusual behavior such as rapid 
breathing or swimming near the top of the bucket.  In addition, rescuers add small leafed branches 
from local alders and willows to float on the surface of each bucket to discourage fish from leaping 
out and provide calming cover during transport.  Fish are never held in the buckets for more than 
an hour, usually less than half an hour, and each bucket is then transported to the truck as soon as 
loading densities have been reached (Table 6-2).    
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The truck transport tank has a total volume of 250 gallons (Figure 6-2). The tank is segregated 
into two insulated 125-gallon compartments.  Each compartment is aerated using a 10-amp vertical 
pump aerator.  Each compartment has a compressed oxygen backup to supplement aeration or in 
case the aerators fail.  Water for the transport tank is typically obtained from the Carmel River at 
the Sleepy Hollow Rearing Facility or Garland Park. The tank water is conditioned with non-
iodized salt (0.3% = 3 ppt salt concentration) and all fish are transported in this solution to reduce 
transport stress.  Guidelines for loading densities in the transport tanks are based on fish size 
(Table 6-2).  
 
When truck transport is unavailable, the District also uses a transport trailer.  The trailer is a single 
compartment 400-gallon tank (Figure 6-3).  The tank is aerated using two 10-amp, 12-volt vertical 
pump aerators with compressed oxygen backup.  Water for the trailer is typically obtained from 
the Carmel River at the Sleepy Hollow Rearing Facility or Garland Park.  The tank is then treated 
and fish transported in a 0.3% (3 ppt) salt solution in order to reduce the effects of transport stress.  
Loading densities are based on fish size (Table 6-2). 

Table 6-2 
Recommended fish loading densities for transport tanks 

Number of Juvenile Steelhead in 5-, 125-, and 400-gallon Containers, at Loading Densities Ranging from 0.01 to 0.1 Kg/Kg 

NUMBER OF FISH PER CONTAINER 
 5-Gallon Bucket 125-Gallon Tank 400-Gallon Tank 

Forklength 
(mm) 

Forklength 
(in) 

Weight 
(gm) 

Loading 
Density 
0.01 

Loading 
Density 
0.05 

Loading 
Density 
0.1 

Loading 
Density 
0.01 

Loading 
Density 
0.05 

Loading 
Density 
0.1 

Loading 
Density 
0.01 

Loading 
Density 
0.05 

Loading 
Density 
0.1 

50 2 1.4 99 493 987 3,084 15,418 30,838 9,869 49,337 98,675 

55 2.2 1.8 74 369 737 2,304 11,517 23,037 7,372 36,856 73,713 

60 2.4 2.4 56 282 565 1,765 8,825 17,652 5,649 28,241 56,482 

65 2.6 3.1 44 221 442 1,382 6,908 13,817 4,422 22,106 44,212 

70 2.8 3.9 35 176 352 1,101 5,506 11,014 3,525 17,621 35,242 

75 3 4.8 28 143 285 892 4,458 8,918 2,854 14,267 28,534 

80 3.1 5.8 23 117 234 732 3,659 7,320 2,342 11,710 23,421 

85 3.3 7 19 97 195 608 3,040 6,080 1,946 9,727 19,455 

90 3.5 8.3 16 82 163 510 2,552 5,105 1,634 8,167 16,333 

95 3.7 9.8 14 69 138 433 2,163 4,326 1,384 6,921 13,843 

100 3.9 11.5 12 59 118 370 1,849 3,698 1,183 5,916 11,832 

105 4.1 13.4 10 51 102 318 1,592 3,185 1,019 5,095 10,191 

110 4.3 15.4 9 44 88 276 1,381 2,762 884 4,419 8,839 

115 4.5 17.7 8 39 77 241 1,205 2,411 772 3,857 7,715 

120 4.7 20.1 7 34 68 212 1,058 2,117 677 3,386 6,773 

125 4.9 22.8 6 30 60 187 934 1,868 598 2,989 5,977 

130 5.1 25.7 5 27 53 166 828 1,657 530 2,651 5,301 

135 5.3 28.8 5 24 47 148 738 1,476 472 2,362 4,723 
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Table 6-2 
Recommended fish loading densities for transport tanks 

Number of Juvenile Steelhead in 5-, 125-, and 400-gallon Containers, at Loading Densities Ranging from 0.01 to 0.1 Kg/Kg 

NUMBER OF FISH PER CONTAINER 

 5-Gallon Bucket 125-Gallon Tank 400-Gallon Tank 

Forklength 
(mm) 

Forklength 
(in) 

Weight 
(gm) 

Loading 
Density 

0.01 

Loading 
Density 

0.05 

Loading 
Density 

0.1 

Loading 
Density 

0.01 

Loading 
Density 

0.05 

Loading 
Density 

0.1 

Loading 
Density 

0.01 

Loading 
Density 

0.05 

Loading 
Density 

0.1 
140 5.5 32.2 4 21 42 132 660 1,321 423 2,113 4,226 

145 5.7 35.9 4 19 38 119 593 1,186 380 1,898 3,796 

150 5.9 39.8 3 17 34 107 535 1,069 342 1,711 3,421 

155 6.1 44 3 15 31 97 484 967 310 1,547 3,095 

160 6.3 48.5 3 14 28 88 439 878 281 1,404 2,808 

165 6.5 53.3 3 13 26 80 399 799 256 1,278 2,556 

170 6.7 58.4 2 12 23 73 364 729 233 1,166 2,333 

175 6.9 63.8 2 11 21 67 334 667 214 1,067 2,135 

180 7.1 69.5 2 10 20 61 306 612 196 979 1,958 

185 7.3 75.6 2 9 18 56 281 563 180 900 1,801 

190 7.5 82 2 8 17 52 259 519 166 830 1,660 

195 7.7 88.8 2 8 15 48 240 479 153 767 1,533 

200 7.9 96 1 7 14 44 222 443 142 709 1,419 

205 8.1 103.5 1 7 13 41 206 411 132 658 1,315 

210 8.3 111.4 1 6 12 38 191 382 122 611 1,222 

215 8.5 119.8 1 6 11 36 178 355 114 569 1,137 

220 8.7 128.5 1 5 11 33 166 331 106 530 1,060 

225 8.9 137.6 1 5 10 31 155 309 99 495 989 

230 9.1 147.2 1 5 9 29 145 289 93 463 925 

235 9.3 157.2 1 4 9 27 135 271 87 433 866 

240 9.4 167.7 1 4 8 25 127 254 81 406 812 

245 9.6 178.6 1 4 8 24 119 238 76 381 762 

250 9.8 190 1 4 7 22 112 224 72 358 717 

255 10 201.9 1 3 7 21 105 211 67 337 675 

260 10.2 214.2 1 3 6 20 99 199 64 318 636 

265 10.4 227.1 1 3 6 19 94 187 60 300 600 

270 10.6 240.5 1 3 6 18 88 177 57 283 566 

275 10.8 254.3 1 3 5 17 84 167 54 268 535 

280 11 268.8 1 3 5 16 79 158 51 253 507 

285 11.2 283.7 0 2 5 15 75 150 48 240 480 

290 11.4 299.2 0 2 5 14 71 142 46 228 455 

295 11.6 315.3 0 2 4 13 67 135 43 216 432 

300 11.8 331.9 0 2 4 13 64 128 41 205 410 
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Figure 6-2 
Transport Tanks/Truck 

 
 
 

Figure 6-3  
Tank/Trailer Transport 
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6.9 Transfer from Transport Vehicle to Sleepy Hollow Rearing Facility Quarantine Tanks: 

Fish are transported from the field to the SHSRF whenever possible, rather than being released to 
perennial habitat upriver.  Fish are then dip-netted out of the transport tank, graded into three to five 
size classes and put into the appropriate quarantine tanks.  
 
6.10 Transfer from Transport Vehicle to Upstream Locations on the Carmel River: 

When the Sleepy Hollow Rearing Facility is not operating or is fully stocked, and when surplus 
perennial habitat is available, fish are released in areas upstream of the Narrows.  Prior to 
transplanting any fish into upstream reaches, reconnaissance surveys are conducted to find the best 
possible locations with the least amount of disturbance to the local population of juvenile steelhead, 
and releases are made only into areas which likely have unused carrying capacity, based on 
population surveys from the prior fall.   
 
6.11 Red-Legged Frog Encounters: 

District biologists are deemed ‘qualified biologists’ by the USFWS to identify California red-legged 
frogs (RLF) and their habitats, in order to avoid impacts and incidental take.  District staff 
approaches potential RLF habitats with diligent caution, and carefully nets or electro-fishes in any 
locations with frog habitat or where frogs were observed in previous years.  In 1997, the District 
reported all historic sightings of RLF at numerous locations throughout the lower river to the United 
States Fish and Wildlife Service (USFWS).  Based on this experience and follow-up consultation 
with USFWS, the District adopted a revised protocol for conducting rescues in the lower river 
(Table 6-3).  Whenever adult or RLF tadpoles are seen as a result of netting or electrofishing, staff 
ceases sampling within the immediate vicinity of adults or tadpoles and moves upstream to a point 
where the effective range of the electrofisher is well outside the sensitive range of the adults or 
tadpoles.  The location is noted, so that on any further rescue passes, no netting or electrofishing is 
attempted in the immediate vicinity of the original sighting.  As a follow-up, the District 
immediately reports the sightings the day they were observed to a USFWS-qualified biologist 
(currently Dawn Reis of Ecological Studies) who holds or is named on a valid ESA Recovery Permit 
and State Scientific Collecting Permit to handle red-legged frogs, and has been hired by CAW to 
rescue the frogs.   
 
The District is not required by the USFWS to have a Section 10 Permit for encountering red-legged 
frogs (RLF) during our steelhead rescues (Chad Mitcham, USFWS, pers. comm.), as we conduct 
thorough pre-project surveys in order to avoid take of the species. District biologists that conduct 
pre-project surveys are deemed ‘qualified biologists’ by the USFWS, as we have had formal training 
in RLF biology, identification, and handling, and ten or more years of experience encountering RLF 
in the field.  In most years our rescues start after RLF eggs have hatched, and whenever we encounter 
or observe RLF eggs or juveniles we cease rescues in that area and call Cal-Am’s consultant Dawn 
Reis.  Ms. Reis is Federal and State authorized to rescue and relocate RLF annually in the Carmel 
River Watershed under a Federal ESA recovery permit (TE-057714) and her State Scientific 
Collecting Permit.  We do not return to continue rescues in the vicinity until she has informed us 
that all RLF have been removed.  Ms. Reis informs us of her re-release locations above RM 9, and 
we do not conduct rescues in those areas, even if there may be steelhead present.  As a result of 
these procedures, we are not required by the USFWS to have an Incidental Take Statement for our 
fish rescues. 
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Table 6-3 
MPWMD Protocol for Minimizing Impacts of Steelhead Rescues on Red-legged Frogs 

 
 
6.12 Data Collection:   

Data collection in the field consists of enumeration of the fish and initial mortalities due to rescue 
activities.  Water temperature and dissolved oxygen are measured in the morning and afternoon as 
well as in the transport tanks.  Locations of rescued fish are also documented.  Red- legged frog 
locations and life history are documented.  Any special concerns, field observations or comments 
are noted. 
 
6.13 Proposed Number to be Rescued and Captured:  

Based on the previous 17 years of rescues (1996 through 2012), the District anticipates needing to 
rescue a maximum of  approximately 108,419 fish during years when the river dries as far upstream 
to Robinson Canyon Road Bridge (RM 8.5), and may also dewater up to 1.5 miles in the reach 
between Boronda and Esquiline Roads (RM 12.7-14.5).  This extent of drying occurred in 1997 
and 2007 when 21,000 to 22,000 fish were rescued between Highway One and Robinson Canyon, 
but these totals were during periods when the habitats were not fully seeded with fry. (Table 6-4).   
In years with peak seeding of fry and by the prior year’s juveniles, the District expects to rescue 
as many as 11,700 fish per stream-mile, as occurred in 2008, yielding the maximum number of 
approximately 105,300 juvenile fish. 
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Table 6-4 
Number of steelhead rescued from the Carmel River, 1994-2012  

Year  YOY Yearlings Smolts Adults Total 
1994 4,633 4,023 5,262 45 13,963 
1995 7,524 977 0 0 8,501 
1996 7,616 302 0 3 7,921 
1997 18,812 239 749 11 19,811 
1998 3,143 55 0 0 3,198 
1999 11,991 177 0 1 12,169 
2000 7,536 101 0 0 7,637 
2001 38,473 521 0 1 38,995 
2002 41,880 607 29 3 42,519 
2003 50,994 614 33 7 51,648 
2004 24,228 1,132 348 4 25,712 
2005 34,109 1,213 1 0 35,323 
2006 19,119 1,647 0 2 20,768 
2007 17,729 4,380 264 27 22,400 
2008 98,963 159 1 6 99,129 
2009 14,013 859 0 0 14,872 
2010 3,559 299 0 0 3,858 
2011 1,670 81 0 0 1,751 
2012 7,394 765 0 0 8,159 

 
6.13.1 As described in Section 7, the District holds all incoming fish at the Facility in a quarantine 

system for a minimum of 18 hours.  During this time, staff observes the fish and treats them 
with a dilute formalin solution (25-50 ppm as Formalin) for 4-8 hours, and sometimes an 
additional 8-12 hours in a solution of 10 ppm Terramycin-343®, prior to releasing fish into 
the general Facility population.  If smaller numbers of rescued fish are being collected in a 
Quarantine Tank over multiple days in order to have a full lot of fish to treat at once, the 
fish may be pre-treated for about 8 hours in a bath of 7-10 ppt (non-iodized NaCl) to reduce 
stress, and increase surface mucous production. 

6.13.2 As described in Section 8, this RRMP includes a goal of minimizing releases of rescued 
fish into perennial habitats upstream of the drying reaches.  The District continues this 
practice only in situations where no alternative sites are available, or where surplus habitat 
is available due to insufficient seeding of fry. 

 
6.13.3 As described in Section 8, this RRMP includes a protocol for releasing Facility fish back 

into the river.  The goal is to release the larger fish into the lower Carmel River (1) once 
stream flow has returned to the river channel, (2) can be reasonably foreseen to reach the 
Lagoon, and (3) expected to persist through the winter. This measure helps to minimize the 
risk that Facility fish will compete with other juvenile steelhead residing in perennial 
habitats. 
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Appendix 6-A  
Acknowledgment of Electro-fishing Orientation1 

 
 
I have received instruction and orientation about electro-fishing from my employer.  As a result, I understand and 
accept the following conditions 
 

1. Electric fishing (EF) is an inherently hazardous activity in which safety is the primary concern.  The 
electrical energy used in EF is sufficient to cause death by electrocution. 

2. During operations, it is critical to avoid contact with the electrodes and surrounding water.  The EF field is 
most intense near the electrodes and can extend 5-10 meters outward. 

3. The electrodes are energized by the power source, a generator or battery, and controlled by safety switches; 
these switches must remain off until the signal is given to begin EF. 

4. The power source has a main switch that must be turned off immediately if an emergency occurs. 
5. Dry skin and clothing are good protection against electroshock.  The body should be fully clothed during 

EF.  Rubber knee boots are minimal foot protection, as are rubber gloves for the hands.  A personal 
flotation device must be worn when the water is considered swift, cold, or deep.  Ear protection is 
necessary for those working near the generator. 

6. At least two members of the EF crew must have knowledge of CPR and first aid.  Electroshock can cause 
heart fibrillation or respiratory arrest; CPR can cure only the latter.  The EF crew must know the location of 
the nearest defibrillation unit. 

7. A communication system, particularly hand signals, must be available to all members of an EF crew.  
When multiple anodes are used in a portable EF operation, the buddy system must be used.  Above all, 
NEVER OPERATE ALONE. 

8. Stunned fish should be removed from the EF field as soon as possible and not subjected to continuous 
electroshock by being held in the dip net.  Using the anode as a dip net is unhealthy for fish and people and 
should be avoided. 

9. An EF operation should proceed slowly and carefully; avoid chasing fish and other sudden maneuvers.  
Operations should cease during lightning or thunderstorms; use discretion during rain.  Avoid EF too close 
to bystanders and pets or livestock. 

10. All EF crew members must know who their leader is and recognize his or her authority as final in 
operational decisions.  However, every crew member has the right to ask questions or express concern 
about any safety aspect of an EF operation.  A crew member has the right to decline participation in an EF 
operation, without fear of employer recrimination, if he or she feels unsafe in such participation. 

 
 
_________________________________  _______________ 
Signature of employee   Date 
 
I have discussed the above-named conditions with the employee and am satisfied that he or she understands them. 
 
_________________________________ _______________ 
Signature of Supervisor   Date 
 
 
1Adapted from Reynolds, J. 1996. Electrofishing. Pages 221-253 in B. R. Murphy and D. W. Willis, editors. 
Fisheries techniques, 2nd edition.  American Fisheries Society, Bethesda, Maryland.  
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7 REARING OF RESCUED STEELHEAD 

Specify Any Management Goals (e.g., “Egg to Smolt Survival”) that the Facility is 
Currently Operating Under for the Rearing of Rescued Fish in the Appropriate Sections 
Below.  Provide Data on the Success of Meeting the Desired Rearing Goals: 

 
The District operates the Facility with the primary goals of matching or exceeding survival, 
condition and growth rates of other wild fish reared in nearby extant sections of the Carmel River 
and the Lagoon.  It has likely done so in all but two years (i.e., 1999 and 2007) since it began 
operations.  For perspective, Satterthwaite, et al. (2009) estimated for their life history model that 
wild survival for juvenile steelhead in general on the Central California Coast, for periods similar 
to when the District rescues and rears them, was 39.3% for the six months of May–October, and 
29.6% for the eight months of May-December.  Thus both the total cumulative overall and average 
annual survival at the SHSRF already exceeds the only available theoretical in-river survival rates 
available for the SCCC DPS.   
 
The Facility is meant to sustain survival of naturally-born steelhead in the Carmel River that would 
otherwise be completely lost to suffocation or predation, due to water production from a specific 
portion of the Carmel Valley Aquifer.  The legal mandate under CEQA for the facility is to mitigate 
for and prevent the total loss of a specific geographic subset of wild steelhead, and it was never 
designed to be the primary action responsible for the recovery of the whole Carmel River run.  The 
impact area the Facility is mitigating for comprises only 9-26% of the anadromous spawning and 
rearing reaches in the whole watershed, depending on the degree of annual dewatering.  By rearing 
steelhead at the Facility, a normal or enhanced portion of the otherwise “lost” natural steelhead 
will survive and contribute to the watershed’s annual migrations of smolts and returning adults.  
New and ongoing cooperative monitoring identified as part of this RRMP will help to better 
quantify the status of the steelhead population in the Carmel River Watershed, and the Facility’s 
contribution to it.  However, the rearing of fish rescued from a fraction of the watershed cannot 
logically be held accountable for recovery of the whole run, throughout a much larger watershed, 
which is also affected significantly by variable survival in the ocean life stage.  Thus, our 
management goals are focused on metrics directly related to the Facility’s rescued-and-released 
wild steelhead, and those processes and procedures that can logically be required to minimize 
predictable impacts of captive rearing, but not metrics at a watershed level that our actions cannot 
be expected to control or account for.  The District will continue its ongoing efforts to monitor 
total run size and the abundance of redds within the rescue zone as ways of indirectly evaluating 
the impacts and contribution of the SHSRF, and to inform State and Federal resource agencies of 
the status of the Carmel River run of SCCC steelhead. 
 
7.1 Survival Data (Average Program Performance) by Rearing Life Stage (YOY to 

Yearling and Yearling to Smolts) for the Most Recent Fourteen Individual Years of 
Operation in the Seventeen Years Between 1996-2012: 

Table 7-1 summarizes fourteen years of operations at the Facility since construction was 
completed in fall 1996.  Since 1996, a total 204,366 fish were taken into the Facility and 87,299 
were released, yielding an overall combined survival for all 14 years of 43%.  Mean annual survival 
averaged 53% and ranged from 14% in 1999 to 86% in 2010.44 

44 Survival in 1996 represents the first test of the facility during only the cooler, late portion of the 
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Table 7-1: Sleepy Hollow Steelhead Rearing Facility: Operation and Fish Rearing 
Summary 1996-2012 

Year Dates of Operation Dates in 
Operation 

Number of 
Fish 

Stocked 

Number of 
Mortalities 

Total 
Number of 

Fish 
Released 

Percent 
Survival 

 Begin End   Known Unknown   
1996 4-Sep-96 19-Dec-96 106 525 86 30 409 78 
1997 27-May-96 10-Dec-97 197 4531 1394 355 2782 61 
1998 Non-Op45 Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op 
1999 7-Jul-99 10-Feb-00 218 11889 598 9671 1620 14 
2000 Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op 
2001 29-Jun-01 8-Feb-02 224 20662 1633 11994 7035 34 
2002 Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op Non-Op 
2003 18-Jul-03 31-Dec-03 166 28336 7172 8429 12735 45 
2004 11-May-04 13-Dec-04 216 16249 831 8524 6894 42 
2005 13-Jul-05 6-Mar-06 236 24457 6180 4366 13911 57 
2006 17-Jul-06 7-Feb-07 205 16418 5901 3325 7192 44 
2007 14-May-07 8-Jan-08 239 10864 6557 1509 2780 26 
2008 14-May-08 20-Feb-09 282 46635 9234 22680 14721 32 
2009 22-Jun-09 5-Nov-09 136 12759 1799 2158 8802 69 
2010 2-Aug-10 5-Nov-10 96 1957 107 166 1684 86 
2011 19-Aug-11 7-Nov-11 81 1685 186 106 1393 83 
2012 15-Jun-12 8-Nov-12 147 7417 1529 547 5341 72 

Total 204384 43207 73860 87299  

Average 14599 3086 5276 6236 53 
 
Annual survival rates have continued to trend upwards as facility upgrades and new rearing 
protocols have been implemented.  Many improvements were added in the 2000’s: bird netting 
over the rearing channel, new cooling tower, improved pumps, separator weirs in the channel for 
improved fish grading and water retention, and new salt treatments for the control of disease 
outbreaks.  Years with long heat spells, high water temperatures, or below average water years, 
when we rescue large numbers of small fry, have had lower survival rates.  Quinn 2011 (Table 15-
1) summarized 215 sources to estimate average steelhead fry-to-smolt survival as only 13.5%, far 
worse than our average overall juvenile survival or the survival in any single year except 
1999.  Survival of fry to juvenile life stages will be separately reported under the future ESA 
Section 10(a)(1)(A) Permit, so as to better allow separate evaluation of consistently lower Fry-to-
Juvenile survival rates versus commonly much high juvenile-to-pre-smolt or yearleing-to-2-year-
old+ survival.   
 
7.2 Density and Loading Criteria (Goals and Actual Levels):  

rearing season, thus not representative of full rearing season.  Facility not operational in 1998, 
2000, 2002, 2014, or 2015.  
45 Indicates that the Facility was non-operational for that year 
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The following sections review the goals for density and loading criteria using three approaches: 
recommended levels based on numbers of rescued fish, criteria for rearing capacity specific to the 
Facility, and past experience in stocking fish at the Facility.  While the three approaches show that 
approximately 25,000 to 1,000,000 juvenile steelhead could be stocked into the Facility, depending 
on the mix of ages and size classes, practical experience and other factors suggest it should not be 
over 47,000 fish. 
 
7.2.1 Density and Loading Criteria Based on Numbers of Rescued Fish: 

Originally, the Facility was designed to hold and rear a maximum of 64,000 wild YOY and juvenile 
steelhead to an average weight of 13 grams through October 15 of each year.46  Based on 
experience during the past fourteen years of operation and the maximum numbers of rescued 
steelhead, this RRMP anticipates downsizing the initial stocking to approximately 46,602 fish, 
including 11,821 approximately fry-fingerlings, 27,582 fingerlings, and 7,189 yearlings.47   
 
These levels are based on anticipated maximum numbers of fish rescued and the protocols 
described in Sections 6 and 8 (Appendices 6-E and 8-A provide details on the origin of fish 
transplant locations, and release sites).  If continuing rearing experimentation described in Section 
10 indicates that a larger number of fish can be successfully reared without significantly depressing 
survival rates, due to intraspecific predation, among other factors, then this rearing target will be 
revised upwards with the concurrence of NMFS and CDFW. 
 
7.2.2 Criteria Based on Rearing Capacity:  

Guidelines recommended for rearing salmonids can be used to estimate maximum rearing capacity 
according to physical rearing space and water inflow rates (Piper, et al 1982). 
 
Physical Space – Overall, the volume of rearing space in the Facility equals 13,795 cubic feet cubic 
feet (CF) that can accommodate a maximum weight of 9,500 to 48,880 pounds (lb) of biomass and 
318,000 to 9.5 million juvenile steelhead, depending on their size (Appendix 7-A).  These 
maximums are judged to be well above recommended stocking densities for rescued wild fish 
because the original guidelines were developed for domesticated hatchery rainbow trout which are 

46 Original number from MPWMD (1990), based on the following assumptions: 1) 11.4 miles of 
stream dries up including 1.8 miles in the reach between Garland Park and Robles del Rio and 9.6 
miles between the Highway One Bridge and Garland Park; and 2) rearing capacity of lost habitat 
would have equaled population density of 1.07 fish per lineal foot of stream times length of dried 
stream (1.07 x 11.4 x 5,280 = 64,400).  Population density based on measurements of rearing 
habitat in reach between RM 9.6 and RM 10.6 from Dettman and Kelley (1986), Table IV-13, 
page 81. 
47 For this RRMP, downsizing of stocking capacity is appropriate due to the following: a) reduction 
in CAW water production from 14,109 AF/yr to 8,310 in the Carmel River Basin by Water Year 
2017, per SWRCB WR Order 95-10, 2009-0060, and 2016-0016; b) significant reduction in CAW 
production from the Carmel Valley Aquifer Subunits No. 1 and 2, per SWRCB WR Orders 95-10, 
2002-002, and 2009-0060; changes to CAW well operations maximizing production from the 
lowermost well first to meet demand and sequentially adding production from wells upstream.  
These physical changes have reduced, and in biennial steps will continue to reduce the amount of 
stream that annually dries up and the number of steelhead at risk.   
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probably less territorial and exhibit less agonistic behavior compared to wild fish.  In the Carmel 
River, the highest natural population density recorded in the last 17 years of monitoring was 0.0055 
lb/CF, or about 1/100th the Density Indices used for the typical hatchery guidelines.  Flagg and 
Nash (1999) reviewed guidelines for conservation hatcheries and recommended that the maximum 
density index range from 0.15 to 0.50 lb/CF for chinook and coho salmon, based on work by Banks 
(1994) and Ewing and Ewing (1995).  These densities are still well above the natural density of 
steelhead populations.  Given these differences, a reasonable adjustment to the hatchery guidelines 
is to use 1/10th the level of stocking at the Facility, or approximately 0.05 lb/CF.  This adjustment 
accounts for the increased space that may be needed for wild fish and for the probable lowering of 
space requirements because the fish are artificially fed.  With this adjustment, there is enough 
space to accommodate approximately 1,000 to 5,000 pounds of biomass and 32,000 to 1 million 
fish, depending on size (Appendix 7-A and 7-B). 
 
Water Inflow Rates – Ultimately, rearing capacity is limited by the available supply of water, 
which must be high enough to provide an adequate supply of oxygen and remove waste products, 
without the buildup of metabolic byproducts.48  Piper, et al (1982) developed empirical guidelines 
for determining inflow rates for a given biomass of fish, or maximum biomass for a given flow 
rate, based on fish size, water temperature and a Flow Index expressed in pounds of 
biomass/gallons-per-minute (GPM).  For the Facility, inflow is set at one of two levels, depending 
on whether the cooling tower (CT) is operational.  With the CT in operation, the nominal inflow 
to the Facility is 780 GPM; without it, the inflow equals 900 GPM.  Based on these inflow rates 
and temperature of 64° F, the Facility can support total biomass ranging from 1,426 to 6,300 
pounds at 900 GPM and 1,236 to 5,460 pounds at 780 GPM (Appendix 7-B).  The weight capacity 
range is highly dependent on fish size with the smallest fish requiring the lowest biomass.49  At a 
flow rate of 780 GPM and typical smolt sizes of 160 mm, the maximum capacity is 5,460 pounds 
or approximately 51,100 fish, while at the typical YOY size of 104 mm, the maximum capacity is 
3,673 pounds or approximately 128,546 fish.  Thus, although the weight capacity for large fish is 
more than for small fish, the number of small fish that can be supported is by a given inflow is 
higher.  The guidelines in Appendix 7-B assume constant water temperatures less than 64° F and 
ideal water quality, so for the Facility where water temperature ranges above 64° F, is it reasonable 
to reduce the recommended capacities to reduce the risk of exposing too many fish to suboptimal 
conditions and further reducing water quality.  For this RRMP, it is anticipated that the capacities 
will be reduced by 50% to account for higher temperatures and suspended sediment.  Thus, the 
goal for the maximum number of fish is reduced to 25,500 for smolt-sized fish or 64,300 for YOY 
fish.  These goals are well above the anticipated or historic average number of rescued fish, thus 
indicating that the Facility’s maximum capacity is sufficient for most years.  The SHSRF’s 
capacity to rear fish was only exceeded in 2008, one year in 14, or 7.1 % of the time it has been 
operated. 
 
Specific Rearing Components – The preceding section outlined maximum rearing capacities for 

48 Under actual operations, the goal is to maintain oxygen levels at or above 90% saturation.  Since 
1996, monitoring in the rearing channel has consistently shown oxygen saturation levels above 
95%.  
49 This somewhat counterintuitive axiom of fish culture is due to the general relationship between 
fish size and metabolic rates with smaller fish having a significantly higher metabolic rate per unit 
body mass.  Simply stated, the metabolic rate of a 180-mm fish is about one-fifth that of a 30-mm 
fish.  
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the overall population of juvenile steelhead in the Facility. A similar approach can be used to 
develop maximum rearing capacities for specific components.  The following sections outline this 
approach for each Facility component based on the Density and Flow Indices described in Piper, 
et al (1982) and Appendices 7-A and 7-C list the corresponding weight and numerical guidelines 
based on rearing space and water inflow rates: 
 

o Tank (T1) -- Tank 1 dimensions are 30 feet diameter x 3.75 feet deep, displacing a water 
volume of 2,650 cubic feet (CF) or 19,800 gallons (G) and a weight equivalent of 162,500 
pounds.50  This tank is large enough to accommodate approximately 4,200 to 202,300 fish 
depending on fish size, but is not slated to be used for normal summer rearing operations 
for juvenile fish at the present time.  Instead, it has always been set aside for backup use 
during the fall-winter release period, or possible use in future efforts to annually 
rehabilitate more than ten adult kelts.  This tank space and it plumbing is currently being 
used for a California Red-Legged Frog rearing, conducted by CAW’s consultants as 
required by the USFWS under the ESA.  The District does not anticipate using this tank 
space much within the foreseeable 5-years covered by this permit.  If necessary in future 
years where the District might need to rescue and rear abnormally large numbers of larger 
juveniles (>150 mm), or rescue and recondition a larger number of kelts than anticipated 
in this first permit period, staff could utilize this space.  Staff  have found that these large 
open tanks are not conducive to rearing the smaller sized fish that make up the majority of 
our rescues, so have not used them for that purpose since 1997. 

 
o Tank (T3) -- Tank 3 dimensions are 22 feet diameter x 3.75 feet deep, yielding a water 

volume of 1,425 CF or 10,663 G, and a weight equivalent of 87,400 pounds.  This tank is 
scheduled for initially holding 3,234 yearling-sized fish at the beginning of the season and 
yielding 3,041 fish at the end of the season with minimum flow rates of 173 to 188 GPM.  
Due to constraints on the drainage system for this tank, the maximum inflow rate is 
currently 100 GPM.  Considering this rate is insufficient to rear the maximum number of 
yearling-sized fish, the tank was retrofitted in Fall 2008 with a recirculating pump, two-
stage filter, and ultraviolet sterilization system to provide sufficient filtering of waste 
products and aeration.  

 
o Quarantine Tanks (QT1 to QT5) -- QT tanks dimensions are 8 feet diameter x 3 feet deep, 

yielding a water volume of 151 CF or 1,130 G, and a weight equivalent of 9,260 pounds.  
Overall, the volume of Quarantine Tanks is 755 CF or 5,650 G, and the weight equivalent 
is 46,300 pounds.  Each QT tank is scheduled to hold up to 500 120-mm YOY at the 
beginning of the season, which could yield a maximum of 300 160-mm yearling sized 
YOY at the end of the season with minimum flow rates of 10 to 20 GPM, if they were used 
to rear fish.  They are normally only used for initial quarantine, or short term rearing of 
larger yearling fish sorted form among the smaller ones during annual fish releases.  They 
can be used for overflow capacity at the end of the rescue season, once quarantines are 
finished.  

 
o Rearing Channel -- The rearing channel is comprised of two basic dimensional units, 

seventeen (17), hexagonal-shaped pools and 600 lineal feet of trapezoidal-shaped 
riffle/runs.  The pool dimensions are 12.8 feet across x approximately 2.6 to 2.9 feet deep, 

50 Weight equivalent based on density of water = 61.32 lb/CF for typical tap water at 60 °F.  
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yielding gross volumes of 368 to 417 CF per pool.  The filters and cobble/gravel fill reduce 
the gross volume from 6,774 CF to a net total volume of 5,125 CF for the seventeen pools.  
The net dimensions of riffle/run sections are 600 feet long x 6 feet wide x approximately 
one foot deep, yielding a volume of 3,600 CF.  Overall, the net volume of the rearing 
channel is 8,725 CF or 65,300 G and the weight equivalent is 535,000 pounds.  With the 
largest rearing space, the rearing channel is scheduled to receive the bulk of the YOY at 
the beginning of the season.  Currently, guidelines call for stocking approximately 23,700 
YOY in the channel, yielding a maximum 13,900 fish including 3,700 at 100 mm, 4,300 at 
137 mm and 5,900 at 160-175 mm with minimum flow rates of 467 to 509 GPM. 

 
o Rearing Troughs -- The rearing trough dimensions are 10 feet long x 2 feet wide x 1.5 feet 

deep, yielding a water volume of  30 CF or 225 gallons and a weight equivalent of 1,840 
pounds.  Overall, the volume of eight rearing troughs is 240 CF or 1,795 G and the weight 
equivalent is 14,725 pounds.  Initially, the troughs are scheduled to hold the smallest 
fry/YOY rescued below RM 3.25, totaling 8,441 fish.  As the smallest YOY grow, they 
will be transferred to the QT or rearing channel, depending on their size, space and flow 
availability; but some of the smallest will be held in the troughs until the end of the season.  
Using this approach, the troughs are scheduled to yield a maximum of 225 fish, including 
60 at average size 170 mm, 90 at 110 mm, and 75 at 104 mm with minimum flow rates of 
4 to 6 GPM. 

 

As recommended by Piper, et al (1982), actual stocking rates based on general guidelines need to 
be modified based on experience.  The experience at the Facility can be used to examine whether 
stocking limits have been exceeded.  If past experience indicated that fewer numbers of fish had 
been produced because too many fish were stocked, this would be good evidence that rearing 
capacity had been exceeded and numbers of stocked fish should be reduced to account for density 
dependent mortality.  Figure 7-1 illustrates the number of fish stocked annually during the first 
ten years of operation versus the number of fish released.  Contrary to a density dependent relation, 
there is positive correlation between numbers stocked and numbers produced, suggesting the limit 
of stocking density may not yet have been reached.    Figure 7-2 also shows predicted numbers of 
fish released based on a two-factor linear regression model with number of fish stocked and 
average daily mortality rate during the rearing season as controlling factors.  Impressively, this 
model accounts for 94% of the variability in actual numbers of fish released.  A three-dimensional 
array of numbers and mortality rates highlights the need to stock as many juveniles as possible 
within the maximum density limits and to minimize the effects of environmental factors that are 
responsible for high mortality rates (Figure 7-2).  
  

7.2.3 Rearing Capacity Based on Experience:  
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Figure 7-1: Correlation Between Number of Steelhead Released and Number Stocked at 
the Facility and Predicted Number Released Based on Numbers Stocked and Instantaneous 

Daily Mortality Rate During Rearing Season 

Steelhead Released vs Number Stocked
and Two-Factor Regression with Mortality Rate, 1996-2009  
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Note: Predicted number of fish based on a multivariate analysis with number of fish stocked and 
daily instantaneous mortality rate as independent variables. 
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Figure 7-2: Numbers of Fish Released as a Function of Numbers Stocked and Daily 
Instantaneous Mortality Rate in the Facility, 1996-2009.  Based on Multiple Linear 

Regression Model 
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However, District staff believe that the Facility may have reached or even exceeded its optimal 
stocking density at approximately 47,000 fish in 2008, based solely on reviewing that year’s 
survival (32%) in comparison to higher values achieved in other year’s with lower stocking 
densities (see Section 1, Table 1-3).  Seven of the other 13 rearing years where fewer fish were 
stocked had better than the long term average annual survival rate of 53%.  Only two of the other 
13 rearing years where fewer fish were stocked had worse average annual survival rates than 2008.  
Thus the qualitative patterns in the annual survival Table 1-3 appear to be at odds with the 
multivariate analyses.   
 
7.3 Fish Rearing Conditions:  

The District uses the following monitoring methods and management procedures to rear rescued 
juvenile steelhead in the Facility: 
 
7.3.1 Facility Environmental Monitoring:  

The District monitors environmental conditions in the rearing channel by continuously measuring 
water temperatures and dissolved oxygen during the rearing season.  These parameters are logged 
into the Mission Communications system and an alarm set point for oxygen is established at 8.9 
mg/L, which is equivalent to 100% saturation 19.5 °C.  Water temperatures and status of Facility 
equipment including the pumps (ON/OFF), flow, river pump gallery water level, cold well 
discharge temperature and cold well water level.  These parameters are continuously monitored, 
logged, and maintained with alarms.  The District includes the Facility in the normal semimonthly 
sampling of water quality in the Carmel River Basin, whenever the Facility is operating.  Table 7-
2 lists data for the periods from 1996 to 2012.  As noted for the Carmel River at the water intake, 
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most water-quality parameters in the Facility are within acceptable limits, but prior to the 
installation of the cooling tower in 2000, water temperatures were well above the optimum range 
for rearing juvenile steelhead and often exceeded 65 °F.  Once the cooling tower came online in 
2000, water temperatures ranged consistently below 65 °F. 
 
Carbon dioxide levels are measured to approximately +/- 10 mg/L accuracy with a Hach Kit using 
relatively simple, eye-dropper based, titration colorimetry.  While the kit is potentially accurate 
+/- 5 mg/L, equal to +/- one drop of test solution, in all practicality differences between technicians 
and samples when judging the subtle color changes of the faint indicator solution make it more 
like +/- 10 mg/L.  Staff have only observed a carbon dioxide reading of 20 mg/L about 7.7% of 
the time over the years the Facility has operated, and only one consecutive set of such 
measurements.  Whenever the semi-weekly carbon dioxide levels match or exceed 20 mg/L (= 
ppm), Staff will monitor them and pH daily until they can be reduced below this level, since 
concentrations above this level become suboptimal for fish rearing. 
 

Table 7-2 
Bi-weekly water quality data collected at Sleepy Hollow Steelhead Rearing Facility, 1996-

2012 

Date Time    
(24 hr) 

Temperature 
(F) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 
(% Sat)1 

Carbon 
Dioxide 
(mg/L) 

pH Conductivity 
(uS/cm) 

Turbidity 
(NTU)2 

9/6/1996 1245 64 10 107% 5 8  
 

10/13/1996 1330 62 9 94% 5 8  none 
10/17/1996 1230 58 9 89% 10 8   

7/1/1997 1235 66 9 98% 5 8 330 none 
7/17/1997 1245 68.5 9 101% 5 8 320 none 
8/1/1997 1305 69 10 113% 5 8 330 none 

8/14/1997 1140 68 9 100% 5 8 340 none 
9/5/1997 1430 64 8 85% 5 7.5 335 none 

10/1/1997 1100 64 9 96% 5 8 360 none 
10/15/1997 1340 60 10 102% 5 7.5 365 none 
10/31/1997 1145 57 10 98% 5 8 405 none 
11/17/1997 1330 55 10 96% 5 8 400 slight 
12/2/1997 1210 50 11 99% 5 8 285 slight 
7/1/1999 1110 69 11 124% 5 8 255 none 

7/17/1999 1445 72 10 117% 5 8 260 none 
8/21/1999 1125 66.5 11 121% 5 8 n/a none 
9/1/1999 1500 69 10 113% 10 8 320 none 

9/30/1999 1400 65 10 108% 10 8 320 none 
10/15/1999 1345 64 10 107% 10 8 349 none 
10/29/1999 1240 59 11 111% 5 8 357 none 
11/16/1999 1100 57 10 98% 10 8 365 none 
11/30/1999 1410 55 12 115% 5 8.5 353 none 
12/20/1999 1450 49 11 98% 10 8 352 none 

1/4/2000 1425 48 13 114% 5 8 376 none 
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Date Time    
(24 hr) 

Temperature 
(F) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 
(% Sat)1 

Carbon 
Dioxide 
(mg/L) 

pH Conductivity 
(uS/cm) 

Turbidity 
(NTU)2 

1/19/2000 1135 54 12 114% 5 8 289 slight 
7/31/2000 1400 72 13 151% 5 8 288 none 
8/22/2000 1030 65 12 129% 5 8 296 none 
8/31/2000 1130 65 10 108% 5 8 296 none 
9/14/2000 1145 65 12 129% 5 8 304 none 
9/28/2000 1115 65 11 119% 5 8 320 none 

10/23/2000 1235 59 11 111% 5 8 319 slight 
cloudy 

11/7/2000 1320 55 11 105% 5 8 296 slight 
cloudy 

8/3/2001 1445 65 9 97% 10 8 226 slight 
8/29/2001 1625 64.5 11 118% 5 8 287 none 
9/15/2001 1210 62.5 10 105% 5 8 297 slight 
10/6/2001 1230 59.5 10 101% 5 8 299 none 

10/23/2001 1600 58 11 109% 5 8 302 none 
11/17/2001 1320 57 11 108% 10 7.5 310 none 

1/11/2002 1615 51 11 100% 5 8 169 none 
1/30/2002 1130 42 11 89% 5 7.5 198 none 
2/11/2002 1455 49 12 106% 5 8 193 none 
2/27/2002 1225 55 12 115% 5 8 198 none 
3/15/2002 1010 52 12 111% 5 7.5 230 none 

7/23/2003 1150 63 9 95% 10 8 290 6.9 
8/6/2003 1455 66 9 98% 20 8 296 5.7 

8/22/2003 1040 62 9 94% 15 8 301 7.8 
9/5/2003 1110 62 10 104% 15 8 314 7.7 

9/19/2003 1100 59 9 91% 20 8 309 16 
10/17/2003 1115 58 10 99% 10 8 340 15 
10/31/2003 1120 55 10 96% 10 8 341 15 
11/10/2003 1100 55 10 96% 10 8 351 19 

5/28/2004 930 60 10 102% 10 8 255 3.6 
6/13/2004 1345 63 11 116% 10 8 257 4.7 
7/3/2004 1300 64 11 117% 5 8 309 6.3 

7/24/2004 1215 66 9 98% 10 8 314 5.2 
8/13/2004 1115 62 10 104% 10 8 324.5 4.1 
8/27/2004 1100 61 9 93% 10 8 316 3.5 
9/14/2004 1100 57 10 98% 10 8 315 2.4 
10/8/2004 1000 56.5 10 98% 10 8 352 2.9 

8/12/2005 1155 63.1 9.51 100% 5 8 299 1.2 
9/21/2005 1115 59.5 9.7 98% 10 8 345 1.9 

10/14/2005 945 56.8 10.15 99% 10 8 348.4 3.5 
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Date Time    
(24 hr) 

Temperature 
(F) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 
(% Sat)1 

Carbon 
Dioxide 
(mg/L) 

pH Conductivity 
(uS/cm) 

Turbidity 
(NTU)2 

12/22/2005 1130 53.6 11.09 104% 5 8 283 2.2 

10/20/2006 1045 56.8 11.28 110% 10 8 355.2 1.6 
11/14/2006 1056 55.4 12.65 122% 10 8 352.4 2.8 
11/28/2006 1028 49.5 14.56 130% 10 7.86 356.4 2.2 
12/20/2006 1207 45.7 n/a n/a 10 8 328 n/a 

1/10/2007 1105 43.8 14.17 117% 10 7.5 318.5 3.8 
6/4/2007 1135 62.6 10 105% 10 8 279.1 0 

7/20/2007 1115 65.7 9.2 100% 15 7.5 352.2 1.6 
8/9/2007 1115 60.3 10.46 107% 15 7.5 350.2 3.4 

8/22/2007 1220 65.7 8.77 95% 15 8 351 1.1 
9/5/2007 1230 64.6 9.45 101% 15 8 350.5 0.65 

9/21/2007 1225 60.1 11.31 115% 10 8 344 0.25 
10/5/2007 1230 57.6 10.34 102% 10 8 341.8 0 

10/26/2007 1030 55.1 10.45 100% 10 7.5 364 0 
11/7/2007 1400 54.7 10.59 101% 15 7.5 369.1 0 

11/30/2007 1330 46.1 11.31 97% 15 7.5 380.3 0 
12/21/2007 1145 45.9 11.42 97% 15 7.5 390.5 0 

5/30/2008 1130 59.7 11.61 118% 10 7.5 271 0 
6/20/2008 1010 64.8 10.28 111% 10 8 314 0 
7/18/2008 1105 60.8 10.69 110% 15 8 313 0.7 
8/8/2008 1055 60.4 9.97 102% 15 8 319 2.5 

8/21/2008 1115 66.9 9.21 101% 20 8 324 2.1 
9/11/2008 1050 62.8 n/a n/a 10 7.5 331 2.7 
9/26/2008 1045 62.6 9.77 103% 20 8 346 3.1 

10/10/2008 1110 55.6 9.49 92% 15 7.5 354 2.5 
10/27/2008 1140 54.9 10.47 100% 15 8 365 3.2 
11/7/2008 1045 54.5 9.46 90% 15 7.5 366 3.5 

11/21/2008 1050 52.5 10 93% 20 7.5 374 3.5 

7/17/2009 1145 65.8 9.43 103% 20 8 281.2 1.6 
7/31/2009 1225 64.4 10.15 109% 15 8 286.3 2.9 
8/14/2009 1215 62.9 9.46 100% 15 8 294.7 2.15 
8/28/2009 1105 62.6 10.35 109% 20 7.5 295.1 3.35 
9/11/2009 955 60.4 10.4 106% 15 8 299.7 3.15 
9/24/2009 1230 63.7 9.44 100% 15 8 301.2 3.5 
10/9/2009 1305 56.3 10.06 98% 20 8 307.1 3.3 

10/30/2009 1130 53.2 11.19 105% 15 7.5 223 1.4 

9/1/2010 1215 62.2 12.38 129% 5 7.5 244.6 0.5 
9/14/2010 1235 59.5 13.7 139% 10 8 235.8 2.8 
9/30/2010 1200 62.8 9.86 104% 15 8 252.6 2.7 
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Date Time    
(24 hr) 

Temperature 
(F) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 
(% Sat)1 

Carbon 
Dioxide 
(mg/L) 

pH Conductivity 
(uS/cm) 

Turbidity 
(NTU)2 

9/9/2011 1130 61 8.8 91% 5 8 235.9 1.7 
9/22/2011 1130 62.2 7.99 83% 10 8 241 2.3 
10/6/2011 1100 59.9 8.85 90% 5 8 240.3 1.6 

10/20/2011 1120 58.8 8.25 83% 10 8 239.9 1.21 

6/5/2012 n/a 59.4 10.66 108% 20 8 181.3 0.3 
6/22/2012 n/a 61.2 10.52 109% 10 8 197.9 0.28 
7/6/2012 1155 61.2 9.02 93% 10 7.5 217.1 1.26 

7/20/2012 1130 62.8 8.93 94% 15 8 229.1 2.44 
8/3/2012 1230 61.5 9.69 100% 5 8 218.8 2.36 

8/24/2012 1230 61 8.05 83% 15 8 220.1 2.97 
9/1/2012 1140 60.8 8.89 91% 15 8 222.5 2.91 

9/15/2012 840 60.1 10.7 109% 15 8 228.6 2.68 
9/28/2012 1130 59.7 9.37 95% 10 8 232.2 2.7 
10/9/2012 1135 57.7 9.31 92% 10 8 234.5 3.07 

10/29/2012 1300 56.5 10.83 106% 10 8 244.1 2.55 
11/16/2012 1130 52.3 13.01 120% 5 8 236.4 3.55 

Minimum  42 8 80% 5 7.5 169 0 
Maximum  72 14.6 151% 20 8.5 405 19 
Average  59.6 10.3 104% 10 7.9 301.4 3.2 

1 Derived values based on water temperature, elevation of the Facility (402 feet) and standard equation for % 
saturation at various elevations, according to: http://waterontheweb.org/under/waterquality/oxygen.html 

2 Data gathered before 2002 was collected using a Secci disk and accounts for the non-numerical representation of 
data for 1996 - 2002. 

 
7.3.2 Management Procedures and Protocol for Rearing Fish: 

Over the last nine rearing seasons, the District received and processed rescued fish in two distinct 
phases, including an initial quarantine period of two to three days and followed by the general 
rearing season lasting up to 200 days.  This RRMP anticipates a continuation of the procedures 
that the District, CDFG, NMFS and others have developed with modifications where appropriate 
to increase survival. The following sections outline the procedures and protocols used during these 
phases: 
 
Quarantine Phase – Typically, fish are brought to the Facility on a daily schedule by District fish 
rescue crews.  Upon arrival, rescue workers transfer the fish from the transport truck or tanks into 
one to three (depending on the number of fish) of the 8-foot insulated quarantine tanks.  Fish may 
be separated by size if there is concern of cannibalism and recounted to verify numbers.  Any fish 
that appear extremely unhealthy or obviously very diseased are culled from the rescue group.  The 
remaining fish are held overnight without food, and treated the next day with an initial dilute 
formalin bath of 15-25 ppm for 6-8 hours, followed if necessary the second day by an 
oxytetracycline bath of similar duration. 
 
General Rearing Season – After treatment the fish are further sorted into approximately five size 
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groups (< 50 mm, 50-100 mm, 100-120 mm, 120-150 mm and >150 mm and transferred into 
rearing components according to the initial stocking guidelines in Appendices 7-A, 7-B, and 7-C: 
 

1. Fish <50 mm – Fry-fingerling sized fish are allocated to Rearing Troughs Nos. 1-
8.  

 
2. Fish 50-100 mm – Fingerling-sized fish are allocated to specific sections of the 

Rearing Channel filling it from an upstream to downstream direction. We’re 
switched to this pattern in 2008 to avoid infecting established fish with the new 
fish’s problems.  

 
3. Fish 100-120 mm – Larger fingerling-sized fish are allocated to sections of the 

rearing channel, downstream of Section 4. 
 

4. Fish 120-150 mm are allocated to specific sections of the rearing channel, upstream 
of Section 4 filling it from the uppermost end first. 

 
5. Fish > 150 mm are allocated to Tank Nos. 1 or 3, if necessary in peak rescue years, 

but most commonly to the top sections of the rearing channel where fish less than 
150 mm have not been stocked. 

 
Daily Checks for Mortality – During the warmer portion of the rearing season (June-September), 
each section of the rearing channel and all other rearing components are checked twice per day for 
dead or moribund fish, which are collected and tallied.  Depending on any research or monitoring 
needs at the time, these fish are held in frozen storage (0°F) for processing or delivery to NMFS 
at the end of the operating season.   
 
7.3.3 Indicate Biweekly or Monthly Fish Growth Information (Average Program 

Performance), Including Length, Weight, and Condition Factor Data Collected 
During Rearing, if Available: 

Currently, the District does not regularly estimate biweekly or monthly fish growth rates, because 
doing so would put undue stress on reared fish when rearing temperatures are high in the first 
approximately 60% of the rearing season, but measures of length and weight and estimates of 
condition factor for samples of fish are collected at the end of the rearing season.  Growth 
information for the fourteen years of operation (1996-2012) and for a pilot project (1994) is 
tabulated in Appendix 7-D.  Table 7-3 summarizes this information for three size groups including 
YOY less than 120 mm long, yearling-sized fish from 120 to 159 mm and smolt-sized fish at least 
160 mm long.  Typically, average lengths of fish at the end of the rearing season range from 85 
mm for YOY to 190 mm for smolt-sized juveniles.  Notably, many of the YOY grow to yearling-
sized fish by the end of the rearing period and are of a sufficient size to grow into smolts following 
their release. During the 1996 to 2012 period, the average size of these yearling-sized fish ranged 
from 133 to 144 mm (Table 7-3).  Weights and condition factors of fish at release indicate that 
fish are generally in good to excellent condition with average condition factors of release groups 
ranging from a low of 0.94 for YOY in 2006 to 1.24 for smolt-sized fish in 2010 (Table 7-3). 
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Table 7-3 

 
  

Year1

Number Length Weight Condition 
Factor

Number Length Weight Condition 
Factor

Number Length Weight Condition 
Factor

Length Weight Condition 
Factor

19 353 569.0 1.24
95 233 130.0 0.95 Wild fish, Carmel River Lagoon
62 168 48.5 1.01 37 137 26.7 1.01 20 108 12.7 1.00 Tank 2; test group

347 181 74.1 1.22 132 140 29.7 1.03 69 103 11.7 1.03 Tank 3, test Group

1997 115 212 61.5 1.13 221 133 23.4 0.98 2,446 80 6.0 1.05 90 9.7 1.05

1999 526 164 49.0 1.06 242 139 29.7 1.08 857 87 7.4 1.06 120 24.2 1.06

2001 734 188 81.9 1.06 1,485 135 26.4 1.05 4,816 87 8.1 1.04 108 19.7 1.05

2003 1,729 184 82.7 1.19 2,707 140 33.9 1.22 8,299 86 8.3 1.17 111 23.8 1.18

2004 1,670 192 96.4 1.16 2,123 142 33.5 1.15 3,101 85 8.4 1.14 129 37.5 1.15

2005 3,714 175 64.5 1.08 4,307 137 28.3 1.07 5,890 100 10.4 0.99 131 30.4 1.04

2006 2,725 177 61.6 1.05 1,498 136 25.6 1.00 2,969 89 8.9 0.94 132 32.4 0.99

2007 1,015 169 53.0 1.03 1,175 140 29.3 1.05 590 105 12.8 1.09 143 34.5 1.05

2008 5,795 177 66.1 1.15 5,704 142 33.5 1.15 3,222 95 11.7 1.23 146 41.6 1.17

2009 5,279 185 79.7 1.22 2,231 144 36.8 1.21 1,153 93 9.4 1.10 162 59.3 1.20

2010 756 209 120.4 1.24 495 139 32.1 1.16 433 103 12.9 1.14 161 66.8 1.19

2011 823 192 91.2 1.19 385 138 30.3 1.12 185 105 13.4 1.15 166 64.0 1.17

2012 1,592 201 109.0 1.09 986 141 30.5 1.03 2,763 92 8.8 1.05 134 42.7 1.06

Releases of Smolt-sized or Juveniles 
Showing Smolt Characteristics2

Releases of Yearling-sized Juvenile 
Steelhead (121-159 mm)3,4

Releases of YOY-sized Juvenile 
Steelhead (<=120 mm)3

Numbers, Mean Length, Mean Weight, and Mean Condition Factors of YOY, Yearling-sized and Smolt-sized Steelhead Released from 
Sleepy Hollow Steelhead Rearing Facility;  1996-2012 Rearing Seasons1

NotesWeighted Average for All 
Releases

4 Does not include fish that exhibited smolt characteristics, including loss of parr marks, silvery-body coloration or black-tipped fins, but are less than 160 mm fork length.

1994

1996

3 Young-of-the-Year fish based on fork length <= 120 mm; Yearling-sizesd juveniles based on fork length 121-159 mm 

2 Smolt-sized fish based on fork length >= 160 mm and includes fish that exhibited smolt characteristics including loss of parr marks, silvery-body coloration or black-tipped fins, but are less than 160 mm fork length. 

1  Data for 1994; Fish were rescued from the Carmel River Lagoon as "reverted" smolts, transported and reared in the plunge pool below San Clemente Dam, netted and released on November 15, 1994.  Includes a 
group of marked, hatchery produced smolts from the 1988-1994 CRSA Emergency Broodstock Program 

Hatchery fish, Carmel River Lagoon 
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7.4 Indicate Food Type Used, Daily Application Schedule, Feeding Rate Range (e.g.  % 
B.W./Day and Pounds/GPM Inflow), and Estimates of Total Food Conversion 
Efficiency During Rearing (Average Program Performance): 

Fish are fed a combination of natural and artificial food.  At the outset of stocking, fish are fed a 
mixture of semi-moist pellets and frozen krill or brine shrimp to hasten their acceptance of artificial 
food.   Many fish readily accept pelletized food, while others resist and continue to eat natural 
food.  To enhance food availability in the rearing channel and Tanks 1 and 3, the District installed 
a series of lighted “bug zappers”, which attract insects to the water surface.  In addition, the cobble 
bottom in the rearing channel harbors aquatic insect larvae, which add to the natural food supply, 
through sustaining a natural suite of benthic macroinvertebrate fauna. 
 
The District uses BioDiet Grower® in medicated and non-medicated forms from Bio-Oregon in 
Longview, WA.  This food is specially formulated for steelhead in a semi-moist, 1.5-3mm size 
and sinks at a slow rate through the water column.  Once fish are stocked and adjusted to pelletized 
food, they are fed at the target rate of approximately 2%-4% body weight/day, according to 
guidelines for general size and temperature. (Leitritz and Lewis 1976)  For fish in the rearing 
channel these rates are adjusted slightly downward to account for natural food that falls into the 
channel or is produced in the rearing channel.  For YOY the daily ration is adjusted to account for 
expected growth and known mortality with a goal of rearing fish to approximately 120 mm by the 
end of the rearing season.  In some cases, larger fish are placed on a maintenance ration to maintain 
their body size and help inhibit early maturation.  In the rearing channel fish are fed mechanically 
through belt feeders stationed at approximately 50-foot intervals along the channel.  In addition, 
fish are fed twice daily by hand application.   
 
7.5 Fish Health Maintenance and Monitoring, Disease Treatment, and Sanitation 

Procedures 

At times, disease can be a serious factor limiting the success of rearing fish in the Facility.  The 
most serious problems are caused by bacterial infections with “columnaris” (Flavobacterium 
columnare) and motile aeromonas/pseudomonas being the principal bacterial disease agents.  The 
spread of bacterial infections is exacerbated by high water temperatures and “Ich” 
(Ichthyophythirius multifiliis) infestations, which lead to open wounds as the Ich tomonts erupt 
from epithelial tissue.  The resulting open wounds allow bacteria to pass into the bloodstream and 
directly inoculate the fish, leading to epizootic bacterial outbreaks. 
 
The District monitors behavior of fish throughout the Facility on a daily basis and notes whether 
individual fish exhibit obvious signs of disease or unusual behaviors such as flashing, jumping, 
lethargic swimming, lack of swimming, or rapid breathing.  Daily tallies are kept of known 
mortality, which varies year by year. When this tally rises unexpectedly, for example doubles from 
the average for that year, or a number of fish exhibit abnormal behaviors, the District may request 
a health inspection by fish pathologists from the CDFW and will implement any recommended 
control measures.  Copies of the most recent pathology reports are included in Appendix 7-E.  
 
Before fish are released from rearing, the CDFW Fish Pathology Lab in ancho Cordova is notified 
of the impending release, so that they have the opportunity to inspect fish prior to release and Dr. 
Wells, our contract local vet specializing in fish, will conduct an annual pre-release health 
inspection. Our facility is also subject to random inspections, and we notify the Lab of any disease 
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outbreaks and their severity and magnitude.  The Lab is notified if there is any apparent external 
indication of disease in fish being held, so that they can arrange to inspect all our live fish before 
release.  We never release any fish with any apparent external indications of disease, parasites, or 
other pathogens. As part of this RRMP, if directed by NMFS and CDFW in our final permit, as 
soon as a release date for the fish is set we will provide a sample of up to 60 frozen fish by overnight 
mail to the interagency California-Nevada Fish Health Center at the USFWS’ Coleman National 
Fish Hatchery for a pre-release evaluation.  We expect the actual annual sample size desired by 
the fish pathologists will likely be less than half the 60 fish initially recommended by NMFS, as 
is the case for current CDFW inspections.  Until our raw water intake upgrade for the SHSRF is 
completed, if the aforementioned evaluation takes more than a week, we may not be able to wait 
to begin fish releases.  Once our raw water intake is upgraded, we will hypothetically be able to 
continue operations through the first major storm cycles of the winter season, which currently pose 
a threat to reliable operation of the facility.  
 
The ability to chemically treat fish in the facility is limited to the Quarantine Tanks and Rearing 
Troughs.  The outflow from these components is connected to two water treatment tanks, which 
allow ozonation of treatment water.  At times, the District treats small groups of diseased fish with 
Formalin and Oxytetracycline at concentrations and durations recommended by the CDFW.51  Due 
to discharge restrictions, the vast majority of the fish in the Facility cannot be treated with effective 
chemicals.  The only feasible prophylactic compound that can be used and discharged is sodium 
chloride, and it is regularly applied as needed to be effective against “Ich” outbreaks, and also has 
beneficial effects on bacterial pathogens. This requires adding pulses of salt brine to the inflow in 
the rearing channel and other components, and does not measurably affect water quality 
downstream of the facility.52 
    
7.6 Smolt Development Indices (e.g., Gill ATPase Activity), if Applicable: 

The District uses morphological indexes to rate smolt development, based on guidelines in Scholz 
(1980) and Chrisp and Bjourn (1978).  This includes three basic phases including parr, smolt-
transitions and smolts with the smolt-transition phase further divided into T1 – turning silver; T2 
– parr marks beginning to disappear below the lateral line; and T3 – parr marks disappearing from 
the head or tail and fin tips and edges turning black.  We are attempting to mimic local natural 
conditions to the degree reasonably possible in an artificial facility, thus as in the wild, the majority 
of our fish would not be expected to smolt in their first year (see Section 2.2.1.1, Figures 2-6 and 
2-7).  Therefore, there is no benefit in testing a subsample of released fish for gill ATP-ase activity, 
since we are a naturalized rearing facility for indigenous wild fish that is not attempting to force a 
targeted percentage of juvenile steelhead to smolt stage to avoid interactions of a hatchery strain 
with wild indigenous fish.     
 

51 For treatment of individual lots of fish, the District uses Terramycin-343 (Oxytetrcycline HCI) 
Soluble powder by mixing 90 g of the powder in approximately 200 gallons of water for 4 to 18 
hours.  Formalin is used in daily treatments at 166-200 ppm for one hour or 25 ppm for 8 hours.  
52 Experiments to date have shown that pulses of 10-24 ppt sodium chloride in the rearing channel 
fractionally increase total dissolved solids on the order of at most 0.01 ppt in the outlet pool 
immediately below the Facility, and that concentrations of salt are below the detection limit of 
0.01 ppt in the main-stem Carmel River receiving water pool which is immediately adjacent to and 
downstream of the outlet pool (Kevan Urquhart, personal communication.)   
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7.7 Indicate the Use of "Natural" Rearing Methods as Applied in the Program 

The District uses several methods for naturally rearing juvenile steelhead, as recommended by the 
NMFS for managing and operating conservation hatcheries (Flagg and Nash 1999).  While the 
Facility is not a hatchery in the strict sense of propagating fish from broodstock selection to release 
of smolts, it provides a patch in the lifecycle similar to the rearing phase in conservation hatcheries.  
Because of this, many of the methods and basic strategies recommended for conservation 
hatcheries are applicable to the Facility.  Flagg and Nash (1999) listed eleven strategies and 
recommendations for operating conservation hatcheries as follows: 
 

1. Inbreeding, out-breeding, domestic selection, and genetic considerations – 
Conservation hatcheries should provide fish with minimal genetic divergence from their 
counterparts to maintain long-term adaptive traits. 

 
2. Broodstock sources – Conservation hatcheries should use locally adapted broodstock to 

maintain long-term fitness traits. 
 

3. Broodstock maturation and reproduction – Conservation hatcheries should manage and 
rear broodstock to maintain appropriate seasonal timing of maturation, ensure high quality 
gametes, and minimize precocious maturation of male fish. 

 
4. Enriched environments – Conservation hatcheries should have incubation and rearing 

vessels with options for habitat complexity to produce fish more wild-like in appearance, 
and with natural behaviors and higher survival. 

 
5. Growth rate modulation -- Conservation hatcheries should base their goals for growth 

patterns of hatchery fish and size at emigration on natural population parameters. 
 

6. Rearing density – Conservation hatcheries should use low rearing densities to improve 
juvenile survival during rearing and increase adult return percentage. 

 
7. Anti-predator conditioning – Conservation hatcheries should have options to apply anti-

predator conditioning methods in hatchery rearing vessels. 
 

8. Release size – Conservation hatcheries should release smolts at a size which equals the 
size distribution of smolts in the wild population. 

 
9. Release time and volitional release – Fish from conservation hatcheries should be 

released on their own volition, and out-migrate during windows for natural downstream 
migration of the stock. 

 
10. Imprinting and homing – Conservation hatcheries should adopt practices to reduce 

straying, such as on-site rearing and release, and other promising imprinting or homing 
techniques. 

 
11. Habitat carrying capacity – Conservation hatcheries should program their production to 

accommodate the natural spatial and temporal patterns of abundance in wild fish 
populations. 
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Of the eleven strategies, eight have direct application to operation of the Facility and the District 
uses several techniques to implement the recommendations including: 
 

• Providing an enriched environment in the rearing channel by simulating natural physical 
attributes including riffles, runs, pools overhead cover, instream wood structures, and 
maximizing habitat complexity. 

 
• Adopting feeding rates to modulate growth rate by restricting artificial food and 

providing natural food with a goal of matching size and growth patterns in the wild Carmel 
River steelhead population.  In addition, artificial food is provided “at a distance” to avoid 
habituating fish to the presence of man; thereby possibly maintaining the wild fish’s 
inherent predator avoidance behavior and reducing the risk of domesticating the fish. 

 
• Stocking fish at rearing densities approximately 1/10 levels in typical hatchery 

environments and well below most recent recommendations for conservation hatcheries. 
 

• Attempting to match the release size of fish in the Facility to the sizes of juvenile fish in 
the Carmel River is thought to minimize intraspecific competition with juveniles naturally 
reared in the river. 

 
• Operating within the physical constraints of the existing water source means that Facility 

fish can sometimes be released earlier than might be desirable.  While not ideal, this 
practice minimizes risk that fish will stray from the Carmel River because they re-
naturalize and live in the river for two to three months, to allow imprinting before 
smolting.  Once the Facility’s intake is retrofitted in 2018, it is expected to operate through 
the first winter storms that can currently challenge its reliability, so that it can release fish 
2 – 4 weeks after the source habitat is rewetted.  This impending operational approach still 
allows rescue-reared and re-released fish to imprint on natal habitat for several weeks to 
months before the start of the normal smolt emigration season.  

 
• Acknowledging the habitat carrying capacity in river, the District releases fish at a 

variety of locations with surplus rearing habitat.  This minimizes risks of intraspecific 
competition, matches the availability of rearing habitats to abundance patterns in the 
natural population.  

 
7.8 Indicate Risk Aversion Measures That Will be Applied to Minimize the Likelihood for 

Adverse Genetic and Ecological Effects to Listed Fish Under Propagation: 

The source of fish in the Facility varies each year depending on the risk that naturally born 
juveniles are exposed to drying conditions in the lower Carmel River.  In some years, the fish are 
overwhelmingly small YOY, while in other years larger YOY, older juveniles and smolts make up 
a significant fraction of the rescued fish.  In this sense, the source of fish represents a risk aversion 
measure that minimizes genetic and ecological effects because the reared fish represent a diverse 
sample of the Carmel River population and the program attempts to rear or release all of the 
individual fish that are at risk. 
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Within the Facility, the goal is to minimize mortality due to density independent factors and 
maximize survival by rearing YOY in a simulated natural environment. Accomplishing this goal 
is thought to minimize risks that Facility fish will ultimately behave or function differently than 
their completely wild counterparts in the river.  As outlined in the previous section, several 
measures are implemented to minimize differences between Facility fish and fish in the river, 
including providing complex rearing habitats, stocking fish at relatively low densities, modulating 
growth rates, releasing fish at similar sizes, locations, and densities to minimize intraspecfic 
competition. 
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8. RELEASE PROTOCOL  

Describe Fish Release Levels, and Release Practices Applied Throughout the Rescue 
and Rearing Program:  

 
The MPWMD RRMP anticipates that the District will annually rescue-and-rear and rescue-and-
relocate an annual maximum of 108,419 steelhead, including 23,642 fry-fingerlings, 70,925 
fingerlings, 8,627 yearlings, 5,130 smolts and 95 kelts. (See Table 1-7)  It is important to note that 
these numbers are the predicted potential maximums for the next five years, not the expected and 
more probable annual average, which will likely be only approximately 30% of these limits, based 
on the mean number of fish handled since 2001 (30,376/year).  Since the Facility was fully 
operational, rescue totals have exceeded hypothetical Facility capacity in only one of sixteen 
consecutive rescue seasons (6.3% between 1997-2012).  The releases of rescued fish include four 
groups that are rescued-and-relocated, and/or rescued-and-reared in different ways including: 
 

o Fry-Fingerling (early YOY) and Yearlings rescued below RM 3.25 (Via Mallorca Bridge) 
will be released upstream of the Narrows or into the Lagoon on the same day they are 
rescued, or transported to the Facility for rearing until river conditions are suitable for their 
release into the Lower River; e.g., two to four weeks after flow is restored to the areas from 
which they were rescued. 

 
o Fingerlings (late YOY) and Yearlings rescued below RM 8.46 (Robinson Canyon Rd. 

Bridge) to RM 3.25 (Via Mallorca Bridge), or between RM 12.69 and 14.45 (Boronda to 
Esquiline Rd. Bridges) will be transported to the Facility for rearing until its capacity is 
reached, and held until river conditions are suitable for their release into the Lower River; 
e.g. two to four weeks after flow is restored to the areas form which they were rescued.  If 
fish are rescued in excess of the Facility’s rearing capacity, they will be transported and 
released into the perennial reaches of the River below the former SCD site, as will any fish 
released in an emergency due to any unexpected problems with the Facility. 

 
o Pre-smolts or Smolts rescued below RM 8.46 (Robinson Canyon Rd. Bridge) will be 

released into the Lagoon or Stewart’s Cove (saltwater release), respectively. 
 

o Kelts rescued below RM 8.46 (Robinson Canyon Rd. Bridge) will be released into the 
ocean at Stewart’s Cove. 

   
8.1 Proposed Fish Release Levels: 
 
Table 8-1 summarizes maximum release numbers anticipated with the MPWMD RRMP for each 
of the above rescue groups.  The summary is based on a detailed accounting of the fish from the 
time they are rescued, through transport, rearing and release back into the river.  Appendix 8-A 
lists the information and assumptions used for this accounting. Fish sizes depend on whether fish 
are released immediately (a portion of the fry-fingerlings and smolts, and adults) or are reared at 
the Facility where they grow prior to their release (fingerlings, yearlings, a portion of the fry-
fingerlings, and adults). 
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Table 8-1

Origin/Age-size Class Maximum 
Number 

Average Size:53 
Ave. Fork Length[mm]  

Number fish/pound [fpp] 

Release 
Dates Locations54 

Below RM 3.25 
Fry-Fingerling (early YOY) 

11,82155 
30 – 50 mm 

250 – 1,000 fpp 
April-July River Upstream of RM 8.5 or 

Lagoon 

2,99556 
100 – 160 mm 

9 – 39 fpp  
Nov 15 – Feb  

Length <120: Reach RM 8.5 -17.6  

Length 120-160: Below RM 8.5  

Above RM 3.25 
Fingerling (late YOY) 

43,343 
30 – 70 mm 

250 – 1,000 fpp 
April-July River Upstream of RM 8.5 

11,722 
100 – 160 mm 

9 – 39 fpp 
Nov 15 – Feb  

Length <120: Reach RM 8.5 -17.6 

Length 120-160: Below RM 8.5 

Below RM 8.5 
Juvenile/Yearling 5,356  

150 – 250 mm 
2.5 – 11 fpp  

Nov 15 – Feb 
Below RM 4.8 (Valley Greens 

Bridge) with larger fish 
downstream as far as Lagoon57   

RM 12.7 – 14.5 
Juvenile/Yearling 1,438 75 -100 mm  June - August River Upstream of RM 14.5 

Pre-smolts and Smolts 5,130 160 – 250 mm 2.5 – 11 fpp March – May Lagoon or Stewart’s Cove, 
respectively 

Adults (kelts) 95 
> 406 mm (16”) –  

~889 mm (35”) 

Apr – June or  Stewart’s Cove (Apr-Jun) or 

Jan 15 – Feb  Lagoon or upstream of RM 10.91 - 
14.5 (Jan-Feb)58 

53 Average sizes for representative samples of fish at the time of release. Typically, individual fish lengths range ± 20 mm around the average length. 
54 Anticipated range of release locations listed; actual location to be determined through adaptive management based on existing conditions including, but not limited to expected 
summer streamflow and habitat levels, water temperature, operational constraints at the Facility, substrate conditions, and previous levels of natural fry seeding below San 
Clemente Dam. 
55 The number of fry-fingerlings includes the fish released immediately following rescue, ranging in size from 30-50 mm. 
56 The number of fish originating as fry-fingerlings from below RM 3.25, reared at the Facility and released at average size ranging from 100 to 160 mm. 
57 Fish in this group with smolt characteristics will be released downstream of Via Mallorca Road Bridge (RM 3.25) or into the Lagoon. 
58 Released to River (Jan – Feb), only if flows expected to be inadequate for upstream migration of sea-run fish, but sufficient for adult migration upstream of RM 10.91.   
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8.1.1 Release Sites, Facility Reared Fish: 
 
For permitting purposes, the MPWMD RRMP anticipates the following protocol for annual 
releases of fish reared at the Facility: 
 

1. Smaller YOY – Initial releases of smaller YOY up to 120 mm long from the rearing channel 
will begin when the first runoff event doubles the dominant base-flow in the River at 
Garland Park or on December 1, whichever occurs later. These fish will either be a) 
released into perennial habitats between Sleepy Hollow Weir (RM 17.6) and Robinson 
Canyon Road Bridge (RM 8.5), if the prior fall’s densities at the monitoring sites 
representing this reach were less than 2.0 fish per foot, and will be stocked up to that target 
density; or b) released into the perennial and re-watered seasonal habitats downstream of 
the Robinson Canyon Road Bridge (RM 8.5) to minimize competition and predation with 
the existing juvenile populations upstream. In both release strategies the fish will be 
dispersed throughout the reach to minimize competition with other juvenile steelhead. 
 

2. Yearling-Sized YOY – Initially, larger YOY ranging from 120 to 159 mm long from the 
rearing channel will be held temporarily until two to four weeks after stream flow has 
reoccupied the lower river, as measured at the Near Carmel USGS Gage. Once flow returns 
to the Near Carmel Gage, these fish will be released into perennial and seasonal habitats 
downstream of the Robinson Canyon Road Bridge (RM 8.5) to minimize competition and 
predation with the existing juvenile population. Release sites for these fish will be staged 
and alternated to a void sequential plants at one site and to maximize dispersal of fish 
throughout the re-watered habitats.  

 
3. True Yearlings and Largest YOY – Yearlings and the largest YOY exceeding 160 mm 

from the rearing channel will be released two to four weeks after stream flow reoccupies 
the lower river, as measured at the Highway One MPWMD Gage, or as soon as the lagoon 
mouth is open, whichever comes first.  These fish will be released into seasonal habitats 
below Valley Greens Bridge (RM 4.8) with the larger fish planted at the farthest 
downstream sites.  Fish in this group that exhibit smolt characteristics, including loss of 
parr marks, silvering body coloration and black-tipped fins, will be released downstream 
of Rancho San Carlos Bridge (RM 3.86), if flows are sufficient for volitional passage to 
the Lagoon (>20 cfs), else into the Lagoon directly. 
 

8.1.2 Capture-Removal Methods, Facility Reared Fish: 
 
For permitting purposes, the MPWMD RRMP anticipates the following protocol for gathering up 
Facility fish prior to release:  
 
Rearing Channel Fish – The rearing channel is divided into 15 discrete sections by screened, 
vertical weir plates.  This allows staff to sequentially capture and remove fish from each section, 
in an orderly manner from downstream to upstream direction, as follows: 
 

1. At the beginning of each capture day, seines, dip-nets and 5-gallon buckets will be used 
to remove as many fish as possible out of each section of the rearing channel, until the 
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catch declines to less than 5 fish per attempt. Fish less than 120 mm will be transferred 
to 125-gallon or 400-gallon tanks for transport and release at the end of the day. Fish 
larger than 120 mm will be segregated into two groups, with fork length ranging from 
121 to 160 mm and greater than 160 mm, and temporarily held in the Quarantine Tanks 
and Tank 3 for later transport.  
 

2. Prior to transfer into the transport tanks, approximately every tenth fish captured from 
each section will be set aside for length and weight measurements.  A maximum of 50 
sample fish shall be held in 30-gallon carboys for one hour, prior to measurements of 
length and weight.59  Sampling shall continue until a minimum 60 fish are measured 
and tabulated for each section. 

 
3. Following dip-netting in Step 1, fish will be herded with an electrofishing machine into 

netted-off sections in each pool, where fish will be dip-netted, sampled and transferred 
as outlined in Steps 1 and 2. 

 
4. At the end of each release day, fish in the transport tanks shall be released according to 

guidelines in previous sections and Table 8-1. 
  

5. Once Step 3 results in the capture of less than 5 fish in a pool, crews will make repetitive 
passes through each section of the rearing channel, until an estimated 80% of the fish 
are captured. It is anticipated that Steps 2 – 5 will take two to three weeks (10-15 work 
days) to complete. 

 
6. Once, the projected cumulative catch declines to 80% of the population, the remaining 

fish will be captured by sequentially repeating steps 3, 4, and 5 in each section with the 
flow and water levels reduced to near zero. 

 
7. If steps 1-6 are interrupted by a sudden increase in streamflow, the District will switch 

to emergency release procedures outlined in Section 8.8. 
 

Other Facility Fish – Fish in the other rearing containers (Tanks 1 and 3, Quarantine Tanks 1-
5, and Rearing Troughs 1-8) will be captured with seines and dip nets.  Based on a census of 
fish numbers in each container and representative sampling, the District will measure the 
length and weight of 10% or 60 fish in each container, whichever is greater.  All fish in these 
groups and any of the larger fish from the rearing channel will be released according to the 
criteria in Table 8-1. 

 
8.1.3 Release Sites, Rescued-and-Relocated Fish: 
 
For permitting purposes, the MPWMD RRMP anticipates the following sites and timing for 
rescued-and-relocated groups of steelhead, i.e. fish that are released soon after their rescue, and 
are therefore not reared at the Facility 

1. Steelhead Fry and YOY less than 50 mm – As outlined in Table 8-1, a portion of the fry 

59 Number of fish in 30-gallon carboys based on 15 gallons of water, a loading density of 0.05 Kg/Kg, and fish 
weight of 50 grams (~160 mm FL). 
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and smallest YOY ranging from 30 to 50 mm fork length may be transported and released 
into the Carmel River Lagoon to provide initial seeding of the lagoon rearing habitats.  
Timing of these releases coincides with the annual recession of streamflow in the lower 
river and will begin after spring-summer flows decline below 8 - 10 cfs at the MPWMD 
Highway One Gage.  Under the MPWMD RRMP, plants in the lagoon will end with the 
last rescues downstream of Via Mallorca Bridge (RM 3.2).  This date varies from year-to-
year, depending on streamflow and water demands, but usually falls in late July or early 
August. 

 
2. Pre-smolts and Smolts – As outlined in Table 8-1, pre-smolts that are rescued during 

springs of dry and critically-dry water years may be transported downstream and released 
into the Carmel River Lagoon, and smolts will be transported downstream and released 
into the Pacific Ocean at Stewart’s Cove.  A decision on exact sites will be made following 
discussions with the NMFS and CDFW on a month-to-month basis, depending on Lagoon 
water quality, the presence of striped bass in the Lagoon, the expectation of future flows, 
and whether the rescued fish have well-developed smolt characteristics. 

 
3. Steelhead Kelts – As outlined in Table 8-1, the adult kelts that are rescued during late 

spring and early summer will be transported and released into the Pacific Ocean at 
Stewart’s Cove. 

 
8.2 Fish Transportation and Acclimation Procedures, if Applicable:  
 
Fish will be transported, acclimated (where applicable) and released using the equipment 
previously discussed in Section 6.  For permitting purposes, the MPWMD RRMP anticipates the 
following transportation and acclimation procedures: 
 
8.2.1 Freshwater Releases of Fry and YOY Less Than 50 mm Released Into the Lagoon:  
 
Fry and fingerlings less than 50 mm from the reach below RM 3.24 will be transported in the 400-
gallon Tank-Trailer or 2 x 125-gallon Tank-Truck in densities conforming to criteria in Table 6-
4for a loading density of 0.01 Kg Fish/Kg water (0.01 Kg/Kg).60  For 50 mm long fish this means 
not exceeding 2,700 fish in the 125-gallon tanks and 8,778 in the 400-gallon tank.  Temperature 
differences between the transport container and planting sites should be within 5o F.  If the delta 
temperature is outside this range, temperature in the transport tank should be adjusted by adding 
block ice in sealed bags to prevent introduction of any significant amount of chlorine, or mixing 
receiving water with tank water prior to releasing fish. 
 
8.2.2 Freshwater Releases, Fingerlings (late YOY), Large YOY, Yearlings and Pre-Smolts: 
 
Transport of fish planted from Sleepy Hollow to downstream sites should follow recommended 

60 Studies on the stress response in transported fish indicate rainbow trout and steelhead can be held indefinitely at 
loading densities of 0.01 Kg/Kg, subjected to mild stress and confinement over several hours without suffering 
mortality, but may require up to 8 days to recover, depending on degree of handling, confinement, and transit time. 
(Barton, Peter and Paulencu 1980; Congleton, Lavoie, Schreck and Davis 2000).  
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density guidelines in Table 6-2 and take into account the largest sized fish in the transport group 
and total transit time required for the first fish loaded into the tank each day.  In general, density 
guidelines for the lowest density range (0.01 kg/kg) should be used to account for long loading 
and hauling times.  For example, with a total 7-hour loading and transit time no more than 185 fish 
(at 120 mm fork length) should be carried at a density of 0.01 kg/kg.  In contrast, where loading 
and transit time can be cut down to 1 to 2 hours, a density of 0.05 kg/kg can be used, providing 
transport space for 927 fish (at 120 mm fork length). 
 
8.2.3  Saltwater Releases, Smolts and Kelts: 
 
Transport of smolts and kelts to the ocean requires special care to ensure that fish are not suddenly 
exposed to full-strength seawater.  Protocol for these groups is tied to operation of the trapping 
station in the Lower River and acclimation of the fish to increasing salinity over an extended time 
period.  In general, smolts and adults should be transported in separate tanks, with no more than 
one adult in a 40-gallon ice chest, five adults in the 125-gallon tanks and 15 in the 400-gallon tank 
and no more than 40 smolts in a 40 –gallon ice chest, 300 smolts in the 125-gallon tanks, or 1,000 
smolts in the 400-gallon tank.61  Smolts and kelts will be acclimated to full-strength seawater over 
a period of 3-5 hours during transport according to the following protocols: 
 
 125-gallon and 400-gallon transport tanks  
 

o At the time of capture, fish will be placed into the transport tanks filled with river water 
adjusted to approximately one-third strength salinity (12 ppt).  Salinity will be adjusted by 
adding 34 lb of un-iodized coarse salt to the 400-gallon tank or 10 lb to the 125-gallon 
tanks.62  
 

o Prior to loading the fish, the temperature of the tank water will be adjusted to within 5 deg 
F of ocean water by adding block ice in sealed bags, to prevent introduction of any 
significant amount of chlorine.  

 
o Once all fish have been loaded at the trapping station, fish shall be held one-quarter hour 

prior to transport downstream to the Lagoon. During this period, a visual check shall be 
made of smolts, and the opercular breath rates of several fish shall be noted and recorded. 

 
o Following transport and arrival at the Lagoon, the breath rates shall again be noted and 

recorded.  If rates have increased and fish appear agitated, the entire group will be released 
into the Lagoon.  If rates have declined or the fish appear quiescent, the entire group will 
be transported to Stewart’s Cove and released as described in the following two bullets. 

 
o Over the next hour, salinity shall be gradually adjusted to two-thirds seawater (24 ppt) by 

adding 8.5 lb to the 400-gallon or 2.5 lb to the 125-gallon tanks, at 15-minute intervals.  
 

61 Numbers from Table 6-2, based on average smolt size of 170 mm FL and maximum loading density of 0.05 Kg/Kg. 
62 Quantities of salt are based on 350 gallons of freshwater in the 400-gallon trailer-tank and 100 gallons in the 125-
gallon truck-tanks.  At these tanks volumes, 2.87 lb and 0.82 lb of salt are needed to raise the salinity by 1 ppt in the 
400-gallon and 125-gallon tanks, respectively. 
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o After a total of 1.75 hours in the transport tanks, fish shall be dip-netted from the tanks, 
and carried to the beach front in 5-gallon buckets or small ice chests, for immediate release 
to the ocean. No more than 15 smolts shall be carried to the ocean in 5-gallon buckets and 
no more 20 in the small ice chests.63  
 

40-gallon ice chest 
 

o At time of capture, fish will be transported in freshwater to the Lagoon. 
 

o At the Lagoon, salinity will be adjusted to approximately one-third strength seawater (12 
ppt) using ocean water and verified with a salinity meter. The use of ocean water will also 
ensure that water temperature acclimation is also occurring.  
 

o During this period, a visual check shall be made of the fish, and the opercular breath rates 
of several fish shall be noted and recorded. If rates have increased and fish appear agitated, 
the entire group will be released into the Lagoon.  If rates have declined or the fish appear 
quiescent, the entire group will move on to the next step. 

 
o After an hour at 12 ppt, salinity shall be re-adjusted to two-thirds strength seawater (24 

ppt) using ocean water and verified with a salinity meter. 
 

o During this period, a visual check shall be made of the fish, and the opercular breath rates 
of several fish shall be noted and recorded. If rates have increased and fish appear agitated, 
the entire group will be released into the Lagoon.  If rates have declined or the fish appear 
quiescent, the entire group will move on to the next step. 
 

o After an hour at 24 ppt, salinity shall be re-adjusted to full strength seawater (32 ppt) using 
ocean water and verified with a salinity meter. 
 

o During this period, a visual check shall be made of the fish, and the opercular breath rates 
of several fish shall be noted and recorded. If rates have increased and fish appear agitated, 
the entire group will be released into the Lagoon.  If rates have declined or the fish appear 
quiescent, the entire group will move on to the next step. 

 
o After an hour at full strength seawater and fish appear quiescent, the entire group will be 

released in the ocean.   
 
8.3 Actual Numbers and Sizes of Fish Released by Age Class Throughout the Program: 
 
Table 8-2 lists the historical record of numbers and sizes of fish released through the MPWMD 
rescue and rearing program, since its inception in 1989. Since 1996, when the Facility first came 
on line, annual releases of both relocated and Facility-reared steelhead combined have ranged from 
1,410 in 2011 to 64,426 in 2008. Some of the years with higher rank numbers of released fish 
(2002 [35,877 fish], 2001 [24,759 fish], 2003 [28,446 fish], and 1997 [18,176 fish]) coincided with 

63 Number of smolts based on loading density of 0.05 Kg/Kg and assuming 3.5 gallons of water in 5-gallon buckets 
and 5 gallons of water in small ice chests (20”L x 10”W x 12”H). 
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years when the Facility was not operational or a smaller fraction of the rescued fish were stocked 
into the Facility.  Years with the lowest rank numbers (2011 [1,410 fish], 2010 [3,577], 1999 
[1,694] and 1998 [3,189 fish] coincided with periods of high mortality at the Facility (1999) or 
when few fish needed rescue (2010, 2011), and the Facility was down for repairs (1998).  During 
the most recent 5-year period (2008-2012), the numbers of released fish have ranged between the 
lowest and highest numbers on record (i.e., 1,410 to 64,426 fish), with the Facility making up a 
greater percentage of the total releases because fewer fish are released into the river immediately 
after rescue.  Although rearing fish reduces the total annual number of released fish, the end result 
is thought to be beneficial because fish reared in the Facility are: a) larger at the time of release, b) 
have high Fulton Condition Factors so likely survive better after release, c) did not contribute to 
increasing the level of intra-specific competition in reaches with perennial flow upstream of the 
rescue zone, and d) had survival rates higher than in the wild. 
 
8.4 Actual Dates of Release and Description of Release Protocols for Fish Reared at the 

Facility: 
 

8.4.1 Release Dates: 
 
Table 8-3 lists the recent historical release dates for fish reared at the Facility.  As previously 
outlined, releases of fish are designed to mimic natural dispersal patterns, reduce intraspecific 
competition and predation, and maximize survival potential.  In terms of timing, this means 
holding and rearing the fish for as long as possible, consistent with the limitations of the physical 
operation of the Facility.  With the current water intake, operations are constrained by high 
sediment transport rates at the intake and the entrainment of bed and suspended sediment into the 
pumps during initial winter flows.  This constraint limits the ability to hold fish after the first 
substantial hydrographs pass the intake and means that fish are released earlier than most desirable.  
During the past eight years, the beginning release date has usually been postponed as long as 
possible without unduly risking loss of intake water and jeopardizing survival of fish in the 
Facility.  However, in 2005, 2007, 2009 and 2012 releases were delayed until after the first 
substantial hydrograph at the Sleepy Hollow Weir.  In 2005 the delay extended the release season 
until March 3 and in 2007 until January 8, 2008. (Table 8-3)  While no fish were lost as a 
consequence of this protocol, the risks were exceptionally high in 2005 as releases were not 
completed until March 3, 2006, or 68 days after the first hydrograph passed Sleepy Hollow Weir. 

 
The rational for releasing fish is to time the releases with periods after the reestablishment of base 
flows in the lower river.  Ideally, the river flows should be allowed to reoccupy the stream channel 
for a few weeks before fish are released into previously dewatered habitats.  In addition, groups of 
fish should be released in ways that minimize competition and predation with other juvenile 
steelhead.  This can be accomplished by releasing fish at perennial flow sites or at lower river sites, 
after the river has reconnected with the Lagoon.  An examination of dates for first hydrographs in 
the lower river shows that dates of actual fish releases preceded the first date of seasonal flow in 
six years (2003, 2004, 2006, 2008 and 2011), and followed or matched the first date of seasonal 
flow in four years (2005, 2007, 2008, and 2012) (Table 8-3).  A comparison of the actual release 
periods in 2003 and 2004 with the dates of seasonal flow return during those years indicates that 
if the fish had not been released early, they would have been in the Facility for an additional 67 
days in 2003/2004 and an additional 49 days in 2004/2005 (Figure 8-1).  During these hypothetical 
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release periods, mean daily flows at Sleepy Hollow Weir ranged up to 1,280 cfs in 2003 and 1,690 
cfs in 2004.  Considering the magnitude of sediment transport and potential entrainment of 
sediment into the pump station and vulnerability of pumps, it is unlikely that flow could have been 
maintained throughout these periods.  For this reason, or until the intake is improved to handle 
high sediment loads for extended periods of time, the start of releases should be timed to coincide 
with smaller flow increases that occur earlier than would be ideal. 
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Table 8-2 

Adults Totals

Nos. Size (FL,mm) Nos. Nos. Nos. Size (FL,mm) Nos. Nos. Nos. Size (FL,mm) Nos. Nos. Nos. Nos.
1989 0 0 155 155 175 175 330
1990 0 0 332 332 20 20 352
1991 0 0 415 415 774 774 1,189
1992 2,636 2,636 762 762 382 382 2 3,782
1993 1,686 1,686 3160 3,160 0 0 12 4,858
1994 4,524 4,524 3999 3,999 115 253 5,262 5,377 43 13,943
1995 3,702 3,702 977 977 0 0 0 4,679
1996 258 6,533 6,791 292 292 151 181 0 151 3 7,237
1997 2,446 80 14,510 16,956 221 133 124 345 115 214 749 864 11 18,176
1998 0 3,134 3,134 55 55 0 0 0 3,189
1999 857 87 0 857 242 139 68 310 526 164 0 526 1 1,694
2000 0 7,507 7,507 100 100 0 0 0 7,607
2001 4,816 87 17,475 22,291 1,485 135 248 1,733 734 188 0 734 1 24,759
2002 0 35,248 35,248 597 597 29 29 3 35,877
2003 8,299 86 15,532 23,831 2,707 140 166 2,873 1,729 184 6 1,735 7 28,446
2004 3,101 85 947 4,048 2,123 142 68 2,191 1,670 192 284 1,954 4 8,197
2005 5,890 100 0 5,890 4,307 137 0 4,307 3,714 175 0 3,714 0 13,911
2006 2,969 89 0 2,969 1,498 136 0 1,498 2,725 177 0 2,725 2 7,194
2007 590 105 4,794 5,384 1,175 140 79 1,254 1,015 169 264 1,279 27 7,944
2008 3,222 95 49,613 52,835 5,704 142 85 5789 5,795 177 1 5,796 6 64,426
2009 1,153 93 1,770 2,923 2,231 144 208 2439 5,279 185 0 5,279 0 10,641
2010 433 103 1,766 2,199 495 139 127 622 756 209 0 756 0 3,577
2011 185 105 17 202 385 138 0 385 823 192 0 823 0 1,410
2012 2,763 92 539 3,302 986 141 25 1011 1,592 201 0 1,592 0 5,905

1Smolt numbers include YOY, Juveniles and Yearlings that exhibited smolt characterisitics or grew to >= 160mm fork length at time of release.
2Number of fish released from MPWMD river rescues, immediately following release; excluding fish transported and reared at SHSRF.
3Number and size of fish reared and released from operations at SHSRF. In some years includes fish from MPWMD and CRSA river rescues.  Sizer of fish is average fork length of fish sampled at time of release.

Sleepy Hollow3 Rescue 
Releases

Subtotal Sleepy Hollow3 Rescue 
Releases

SubtotalYear

Summary of Steelhead Released from the MPWMD Rescue and Rearing Program in the mainstem Carmel River, 1989-2012

Young-of-the-Year (YOY) Juvenile/Yearling Smolts1

Sleepy Hollow3 Rescue 
Releases2 Subtotal
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Year

Start End Start End Date
Flow 
(cfs) Date

Flow 
Before/After

Near Carmel 
(USGS)

Hwy 1 
(MPWMD)

7-11 to
13-16
3-7 to
13-16
~11 to

20
~9 to

18
3-4 to
373

8-13 to
29

5 to
1380
25 to
152

18-22 to
28

5 to
26

Table 8-3 
Period of Operation for Sleepy Hollow Steelhead Rearing Facility, Dates of Fish Releases, and Seasonal Flow 

Attributes for the Carmel River, 2003-2012

Period of Facility 
Operation

Date of Releases 
from the Facility

First Peak Flow @ 
SH Weir

Date and First 
Seasonal Flow 

Increase at Garland 

Date of Seasonal 
Flow Return at Gage 

Stations

648 15-Dec-03 30-Dec-03 30-Dec-03

2004 11-May-04 13-Dec-04 20-Oct-04 8-Dec-04 28-Dec-04

2003 18-Jul-03 31-Dec-03 25-Oct-03 31-Dec-03 30-Dec-03

201 27-Oct-04 25-Dec-04 27-Dec-04

2005 13-Jul-05 6-Mar-06 9-Jan-06 3-Mar-06 26-Dec-05 103 18-Dec-05 18-Dec-05 25-Dec-05

2006 17-Jul-06 7-Feb-07 17-Jan-07 7-Feb-07 11-Feb-07 105 10-Dec-06 25-Dec-06 11-Jan-07

2007 14-May-07 8-Jan-08 7-Jan-08 8-Jan-08 4-Jan-08 632 4-Jan-08 5-Jan-07 5-Jan-08

2008 14-May-08 20-Feb-09 3-Dec-08 20-Feb-09 15-Feb-09 26-Jan-09 15-Feb-09 13-Feb-09

2009 22-Jun-09 5-Nov-09 5-Nov-09 24-Nov-09 13-Oct-09 14-Oct-09 14-Oct-09 13-Oct-09

2010 2-Aug-10 5-Nov-10 1-Nov-10 5-Nov-10 19-Dec-10

30-Nov-12 16-Nov-12 16-Nov-12

19-Oct-10

251

269

245

115

923

wet all year

2012 15-Jun-12 8-Nov-12 1-Dec-12 11-Dec-12 2-Dec-12

19-Dec-10 22-Oct-10

2011 19-Aug-11 7-Nov-11 1-Nov-11 8-Nov-11 19-Mar-12 21-Nov-11 wet all year
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Figure 8-1 
Comparison of Actual and Hypothetical Releases of Juvenile Steelhead from Sleepy Hollow Steelhead Rearing Facility, 

2003 and 2004 Rearing Seasons 
 

 

Streamflow at Sleepy Hollow Weir, Oct 1 to March 31
Water Years 2003 and 2004

Duration of Hypothetical 
2003 Release

Duration of Hypothetical 
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8.5 Marks Applied, and Proportions of the Total Rearing Population Marked, to 
Identify Rescued Adults: 

 
Currently, the MPWMD RRMP anticipates conducting a regular PIT tagging program to 
proportionally mark the fish rescued-and-relocated and rescued-and-reared.  Sections 9 and 10 
include descriptions of several research and monitoring projects that are included under this or 
future RRMP activities.  If one or more of these pilot projects prove effective, a significant portion 
of fish at the Facility will be marked during the fall and winter release periods.  However, marking 
of Facility fish is constrained by high water temperatures and disease exposure, so any project to 
mark Facility fish would need to occur once water temperatures drop into the preferred range of 
less than 58 deg F/19 deg C.  For planning and permitting purposes, any marking will be limited 
to the period after mid-October, when Facility temperatures consistently drop below 58 deg F/14 
deg C.   
 
8.6 Fish Health Certification Procedures Applied Pre-Release: 
 
No formal health certification procedures are in place or contemplated prior to releasing fish from 
the Facility.  District staff visually checks each fish prior to loading and any fish exhibiting obvious 
life-threatening wounds or disease are culled from the release groups.   Normal protocol for rearing 
fish at the Facility results in removal of moribund fish on a daily basis, so by the time fish are 
recaptured for release almost all of the survivors are in good to excellent condition.  At times, 
individual groups of fish exhibit small wounds and injuries sustained during rescues or at the time 
of release, but based on experience during the last 12 years of operation, the vast majority of fish 
are in good to excellent condition at the time of release. 
 
Before fish are released from rearing, the CDFW Fish Pathology Lab in Rancho Cordova is 
notified of the impending release, so that they have the opportunity to inspect fish prior to release, 
and Dr. Wells, our contract local vet specializing in fish, will conduct an annual pre-health 
inspection.  Our facility is also subject to random inspections, and we notify the Lab of any disease 
outbreaks and their severity and magnitude.  The Lab is notified if there is any apparent external 
indication of disease in fish being held at the end of the rearing season, so that they can arrange to 
inspect all our live fish before release.  We never release any fish with any apparent external 
indications of disease, parasites, or other pathogens.  Facility staff carefully observe each lot of 
fish being collected for release, and if any infections are observed, the fish are held back for an 
emergency inspection and approval by CDFW pathologists before the lot is released. 
 
As part of this RRMP, if directed by NMFS and CDFW in our final permit, as soon as a release 
date for the fish is set we will provide a sample of up to 60 frozen fish by overnight mail to the 
interagency California-Nevada Fish Health Center at the USFWS’ Coleman National Fish 
Hatchery for a pre-release evaluation.  We expect the actual annual sample size desired by the fish 
pathologists will likely be less than half the 60 fish initially recommended by NMFS, as is the case 
for current CDFW inspections.  Until our raw water intake upgrade for the Facility is completed, 
if the aforementioned evaluation takes more than a week, we may not be able to wait to begin fish 
releases.  Once our raw water intake is upgraded, we will hypothetically be able to continue 
operations through the first major storm cycles of the winter season, which currently pose a threat 
to reliable operation of the facility.    
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8.7 Emergency Release Procedures in Response to Flooding, Water System Failure, or 
Abnormally Low Flows: 

 
As described in Section 4, the viability of the water intake system is vulnerable to entrainment of 
bedload, suspended sediments, and leaves clogging screens during winter months.  Because the 
timing of hydrographs is not predictable, the delivery of sediment loads cannot be predicted, except 
in a seasonal sense.  With the proposed release schedule in Table 8-1, it is still likely that early 
storms will regularly threaten the viability of the Facility operations and require releases earlier 
than the desired.  Under these circumstances, emergency releases may need to occur.  Given this 
circumstance, this RRMP includes the following protocol for emergency releases: 

 
1. If streamflow unexpectedly increases above 100 cfs or other unexpected conditions 

threaten Facility operations, the District will evaluate impending sediment, flow and other 
environmental conditions to determine whether emergency releases are justified.  
Following discussions with CDFW and NMFS a decision will be made on whether to 
proceed with emergency protocol according to steps 2 – 5 below and where to release the 
fish. 

 
2. Dip-nets and 5-gallon buckets will be used to transfer as many fish as possible out of the 

rearing channel into the river, or into other available rearing space such as Tank 3, 
depending on fish size.  If space is available, fish greater than 120 mm FL will be 
transferred to circular Quarantine Tanks or Tank 3, and fish less than 120 mm FL will be 
placed in the river.  If no space is available, all fish will be released into the river at the 
Facility. 

  
3. Following dip-netting in Step 2, fish will be herded with an electrofishing machine into 

netted-off sections in each pool, where fish will be dip-netted and transferred depending 
on the available space and size, as outlined in Step 2. 

  
4. Once Step 3 results in the capture of less than 5 fish in pool, crews will make sequential, 

repetitive passes through the entire length of the rearing channel, until no fish are captured. 
 
5. It is anticipated that Steps 2–4 will take up to nine days to complete. On day ten the water 

intake system will be switched over to the back-up portable irrigation pump, unless it has 
already been mobilized. 

 
6. Once the back-up pump is operating, the total inflow will be reduced to one cfs, with most 

inflow allocated to the circular tanks and troughs and minimal flow to the rearing channel. 
   

7. The District will continue Facility operations until subsequent storms increase flow or the 
viability of the backup pump is jeopardized.  At that point, all remaining fish in the Facility 
will be released according to their size, as listed in Table 8-1 and the Facility will be 
demobilized for the remainder of the winter. 

 
8. If in single critically dry year, or the second and further years of consecutive drought, the 

Interagency Low Flow Memorandum of Agreement between CDFW, CAW, and the 
District plans to reduce mean daily flows at the Sleepy Hollow Weir to less than 4 cfs, the 
District will confer with NMFS and CDFW on whether and when to initiate regular fish 

144 10/19



releases earlier than planned, following the patterns in Section 8.1.2 
 
9. If for any unplanned and unexpected reason mean daily flows at the Sleepy Hollow Weir 

decline to or below 3.5 cfs and there is no reliable indication that they will rebound within 
24 hours, the District will initiate regular fish releases earlier than planned, following the 
patterns in Section 8.1.2, and simultaneously confer with NMFS and CDFW on whether to 
accelerate these releases under steps 1 -7 above. 

 
10. If for any unplanned and unexpected reason mean daily flows at the Sleepy Hollow Weir 

decline to 3.0 cfs, the District will immediately initiate emergency fish releases under the 
protocol in steps 1 -7 above. 

 
8.8 Indicate Risk Aversion Measures That Will be Applied to Minimize the Likelihood 

for Adverse Genetic and Ecological Effects to Listed Fish Resulting from Fish 
Releases: 

 
Genetic Effects – The implementation of the MPWMD RRMP should not have adverse genetic 
effects on the Carmel River steelhead population or other nearby populations because all of the 
rescued, reared and released fish are from wild parents, share a common lineage with river-reared 
fish, and hatchery propagation is not currently proposed as part of the RRMP.   
 
Ecological Effects – With release of reared fish into the general juvenile population there is a risk 
of density dependent, intraspecific competition and growth depression; as well as the impact of 
intraspecfic predation in the mixture of Facility and river-reared juvenile steelhead.  These risks 
will be minimized by the following measures: 
 

 
1. Timing of Facility Plants – Facility fish will not be released until either base stream flow 

in the Carmel River doubles in the late-fall, the lower river habitat has been re-wetted for 
two to four weeks, or the river flows to the sea through a reopened lagoon mouth (See 
Section 8.4.2).  This will help to minimize intraspecific competition, as the amount of 
rearing habitat and the habitat carrying capacity will have increased significantly to 
accommodate the maximum number of Facility fish. 

 
2. Location of Fish Planting, Stratified by Fish Size – Releases of Facility fish will be 

distributed amongst available habitats to account for differences in fish size, with the 
largest Facility fish released into downstream habitats.  This will help to minimize potential 
impacts from predation amongst the mix of Facility and naturally reared fish upstream. 
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Appendix 8-A 

Smolts[2] Adults[10] Totals

5,400 100 110,800

5,130 95 108,419

Smolts Adults

  -- River & Lagoon Releases
  -- Stocked/Reared at SHSRF

  -- River Releases Above RM 9.0
  -- Stocked/Reared at SHSRF

  -- River Releases Above RM 9.0
  -- Stocked/Reared at SHSRF

  -- Lagoon & Ocean Releases 5,130

  -- River Releases Above RM 14.5
  -- Stocked/Reared at SHSRF

  -- River Releases Above RM 14.5
  -- Stocked/Reared at SHSRF

Adults/Kelts

  -- Ocean Releases 95
5,130 95 108,419

Smolts Adults Totals
  -- River & Lagoon (Released) 56,602
  -- Lagoon & Ocean (Released) 5,130 95 5,225
  -- SHSRF(Stocked) 46,592

Totals
2,955

11,722
5,356

Adults/Kelts 0
20,033

Totals
MPWMD
11,821
2,955
43,343
11,722
1,438
5,356
5,130 5,130

95 95
Total Released 81,860 81,860

Yearlings Rescued RM 12.7 to 14.5: [8.5] [9.5] 1,438

1,438
0

Fingerlings Rescued RM 12.7 to 14.5: [6.5] [7.5] 15,761

15,761
0

94,567

27,582

8,627

23,642

11,821
11,821

55,164

27,582

7,189

0
7,189

96,497

94,567

8,803

8,627

MPWMD MPWMD

Adult/Kelts

 MPWMD

Transplanted After Rescue:

Fry-Fingerlings from reach below RM 3.25 

39,403

Young-of-the-YearSummary by Transplant Location:

Less Anticipated Transport Mortality [3]

Yearlings Rescued Below RM 8.5[8] [9] 

Pre-smolts & Smolts Rescued Below RM 8.5:

Anticipated Maximum Annual Rescues, Transplants and Releases of 
Steelhead in the mainstem Carmel River and Lagoon

YearlingsYoung-of-the-YearRescue and Survival to Transplant:

Anticipated Mainstem Rescues[1] 

Fry-Fingerlings Rescued Below RM 3.25:[4],[5]

Fingerlings Rescued RM 3.25 to 8.5:[6] [7]

YearlingsYoung-of-the-Year

14,776

55,066

6,794

Fingerlings from reach above RM 3.25 
Yearlings from reach below RM 8.5 

Summary of Maximum Releases by Life Stage, River Mile and (Transplant Location): [12]

Fry-Fingerlings, below Rivermile 3.25 and (reared @ SHSRF)
Fry-Fingerlings, below River Mile 3.25 and (River & Lagoon Released)

Fingerlings, above River Mile 3.25 and (River Released)
Fingerlings, above River Mile 3.25 and (reared @ SHSRF) 

Pre-smolts & Smolts, below River Mile 8.5 and (Lagoon & Ocean Released) 

Yearlings, above River Mile 8.5 and (River  Released) 

Totals Transplanted

Sleepy Hollow Total

55,164

Yearlings, below River Mile 8.5 and (reared @ SHSRF) 

1,438

7,189

Anticipated Releases from Sleepy Hollow Facility:[11]

Yearlings

146 10/19



Appendix 8-A 
 
 

Anticipated Maximum Annual Rescues, Transplants and Releases of 
Steelhead in the Mainstem Carmel River and Lagoon 

 
Footnotes: 
 
[1] Total number of steelhead rescued depends on the extent of drying reaches, spawning success during 
winter-spring, and the duration and magnitude of spring flows.  For purposes of this application, it is assumed 
up to 9 miles of stream dries up (7.5 from Highway 1 upstream to Robinson Canyon Road Bridge + 1.5 
Between Boronda and Esquiline Rd. Bridges), similar to hydrologic conditions in 1994, 1997, and 2007. 
Based on this assumption and a juvenile [YOY + yearling] population density equal to or less than 11,700 
fish per mile, the maximum number of YOY and yearlings is 96,497 and 8,803, respectively. This is similar 
to maximum juvenile rescue density encountered during 2008.  In addition, variable numbers of smolts and 
adults are anticipated in dry and critically-day waters, for this application smolts and adults were assumed to 
be 5,400 and 100 respectively, based on numbers rescued during Spring 1994 and 2007, and consideration 
of future adult returns.           
[2] Based on number of smolts rescued in 1994 and 2007, but could be higher depending on juvenile 
population levels and magnitude/timing of spring flow recession.      
[3] Based on transport survival of 98% for fry-fingerlings and yearlings, and 95% for smolts and adults  
[4] Assuming 2.25 miles of stream dry up with population density of 10,507 YOY per mile.   
[5] Based on assumptions: initial rescued group 24,124 fry-fingerlings; transport survival of 98%; where 50% 
of the fry released into the Lagoon and 50% are stocked at SHSRF.     
[6] Assuming 5.25 miles of stream dry up with population density of 10,507 YOY per mile   
[6.5] Assuming 1.5 miles of stream dry up with population density of 10,507 YOY per mile   
[7] Based on assumptions: initial rescued group 56,290 fingerlings; transport survival of 98%; where 50% of 
fingerlings are stocked at SHSRF and 50% are released into the upper River.     
[7.5] Based on assumptions: initial rescued group 16,083 fingerlings; transport survival of 98%; where all 
are released into the upper River.           
[8] Assuming 0 to 7.5 miles of stream dry up with population density of 959 yearlings per mile   
[8.5] Assuming 0 to 1.5 miles of stream dry up with population density of 959 yearlings per mile   
[9] Based on assumptions: initial rescued group 7,336 yearlings; transport survival of 98%; all stocked at 
SHSRF.          
[9.5] Based on assumptions: initial rescue group 1,467 yearlings; transport survival of 98%; all released 
upstream of RM 14.5           
[10] The number of kelts is based on assumptions that the adult run in a dry or critically dry year is at least 
500 fish, 20% of the spawning adults survive as kelts, and all of the kelts are blocked from migrating to the 
ocean. Maximum since 2000 has been 27.         
[11] Based on survival at SHSRF from stocking to release, as follows; fry (25%), fingerlings (42.5%), 
yearlings (74.5%), and adults (80%); which equals a combined average survival of 43% across all age classes 
that equals the combined 14 years of historical data for net survival at SHSRF with cooling tower in operation 
throughout 200-day rearing season, or until intake water temperatures drop below 60o F.   
[12] Numbers released from SHSRF based on existing survival during period from June through Jan-Feb; 
survival and numbers reared could be higher if existing temperature and sediment problems at the intake are 
addressed, as outlined in Section 4.2 of this RRMP.       
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9. MONITORING AND EVALUATION OF PERFORMANCE INDICATORS  

Section 1.11 listed and described 17 Performance Indicators for assessing the 11 Performance 
Standards in Section 1.10 of this RRMP.  The following sections describe how the Performance 
Indicators from section 1.11 (Table 1-1 repeated as Table 9-1 below for immediate reference) will 
be monitored and how this information will be used to annually evaluate and adaptively manage 
the rescue and rearing program to meet the Performance Standards.  Monitoring and evaluation 
for addressing in-river and facility rearing operations will be covered under the ESA section 
10(a)(1)(A) permit issued for this program.  
 

Table 9-1 
Annual Performance Standards and the Performance Indicators Used to Demonstrate 

compliance with each of the Standards 
Performance Standard Performance Indicator 
1.10.1 - Legal Mandates:  The program contributes to 
the State CEQA mitigation requirements of the 1990 
Water Allocation EIR (Mintier et al., 1990); including 
to sustain annual recruitment of steelhead young-of-the-
year (YOY) from reaches that annually dry up below 
Esquiline Road Bridge at RM 14.5 

1.11.3.1 - Capture and transport as many as possible of 
the fish exposed to drying conditions in the lower 
Carmel River 
1.11.3.2 - Maximize survival rates in the Facility as 
much as possible, with a goal of matching or exceeding 
in-river survival rates in habitats with continuous 
summer flows in similar geographical areas 

1.10.2 - Conservation of Wild/Naturally Spawning 
Populations: Releases of indigenous wild fish, rescued-
and-reared by the program are sufficiently marked to 
allow statistically significant evaluation of their 
contribution to the rest of the watershed’s natural 
production, and to evaluate effects of the program on the 
three components of the local natural population within 
the program area (i.e., rescued-and-reared in SHSRF, 
rescued-and-relocated then subsequently river-reared, 
and indigenous river-reared fish that were never 
rescued) 

1.11.3.3 - Mark a significant fraction of rescued-and-
relocated, rescued-and-reared, as well as indigenous 
adult and juvenile steelhead with Passive Integrative 
Transponder (PIT) tags to detect them as returning 
adults in succeeding years 
1.11.3.4 - Sustain and potentially increase annual 
recruitment of steelhead YOY from reaches that 
annually dry up below Esquiline Road Bridge at RM 
14.5 

1.10.3 - Life History Characteristics:  Ensure the life 
history characteristics of the natural population are 
unlikely to change as a result of rescuing and rearing a 
portion of the wild fish 

1.11.3.5 - Mark a significant fraction of rescued-and-
relocated, rescued-and-reared, as well as indigenous 
juvenile steelhead with Passive Integrative Transponder 
(PIT) tags to detect them as emigrating smolts 
1.11.3.6 - Produce  rescued-and-reared juvenile 
steelhead which have a size range appropriate for 
healthy wild fish in the Carmel River 
1.11.3.7 – Collect and age scales from returning adult 
steelhead 

1.10.4 - Life History Characteristics: Annual release 
numbers of wild, rescued-and-reared steelhead from the 
SHSRF do not exceed estimated local habitat capacity 
for the reaches where the rescues occurred, and to where 
these fish will be re-released 

1.11.3.8 – Release rescued-and-relocated, and rescued-
and-reared fish into habitats to achieve a net density of 
no more than 2 fish per linear foot 

1.10.5 - Genetic Characteristics: Adults produced from 
the rescue and rearing of wild juvenile fish do not 
exceed an appropriate proportion of the total natural 
spawning population 

1.11.3.9 –  Estimate the percent of the annual steelhead 
run composed of wild river-reared, wild rescued-and-
relocated then river-reared, and wild rescued-and-reared 
at the SHSRF in the annual run 

1.10.6 - Genetic Characteristics: Juveniles rescued-and-
reared by the program are released in the same overall 
area they were rescued from, in order to maximize 
homing ability to the intended return locations 

1.11.3.10 – Release rescue-reared fish from the SHSRF 
into the habitats they were originally rescued from 
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Performance Standard Performance Indicator 
1.10.7 - Operation of the Rearing Facility: The Facility 
is operated in compliance with all applicable fish health 
guidelines, and facility operations standards, protocols, 
and best management practices for steelhead rearing set 
by CDFW and NMFS (CDFW 2012), which are feasible 
to transfer from a hatchery modality and apply to a 
unique wild fish rearing facility 

1.11.3.11 – Comply with all national, regional or State 
standards for fish health and aquaculture practices 
where they are applicable to an otherwise unique fish 
rearing facility utilizing simulated flow-through stream.   
1.11.3.12 – Measure and report total survival over the 
rearing season by approximate age class (Fry to YOY, 
YOY to Yearling/Smolt, Yearling to Yearling+) 

1.10.8 - Operation of the Rearing Facility: Effluent from 
the Facility does not detrimentally affect local 
populations 

1.11.3.13 – Monitor effluent from the Facility to 
document that it meets all receiving water quality 
standards and does not impair local steelhead 
populations 

1.10.9 - Operation of the Rearing Facility: Fish released 
from rearing do not introduce pathogens not already 
existing in local populations, and do not significantly 
increase levels of existing pathogens 

1.11.3.14 – Ensure that releases of wild rescue-reared 
fish do not introduce pathogens to the indigenous wild 
river-reared population 

1.10.10 - Operation of the Rearing Facility: Water 
withdrawals via in-stream water diversion and 
associated facilities do not prevent access to natural 
spawning areas, affect spawning behavior, or impact the 
juvenile rearing environment of local populations 

1.11.3.15 – Ensure water withdrawals are designed and 
conducted to not measurably impair fish passage, flow 
rates past the SHSRF, or habitat quality in the vicinity 
of the Facility 

1.10.11 -  Rescue Operations: Rescue operations using 
minnow seines, backpack electrofishing, or fyke traps 
do not result in enough significant stress, injury, or 
mortality in the rescued fish or natural population that it 
offsets the benefit of the rescues.  Rescues are compliant 
with the California Fish and Game Commission’s 
Anadromous Rainbow Trout Policy No. V-A through C 
(CFGC 2008) and CDFW’s Fish Rescue Policy 

1.11.3.16 - Minimize excessive losses of fish due to 
capture and transport during rescue operations with 
acute mortality less than 1.0% 
1.11.3.17 - Quantify the percentage of rescued fish 
delivered to and reared in the SHSRF which exhibit any 
common symptoms of electrofishing stress, and modify 
operations if necessary to keep the percentage below 1% 

 
The following sections describe how the Performance Indicators from Section 1.11.3 (Table 9-1 
below for reference) will be monitored and how this information will be used to annually evaluate 
and adaptively manage the rescue and rearing program to meet the Performance Standards. 
 
9.1 Plans and Methods Proposed to Collect Data Necessary to Respond to Each 

“Performance Indicator” Identified for the Program 

9.1.1 Legal Mandates 
 
Performance Indicator 1.11.3.1 - Capture and transport as many as possible of the fish exposed to 
lethal drying conditions in the lower Carmel River - An unknown number of fish are not rescued, 
but are stranded after the river front recedes upstream.  This loss represents unknown take 
associated with groundwater pumping that is not mitigated for by the rescue activities.  To 
document this loss, a systematic survey will be conducted of the “leftover” population in specific 
reaches for the first five years of the RRMP. Non-random sampling to date indicates that our rescue 
efficiency exceeds 80% (Table 1-3).  This RRMP anticipates that District staff will begin regular 
surveys by counting any stranded and dead fish in the last remaining pools and pockets of habitat, 
just before a specific stream section dries up, or by conducting rescues in the form of a  multiple-
pass, depletion electro-fishing survey on the last day intended for rescues in that reach that can be 
usmultiple-pass, depletion electro-fishing survey on the last day intended for rescues in that reach 
that can be used to statistically estimate the number of fish that were in the section.  Such 
assessments will be carried out for five years in one to three approximately 100-yard long stream 
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sections selected randomly each year.  The number selected will depend on the pace of rescue 
operations, with more sections being sampled in wet years than in dry years.  For study purposes, 
the 7-mile long river reach between Highway One Bridge (RM 1.09) and Robinson Canyon Creek 
(RM 8.1) will be divided up into twenty-eight, ¼-mile long sample reaches. Within each sample 
reach, an approximately 100-yard section will be chosen that has topography and hydrology 
suitable for installing two block nets, between which multi-pass, depletion electrofishing can be 
conducted effectively. 
 
Depletion Electro-fishing – For the primary approach, the section selected for monitoring will be 
blocked off with nets and multiple passes will be made on the day of, or day after, the last regular 
fish rescue operation. Normally, fish rescue operations include two and usually more passes with 
a seine, an electrofishing unit, or both so this monitoring includes extending the period of time 
spent fishing in the selected section.  To prevent any selection bias, the decision on whether to 
conduct sampling will be made randomly after completion of regular rescues operations in each 
potential ¼-mile sampling section.64

  Once a decision is made to select a site, depletion sampling will continue with a minimum of two 
additional passes as recommended by Riley and Fausch (1992), or until 85% of the projected 
“leftover” fish are captured.   
 
Counting Dead and Moribund Fish – A secondary approach will use methods to count stranded, 
moribund and dead fish will follow protocol outlined in Sykes and Botsford (1986), originally 
designed to estimate salmon escapement from carcass counts.  The selection reaches will be 
sampled by carefully walking along the nearly dry or wet streambed and searching for fish.  Walks 
will begin on the first afternoon of the last fish rescue operation in the section. Surveyors will 
count all steelhead, alive or dead, mark the dead fish with a fin clip and place the fish back into 
the habitat where it was found.  This process will be repeated on three subsequent consecutive 
days with different fin clips on each day.  Each day, all marked and unmarked fish will be counted.  
Following Sykes and Botsford (1986) the captured fish will be described by place of capture, size 
(fork length) and condition (alive, fresh, decayed minus [eyes cloudy, flesh firm], decayed [flesh 
soft], decayed plus [flesh very soft], or skeleton [flesh falling off]).  Data on release location will 
include habitat type (pool, glide, backwater area, run, or riffle), presence/absence of obstructions 
that could trap and conceal a carcass, and status of flow (flow present, streambed recently wet, 
streambed crusted, but wet underneath, or streambed dry underneath cobble layer).  The data from 
this survey will be analyzed using methods outlined by Sykes and Botsford (1986) based on the 
Jolly-Seber method (Seber 1982) and by Bailey (1951) and possibly by the simple two-sample 
Petersen estimator.65  These techniques will yield an  estimate of total population size remaining 
after rescues, similar to the escapement estimates for spawning salmon.

64 Due to potential losses of non-rescued fish to animal consumption, depletion sampling will need to be completed 
during the last rescue day.  For this reason, the determination to proceed with sampling will be made on what staff 
believe will be the next to last day of normal effort, to allow adequate time the following day to set up block nets and 
proceed with as much as a full day of three-pass electrofishing sampling.  Specific circumstances may forestall 
sampling on the selected day, especially when large numbers of steelhead would be placed at risk in areas upstream 
of the sampling station by making a decision to proceed with sampling.     
65 The Petersen estimator as modified by Chapman and outlined by Crawford, Mosey and Johnson (2007) may be 
sufficient for estimating the non-rescued fish population because no recruitment into the population will occur during 
the sampling periods.  However, due to losses (negative recruitment) via animal consumption, a multiple mark-
recapture method may provide a more accurate estimate of the non-rescued population and allow assessment of the 
losses due to animal consumption.  
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Performance Indicator 1.11.3.2 - Maximize survival rates in the Facility as much as possible with 
a goal of exceeding in-river survival rates in habitats with continuous summer flows in similar 
geographical areas - As described in Section 1.10 of this RRMP, survival of fish reared in the 
Facility has varied considerably since 1996 with overall annual survival ranging from 14 to 78%, 
and an overall annual mean of 53%.  While the goal is to maximize survival in the Facility, a 
comparison to natural survival is desired for evaluating performance because the survival of fish 
in the wild is thought to be highly variable and may depend on conditions in the river that also 
affect Facility fish. To develop a survival index as a benefit indicator, the annual overall survival 
percentage and computed instantaneous daily mortality rate for Facility fish will be compared to 
prior historical Facility performance and to survival and mortality indices estimated in perennial 
habitats where the stream does not dry.  
 
MPWMD will continue to cooperate with and partially co-fund (up to 50% or $55,000) the ongoing 
studies by Dr. David Boughton of the NMFS-SWFSC to develop a life history model that predicts 
survival rates for all/most in-river life stages of Carmel River steelhead.  This study began in 2014.  
With three to five years of contiguous data from multiple sampling stations, Dr. Boughton can 
estimate overall survival for various life stages.  The results of this model will be similar to 
Satterthwaite et al. (2009), but specific to the Carmel River run of steelhead.  Once these estimates 
are developed, they can be used as a performance standard with which to compare annual survival 
rates at the SHSRF. 

 
9.1.2 Conservation of Wild/Naturally Spawning Population 
 
Performance Indicator 1.11.3.3 - Mark a significant fraction of rescued and relocated, rescued and 
reared, as well as indigenous adult and juvenile steelhead with Passive Integrative Transponder 
(PIT) tags to detect them as returning adults in succeeding years - PIT tag at least 2,000 each, and 
up to 50% each of the following three groups of wild juvenile steelhead every year: a) those wild 
fish rescued-and-relocated directly upstream, b) those wild fish rescued-and-reared in the SHSRF, 
and c) indigenous wild river-reared steelhead encountered in our fall populations surveys.  The 
maximum percent tagged will depend on the number of fish each year observed in each group, and 
will likely increase as the tagging skills of District staff improve with experience.  Initial training 
has been received from NMFS-SWFSC staff and will be ongoing as part of cooperative studies 
initiated in 2014.  Advice from the NMFS-SWFSC staff, based on their experience with Central 
Coast steelhead, indicates a minimum tagging effort of 2,000 fish per group/type/lot of steelhead 
to be evaluated should produce 20-40 or more adult returns, and adequate juvenile returns to the 
PIT tag arrays.  Juvenile fish from each year’s tagging effort should be detectable both as 
emigrating smolts each year, and as returning adults over the succeeding four years.  The adult 
return PIT tag data, combined with total run size estimated from ongoing DIDSON monitoring, 
can be used to estimate the contribution of each of these three lots of fish to the total estimated 
adult run.  These metrics will be reported in our Annual Mitigation Reports.  However, it is likely 
to take three to five years or more of data collections to gather a meaningful number of tag returns 
to be able to make any statistical comparisons, so the cumulative data will be evaluated statistically 
only in the fifth consecutive Annual Mitigation Report, prior to any renewal of this RRMP and its 
ESA Section 10(a)(1)(A) Permit. 
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Performance Indicator 1.11.3.4 - Sustain and potentially increase annual recruitment of steelhead 
YOY from reaches that annually dry up below Esquiline Road Bridge at RM 14.5 - The numbers 
and population density of steelhead YOY in the lower river that must be rescued each year are an 
index of spawning success and fry recruitment.  As previously shown in Figure 1-2, the population 
density dropped to dangerously low numbers during the 1987-1991 drought years when few to no 
adult, ocean-run steelhead had access to the Carmel River and few adults were able to successfully 
spawn. Since that period, the YOY population density has rebounded and typically ranges above 
5,000 fish per stream-mile in many years (Figure 1-2), when an adequate minimum number of 
adults reach the spawning grounds (~300+ passing SCD, Figure 2-8), such that we assume the 
habitat is likely well seeded with fry.  The absolute numbers of YOY rescued cannot be used as 
the index because a variable portion of the lower river is covered each year.  For the RRMP, tallies 
will be made of the number of YOY rescued in approximately one-mile long reaches extending 
upstream from Highway One Bridge. These tallies will be averaged to yield the annual index with 
confidence limits based on inter-reach variance and the number of reaches. 

 
Each year the index will be compared to the long-term trend in Figure 1-2 and a synopsis will be 
prepared highlighting potential factors associated with departures from the average.  This 
information will be used to assist in recovery planning and monitoring the steelhead population in 
the Carmel River Basin. 
 
The RRMP will also utilize annual multi-pass redd surveys for the river between RM 1 and 14.45 
to establish trends in spawning success within the two reaches from which juvenile steelhead are 
a) rescued on an annual basis (RM 1-9), and b) frequently rescued in drier water year types (RM 
9-14.45).  Restricted access through thick riparian shoreline vegetation, combined with the annual 
patterns of hydrology and the rivers morphology make it infeasible to conduct the standard bi-
monthly pattern of redd surveys needed to quantify spawner/redd abundance and due to these 
constraints we conduct 2+ surveys per year. In addition, data are usually only collected during 
low-flows when conditions are feasible to enter the stream safely.  
 
Both the annual juvenile production index and redd survey numbers are likely to have to be 
evaluated against other confounding factors such as Water Year Type, days the lagoon mouth was 
open for immigration of adults, estimated adult run size, and severe patterns of hydrography, 
among other factors which could have an equal or superior effect on annual juvenile steelhead 
production and redd abundance.  We will work with the staff of the NMFS to develop a better way 
to evaluate these two indices, rather than just interpreting raw annual numbers.  The results will 
be reported in the Annual Mitigation Report prepared for each State Fiscal Year. 
 
9.1.3 Life History Characteristics   
 
Performance Indicator 1.11.3.5 - Mark a significant fraction of rescued-and-relocated, rescued-
and-reared, as well as indigenous juvenile steelhead with Passive Integrative Transponder (PIT) 
tags to detect them as emigrating smolts - PIT tag 2,000 each, and up to 50% each of the following 
three groups of wild juvenile steelhead every year: a) those wild fish rescued-and-relocated directly 
upstream, b) those wild fish rescued-and-reared in the SHSRF, and c) wild indigenous steelhead 
encountered in our fall population surveys.  The maximum percent tagged will depend on the 
number of fish each year observed in each group.   Advice from the NMFS-SWFSC staff, based 
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on their experience with Central Coast steelhead, indicates a minimum tagging effort of 2,000 fish 
per group/type/lot of steelhead to be evaluated should produce 20-40 or more adult returns and 
adequate juvenile returns to the downstream PIT tag arrays.  NMFS-SWFSC has installed one PIT 
array at ~RM 0.5, co-funded by the District, and the District has helped fund installation of another 
array at RM 9.1 (Scarlett Well and the Narrows) and helps NMFS SWFSC operate a third array at 
~ RM 17.5, near the SHSRF. . Juvenile fish from each year’s tagging effort should be detectable 
both as emigrating smolts each year, and as returning adults over the succeeding four years.  This 
PIT tagging effort can identify any potentially harmful differences in emigration timing of each of 
the three groups of wild juvenile fish, and the impact of size at tagging on emigration timing, to 
see if there are any discernable differences between: a) wild indigenous, river-reared steelhead, b) 
wild rescued-and-relocated steelhead, and/or c) wild rescued-and-reared steelhead from the 
SHSRF.  A basic summary of the data collected for this effort will be reported in each Annual 
Mitigation Report.  However, it will take three to five years or more of data collections to gather 
a meaningful number of tag returns to be able to make any statistical comparisons, so the 
cumulative data will be evaluated statistically only in the fifth consecutive Annual Mitigation 
Report, prior to any renewal of this RRMP and its ESA Section 10(a)(1)(A) Permit. 
 
Performance Indicator 1.11.3.6 - Produce rescued-and-reared juvenile steelhead which have a size 
range appropriate for healthy wild fish in the Carmel River – A percentage of fish will be measured 
by the District as they arrive at the Facility, and then measured again prior to release in the fall or 
winter, with a representative sample of fish drawn from each rearing tank or specific section of the 
rearing channel. Special attention will be given to fish entering the Facility that are 178 mm or 
greater. These fish will be measured for length and if incoming fish processing workload allows, 
tagged to determine if the current growth rates at the Facility can be attributed to these larger than 
average fish growing at rates faster than their smaller counter parts. An adaptive approach will be 
implemented if, after a year of status quo operations, it is found that growth rates of Facility fish 
have exceeded acceptable growth rates as determined by NMFS. In this event, feeding practices 
would be reevaluated and modified, as appropriate, prior to the next year of operation at the 
Facility. This approach will allow a minimization and/or avoidance of impacts that may be realized 
to river-reared fish caused by major differences in length compared to Facility-reared fish.   
 
Performance Indicator 1.11.3.7 – Collect and age scales from returning adult steelhead - The 
District has a very limited ability to recover adult scales on an annual basis.  Due to the physical 
characteristics of the river, a Dual-frequency Identification Sonar (DIDSON) monitoring station is 
used in the lower river, in lieu of a physical weir and trap.  Less than five carcasses are observed 
annually in redd surveys, angler effort is very low, and harvest is prohibited.  The District will 
collect scales from any adult steelhead carcass observed and any adult steelhead rescued-and-
relocated.  MPWMD expects these combined efforts to yield less than 5 scales per year, and the 
sample will neither be stratified nor random. These scales will be aged by the District within one 
season of collection to estimate years spent in freshwater or ocean conditions, and the results 
reported in the Annual Mitigation Reports. Scales from adult steelhead collected in the Carmel 
River Watershed have not been assessed since the 1980’s (see graphs and discussion in Section 
2.2.1.1).  Collection and analysis of modern scale data may indicate whether the structure of life 
history patterns interpreted from scale data (i.e., years of freshwater residence before smolt 
emigration and years at sea before adult return) has changed since the 1980’s, potentially as a result 
of SHSRF operations as well as other environmental factors.  The life history patterns deduced 
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from future Carmel River scale collections can also be compared to any data available from Scott 
Creek in the adjacent CCC DPS, which is being collected by the NMFS-SWFSC.  If the structure 
has changed since the 1980’s, or is deemed abnormal on its own or in comparison to other data 
sets, like Scott Creek, it may trigger further evaluations of fish rescue and/or SHSRF operations.  
Interpretation of scale data alone cannot conclusively indicate whether SHSRF program actions 
are the cause of the changes, but will support development of a more accurate life history model 
by the NMFS’-SWFSC, during the first five years  of the Section 10(a)(1)(A) permit.  If the life 
history model is successfully developed, it is likely to be a more valid tool to use in assessing the 
effects of fish rescues and SHSRF operations rather than relying on patterns observed in limited 
amounts of scale data. 
 
Performance Indicator 1.11.3.8 – Release rescued-and-reared, and rescued-and-relocated fish into 
habitats to achieve a net density of no more than 2 fish per linear foot.  It has been the practice of 
the District to do this with all wild rescue-and-reared or wild rescued-and-relocated steelhead since 
the program began.  This is done to try to avoid overloading habitat reaches with rescued fish, so 
that they did not crowd out, or excessively compete with other wild indigenous, river-reared fish 
in their natal waters.  We look at our last year’s fall population densities at the nearest population 
survey site, then release no more additional fish to that river reach than would raise the estimated 
density to a net of 2 fish/foot.  Since our long term average fall population density is ~0.72 
fish/foot, this means we would release rescued or reared fish at a rate of normally no more than 
~1.28 fish/foot.  This guideline was originally based on unreferenced data from other CDFW 
sources in northern California obtained prior to 2006.  Our own data (Appendix Table 2A) shows 
that long term average densities at our 12 sampling sites since 1990 have average densities ranging 
from 0.5 – 1.3 fish/foot, with a one-time peak density of 5.7 fish/foot at one site, in one 
year.  Historic data from 1979 and 1982 data reported by Dettman & Kelley, 1986 (page 55, Figure 
IV-8) indicated they never found more than 2 fish/foot in Lagunitas Creek in Marin County, nor 
in Zyante Creek in Santa Cruz County. 
 
The District will continue to implement the stocking density target of 2 fish/lineal foot of river, 
which would equal approximately 1 fish per 11 square feet (~1 square meter) as most of the lower 
15 miles of the Carmel River generally has a minimum width of 20 feet or more at any flow.  We 
feel this is still appropriate based on the following additional data sources: 
 

1) Arriaga et. al .(2017), whose model suggests that steelhead population densities in 
the Carmel River are likely to top out near 2 fish/foot or 1/square-meter.  

 
2) Thompson et. al. (2012) who looked at mixed species assemblages at 14 sites in the 

upper Salinas River Basin and its tributaries.  Steelhead occurred at 9 sites with an 
average density of 0.12 fish/foot (95% C.I. of 0 – 0.26 fish/foot).  However the 
upper Salinas River has a much wider range of    native and introduced fish species, 
whereas the Carmel River is dominated by steelhead.  Total native fish densities at 
14 sites averaged 1.08 fish/foot (95% C.I. of 0.6 – 2.01 fish/foot). Total combined 
fish density for native and introduced species averaged 1.34 fish/foot (95% C.I. of 
0.31 – 2.36 fish/foot).  Thus it appears up to 2.4 fish per foot might be considered 
normal. 
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3) Grant and Kramer (1990) reported an average territory size for steelhead from 
seven studies of 0.076 square-meters [range 0.010 to 0.258] which equals an 
average of 13.2 fish/square-meter = 1.2 F/square-foot.  Assuming a 20 foot or wider 
stream channel, this means an equivalent linear density of 24 fish per foot, 12 times 
what we are proposing. 

 
The District endeavors to not exceed these re-release stocking densities.  The results of these 
annual parameters will be reported in the Annual Mitigation Reports.   
 
9.1.4 Genetic Characteristics 
 
Performance Indictor 1.11.3.9 – Estimate the percent of the annual steelhead run composed of 
wild river-reared, wild rescued-and-relocated then river-reared, and wild rescued-and-reared at the 
SHSRF in the annual run - This estimate will be developed from total DIDSON or redd counts 
tallied each year, and PIT tag returns as adults from rescued-and-relocated, or rescued-and-reared 
fish handled by the program detected at up to three PIT tag arrays.  The proportional tag return 
percentages of the latter two groups with known initial abundances and tagging ratios can be used 
to estimate the percentage of total DIDSON targets or redds likely to be from those two subgroups.  
Assuming that the remainder of the DIDSON or redd tallies are likely wild river-reared fish, which 
were never rescued, staff can estimate the percentage of the annual run comprised of all three 
groups.  These numbers will be reported in the Annual Mitigation Reports. 
 
Performance Indicator 1.11.3.10 – Release rescue-reared fish from the SHSRF into the habitats 
they were originally rescued from - It has been the practice of the District to do this with all SHSRF 
since 2008, except in 2012 when emergency releases were required and authorized by NMFS and 
CDFW.  This approach has been taken to try to place rescue-reared fish from the SHSRF back into 
the habitat reaches from which they were originally rescued, so that they do not compete with other 
indigenous river-reared fish, and so that they could re-imprint on the most likely general area of 
their natal waters. Fish are released over a two-week, or longer period, into the re-watered reaches 
from which they were originally rescued.  It is important to note that since staff rescues fish from 
the lowermost main-stem river, there is no guarantee they were actually spawned there, since these 
steelhead could have come from anywhere upstream in the watershed.  The release numbers and 
reach locations demonstrating compliance with the Performance Indicators, are reported in the 
Annual Mitigation Reports.  
 
9.1.5 Operation of the Rearing Facility 
 
Performance Indicator 1.11.3.11 – Comply with all national, regional or State standards for fish 
health and aquaculture practices where they are applicable to an otherwise unique fish rearing 
facility utilizing a simulated flow-through stream - Water quality will be monitored and kept within 
the appropriate rearing parameters for steelhead and rainbow trout. MPWMD complies with all 
CDFW aquaculture standards set by the Fish Health Lab in Rancho Cordova, as well as any 
applicable sections of the Policies and Procedures for Columbia Basin Anadromous Salmonid 
Hatcheries (IHOT 1995), the Model Comprehensive Fish Health Protection Program (PNFHPC 
2007), and the California Hatchery Review Report (CDFW 2012), when those standards can be 
appropriately applied to rescued wild fish being reared in a simulated stream, under a naturalized 
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rearing approach.  Any deviations from these standards will be reported in the Annual Mitigation 
Reports. 
 
Performance Indicator 1.11.3.12 – Measure and report total survival over the rearing season by 
approximate age class (Fry to YOY, YOY to Yearling/Smolt, Yearling to Yearling+) - These data 
are developed based on initial intake counts at the Facility on the date that a lot of fish is stocked 
into a rearing area/vessel (Rearing Channel, Rearing Trough, Tank 3, or in rare cases reared in a 
Quarantine Tank), versus the final number of fish released from each area.  We get initial counts 
of each lot of fish after quarantine and take a subset of weights and lengths.  Multiple lots of this 
type are then combined over a number of days or weeks into one Reach of the Rearing Channel, 
until it reaches its target capacity.  These are the initial numbers from which to calculate growth 
or survival.  At the end of the season,  all the fish in the Rearing Channel Reach that were derived 
from multiple lots of fish brought in on different dates over many weeks, even multiple months, 
are recounted and subsets weighed and measured to get  end of season numbers representing these 
multiple lots of fish combined into one Reach.  We make only one initial and one final count for 
survival estimates.  It is essential to understand that the SHSRF is not a hatchery, but instead a 
rearing facility that harbors rescued fish that were collected simultaneously from multiple age 
classes, and multiple spawning events over a period of many weeks to months.  The SHSRF does 
not deal with isolated lots of fish of homogeneous age from separate artificial spawning events, 
therefore it is impossible to precisely estimate either Fry to YOY to Yearling/Smolt survival by 
traditional hatchery methods.  It is also invalid to expect to match survival rates in artificially 
spawned fish reared in isolated lots under optimal conditions in a hatchery.  MPWMD rescues 
stressed fish from the wild in degraded water quality, then grows them in size-segregated but age-
mixed lots in a naturalized rearing channel, exposed to similar water-quality conditions as the wild 
fish in the adjacent stream.  Utilizing the cooling tower, rearing temperatures can be 3o to 10o F 
degrees better than in the adjacent river, yet the average rearing temperature is still 59.4o F.  
MPWMD cannot conduct initial marking (fin clips/tags) of subsamples of each lot of fish reared 
in a specific vessel or reach, nor conduct monthly mark-recapture estimates of survival as 
suggested by NMFS.  Doing so would cause a severe increase in both initial and delayed mortality 
to already stressed fish being rescued from suboptimal field conditions, and because the 
temperatures in July-September in both the river and the SHSRF often exceed the highest 
experimental/research guidelines of 62o F/17o C.  MPWMD will assess net cumulative survival 
and growth at the end of the rearing season, when temperatures are reliably below 58o F/14o C.  If 
temperatures decline below 58o F/14o C early enough in the season, MPWMD will begin monthly 
assessments of growth (Fork Length) and Fulton’s Condition Factor “K” for each lot of fish being 
reared.  This information will be reported in the Annual Mitigation Reports, as it has been in recent 
years.  
 
Performance Indicator 1.11.3.13 – Monitor effluent from the Facility to document that it meets all 
receiving water quality standards and does not impair local steelhead populations - The water 
quality of both the inflow and outflow will be measured for standard water quality parameters 
(temperature, pH, carbon dioxide, dissolved oxygen, conductivity, ammonia, nitrates, nitrites, 
hardness, and turbidity) on a monthly basis to demonstrate that the SHSRF has no net impact on 
the adjacent river.  We’ll measure water quality with a YSI multimeter for pH, Temperature, 
Conductivity and Dissolved Oxygen.  The other parameters will be measured colorimetrically with 
a Hach kit designed for aquaculture parameters.  Both river inflow above the SHSRF and in the 
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outlet channel’s receiving water pool will be tested monthly. Due to the nature of the Rearing 
Channel design that includes natural cobble, aeration and filter chambers filled with substrate 
hosting natural bacteria in every pool, and volcanic rock acting as an additional filter in the three 
final bays of the outlet channel, the effluent from the SHSRF has been demonstrated to often be 
of better quality than the inflow on most parameters, and no worse on any of them.  The Quarantine 
Tank effluent is discharged to a separate ozonation treatment system, monitored for concentration 
of formaldehyde, and not released until it meets discharge specifications.  The data are provided 
the Central Coast Regional Water Quality Control Board (CC-RWQCB) on an annual basis.  Based 
on our annual reports, the CC-RWQCB has continued to issue the SHSRF a General Waiver for 
Specific Types of Discharges in 2008 and 2014 (Appendix 4-E).  MPWMD will report annual 
water-quality parameters measured for the SHSRF in the Annual Mitigation Reports. 
 
Performance Indicator 1.11.3.14 – Ensure that releases of wild rescued-and-reared fish do not 
introduce pathogens to the indigenous wild river-reared population - Fish throughout the rearing 
facility will be observed twice every day during feeding for external lesions and any abnormalities 
related to pathogens.  If pathogens are observed then CDFW and NMFS will be notified and a 
sample portion of fish exhibiting illness will be intentionally culled for a necropsy.  No fish with 
any externally visible indications of disease will be released under any circumstances.  They will 
instead be euthanized, frozen and provided to the aforementioned NMFS and CDFW approved 
pathologists. It is worth noting that SHSRF fish are almost always, except for emergency releases, 
placed downstream of the majority of the indigenous population of steelhead in habitat that has 
only recently been re-wetted.  Therefore, there is not a large amount of initial overlap or mixing 
of wild rescued-and--reared fish with the indigenous wild river-reared fish.  Annual reports of fish 
health inspections, necropsies, and any disease outbreaks will be provided in the Annual Mitigation 
Reports.   
 
Performance Indicator 1.11.3.15 – Ensure water withdrawals are designed and conducted to not 
measurably impair fish passage, flow rates past the SHSRF, or habitat quality in the vicinity of the 
Facility - The SHSRF has a 3/32 inch wedge-wire screen for its intake, placed in a small natural 
pool.  It is cleaned daily, and meets steelhead fry screening criteria.  The maximum intake rate is 
2 CFS, which is commonly no more than ~40% of the low-season flows in most years, and has 
been at worst ~66% of the low flows for a few months in two of the driest years.  The intake will 
not operate at flows below 4 CFS, to prevent diverting more than 50% of the river flow in the 
future.  Additionally, the Facility’s outflow is returned to a natural river pool just downstream of 
the intake that backwaters habitat naturally to within less than three feet of the intake, such that 
the net impact of the SHSRF affects the river’s flow for less than one foot over the cobble sill that 
separates the two pools.  The diversion has no net effect on river flows, fish passage, or habitat 
volume.  As mentioned for Performance Indicator 1.11.3.13, above, monthly water quality 
monitoring above the facilities intake and at the facility’s outlet will also address this Performance 
Indicator.  A SHSRF raw water intake retrofit was designed in 2015 for planned construction in 
2018. The redesign includes a full Recirculating Aquaculture System (RAS) at the request of 
NMFS.        
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9.1.6 Rescue Operations 
  
Performance Indicator 1.11.3.16 - Minimize excessive losses of fish due to capture and transport 
during rescue operations with acute mortality less than 1.0% - At capture, all fish are placed into 
five-gallon buckets and monitored, until they are placed into the transport tanks.66  Water 
temperature, airstones, and low denisties will be monitored in the field to prevent excessive 
mortality. During this period, any moribund or dead fish are set aside and tallied separately from 
the live fish.  At delivery to the Facility or release into the river, the transport tank is carefully 
examined for moribund or dead fish and these are added to mortality tallies for the day, according 
to age-size classes including YOY, older juveniles, smolts and adults. 
 
Any rescue days with mortality exceeding the 1% limit are reviewed at the time to determine any 
potential problems associated with high temperatures, low dissolved oxygen, high dissolved 
carbon dioxide, overcrowding during transport, excessive electrical field strength during rescue, 
abrasion or trampling.  Based on this daily review, operations are adjusted to correct any problems 
and to help ensure high survival of rescued and transported fish. Total initial rescue mortality will 
be reported in the Annual Mitigation Reports, and any days with initial mortality over 1% will be 
identified and discussed.   
 
Any unintentional mortalities observed each day will be bagged, labeled with the general reach of 
origin, and frozen for delivery to the NMFS-SWFSC or alternative location determined by the 
NMFS at the end of the rescue season.   
 
Performance Indicator 1.11.3.17 - Quantify the percentage of rescued fish delivered to and reared 
in the SHSRF which exhibit any common symptoms of electrofishing stress, and modify 
operations if necessary to keep the percentage below 1% - The percentage of fish rescued by 
electrofishing versus minnow seines varies widely, and it is not feasible to precisely quantify as 
both methods are often used in conjunction with one another in the same reach or on the same day.  
MPWMD believes approximately half the rescued fish could be at risk for some electrofishing 
stress, and have the potential to exhibit initial symptoms such as surface-tissue discolorations 
(branding) and immediate spinal injuries during rescues, or long-term symptoms of scoliosis 
during rearing.  Daily tallies of any evidence of electrofishing harm will be recorded in the field 
log books.  Any evidence of effects seen in quarantined fish being transferred into the main Rearing 
Channel at the start of the rearing process, and in fish being readied for release at the end of the 
season will also be tallied.  The raw tallies of these symptoms will be reported in the Annual 
Mitigation Reports, as well as the percentage they comprise of rescued or released fish each year.  
MPWMD expects these observed effects of electrofishing to occur in less than 1% of the steelhead.  
When judging the relative importance of these potential impacts, it is essential to keep two key 
points in mind: a) fish are being rescued from suboptimal flow and water-quality conditions where 
they are already stressed by other factors, and b) this is not an optional research program, but rather 

66 Experience since 1996 has shown that annual rescue mortality averages 0.64% for all rescue groups and ranges from 
zero to 1.57% (see Figure 1-3, Historical Performance Indicator 1.11.3.16).  For the purpose of this performance 
indicator, the RRMP anticipates minor levels of mortality, especially considering the poor environmental conditions 
prevailing during typical rescues.  Therefore, the standard for this indicator was set to 1%, which is equivalent to the 
upper limit of the 95% of the confidence band of the program’s historical mean, and represents the upper quartile of 
the data range. 
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a mitigation rescue program, where any fish that fail to be rescued will die as the river dewaters.  
 
9.2 Indicate whether Funding, Staffing, and Other Support Logistics are Available or 

Committed to Allow Implementation of the Monitoring and Evaluation Program: 

The existing MPWMD staffing and funding are marginally sufficient to carry out all of the 
monitoring outlined in the above paragraphs, except perhaps during years when rescue activities 
extend over a protracted period of time, years when the river dries back so quickly that the rate of 
rescues precludes stopping to do studies or evaluation, or years when unusually large numbers of 
fish must be rescued.  During these years, additional staffing or a one-time contract may need to 
be issued to complete electrofishing surveys or carcass counts (Section 9.1.1) or determine natural 
survival rates (Section 9.1.2).  It is expected that MPWMD may need to add one full-time Fisheries 
Technician to the staffing team, once the final Section 10(a)(1)(A) Permit is issued, but that will 
depend on the specifics of the actual permit, and experience gained with the first year’s effort to 
execute the studies. 
 
9.3 Indicate Risk-Aversion Measures that will be Applied to Minimize the Likelihood for 

Adverse Genetic and Ecological Effects to Listed Fish Resulting from Monitoring and 
Evaluation Activities: 

The following risk-aversion measures will be incorporated into the monitoring plans and activities: 
 
In-River monitoring and rearing Facility monitoring activities will use best management practices 
to reduce injury and mortality on listed SCCC-DPS steelhead.   
 
When monitoring rearing Facility populations, great care will be taken at reducing the number of 
disturbances the Facility undergoes; thereby reducing fish stress and susceptibility to disease.  
Rescued-and-reared fish will be sampled prior to release to quantify growth, check for disease, 
and  up to 2,000 will receive a PIT tag.     
 
Fish will be marked as part of survival studies to determine program performance.  Fish are 
anesthetized to reduce handling mortality and stress, and tagging is performed when fish are not 
undergoing substantial stress.  Juvenile steelhead will be anesthetized either with carbon dioxide 
released by being placed briefly in a solution of “Alka-seltzer Gold” (potassium and sodium 
bicarbonate) in a 5-gallon bucket, made from one half tablet per 4 gallons of water, adjusted 
accordingly for optimum quantity needed for proper anesthesia (e.g., Alka-Seltzer dissolved in 
stream water at a concentration of approximately 600 mg/L under typical conditions).   
  
Adults will be observed in a manner that reduces or eliminates interactions with live fish or redds 
(i.e. DIDSON).  Live adults are observed during rescue-and-relocation operations, and when 
carcasses are recovered in-stream; surveyors are careful not to step on redds.   
 
Negative effects of take upon listed SCCC steelhead will be minimized by utilizing noninvasive 
data collection whenever possible.     
 
 

• The minimum number of fish needed for PIT tagging to obtain statistically significant 
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adults returns will be utilized (2,000 for each: rescued-and-reared and rescued-and-
relocated.). 

• Collection will be conducted so as to leave the habitat as undisturbed as possible.  
 

Temperatures in the SHSRF’s Rearing Channel are maintained below ambient environmental 
temperatures, and closer to optimal rearing temperatures year round, by the use of a commercial 
cooling tower that can reduce ambient river temperatures by up to 10 degrees F.  This reduces 
stress and disease in reared fish.  No experimental manipulation of SHSRF fish will occur until 
water temperatures are below 58 degrees F. 
 

160 10/19



10. RESEARCH  

The RRMP and Facility are unique in design, operation and located along the southern edge of the 
steelhead range.  This provides opportunities for conducting research, particularly in regards to 
how water temperature affects the growth, survival, stress levels and disease susceptibility of wild 
steelhead held in captivity.  Based on the Facility’s unique design, operation and location, this 
RRMP also includes descriptions of potential research projects which could be conducted by other 
parties in direct association with the Facility, with an emphasis to improve survival of steelhead 
in freshwater habitats.  Estimated take levels for the following Priority Research Projects are 
tabulated in Table 2-1 (Section 2) and all sampling included within the scope of these projects will 
be conducted in compliance with NMFS Electrofishing Guidelines to minimize the risk of injury 
or immediate mortality.  
 
10.1 Priority Research Topics and Projects Specific to RRMP Compliance: 

The following projects are designed to evaluate and potentially improve the performance of the 
RRMP as measured by the performance indicators outlined in Section 1.  The studies outlined in 
Sections 10.1.1-10.1.4 cannot all be conducted at the same time in the same year, due to the limited 
number of rearing channel segments to utilize as treatment/control groups.  These efforts will have 
to occur over a period longer than the first five-year ESA Section 10(a)(1)(A) Permit.  NMFS and 
CDFW will have to prioritize which parameters are most important for the District to investigate 
first: 
 
10.1.1 Temperature Regimen and Epizootic Outbreaks of Disease: 

Several studies have examined the effects of thermal regimes on population parameters including 
respiration, growth, mortality and reproduction (Dickson and Kramer 1971, Hokanson, et al. 1977, 
Van Winkle et al. 1997, and Railsback and Rose 1999).  These studies examined the direct 
sublethal and lethal physiological effects of temperature and provide important insight into optimal 
or preferred ranges of water temperatures for juvenile steelhead.  Yet, in the captive population of 
juvenile steelhead at the Facility, the effect of increasing temperatures within the tolerable range 
for steelhead may correlate to increased disease susceptibility and higher than normal mortality.  
Previous studies of disease and temperature interaction highlight the importance of increasing 
temperature on epizootic outbreaks of Flexibacter columnaris and increased susceptibility of 
steelhead to disease organisms as temperatures increase (Fryer and Pilcher 1974; Holt et al. 1975; 
Fryer, et al. 1976; and Materna 2001).  The purpose of this research is to correlate the risk of 
disease outbreaks in the Facility with the naturally occurring range of thermal exposure in terms 
of duration and magnitude of water temperatures.  The thermal regimen in the Facility and nearby 
river locations are tracked on an hourly basis with continuous temperature sensors and data 
loggers, and the mortality rate of the captive steelhead population is monitored on a daily basis in 
the Facility.  Thermal conditions will not be manipulated for this study, but will instead rely on 
the correlation of outcomes with naturally occurring conditions during each rearing season.  This 
information provides an opportunity to conduct correlative research on the relationship between 
thermal exposure and the incidence and severity of disease outbreaks.  For this project, mortality 
rates will be compared to indices of thermal exposure with the goal of developing one or more 
exposure thresholds, above which the risk of disease outbreaks increases to epizootic proportions.  
The results of this project will be useful in planning for a prior application of salt treatments, or 
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other means, to reduce prevalence of disease organisms.  For this project, current data on daily 
mortality rates will be supplemented by conducting rapid health checks of a subsample of already 
moribund fish noted in daily mortality checks, examining them specifically for presence/absence 
of Ichthyophthirius multifiliis, Flexibacter columnaris and Saprolegnia sp. 

 
The methods for developing thermal indices will follow the rational for dose-response experiments 
or thermal stress models where the magnitude and duration of temperatures above preferred ranges 
are accumulated over time (Bevelhimer and Bennett 2000).  For this research, the preferred range 
for steelhead will follow results from Hokanson, et al. (1977) and Dickson and Kramer (1971) that 
indicates 16-18° C (61-64o F) is the optimal range for growth.  For planning purposes, the 
anticipated evaluation totals 600 fish, assuming the rapid health checks are completed on ten fish 
per day for 60 days.  However, this does not constitute any additional take beyond what is already 
occurring and authorized for rearing mortality, since the moribund fish that will be utilized, will 
already be accounted for in the mortality reported for rearing, and are already factored into the 
take estimates for annual facility operations.  

 
10.1.2 Escape Cover and Survival: 

Population density in the rearing components at the Facility is approximately an order of 
magnitude higher than the maximum densities observed under natural conditions (Satterwaithe 
2009).  This creates a high potential for intraspecific competition and predation amongst juvenile 
fish from wild parentage.  The goal of this research is to manipulate cover components in the 
rearing channel and troughs in a way that maximizes fish survival.  To accomplish this goal, 
sections of the rearing channel will be stocked with equal densities of juvenile fish, and with and 
without escape cover elements, including woody debris, and large boulders.  Within each 
treatment, mortality rates, growth rates, and net production will be estimated over a period of 50 
days by subsampling marked fish in the population within each rearing component at 10-day 
intervals with dip-nets and small seines.  After 50 days, the population parameters will be 
compared across the treatments to evaluate the contribution of escape cover.  For planning 
purposes, the anticipated non-lethal take totals 600 fish, assuming that 30 fish are sampled every 
ten days for 50 days with two treatment sections and two controls.  The estimated lethal take level 
for these experiments is unknown, but is being conservatively estimated as up to 10% or 60 fish.  
These experiments will only be conducted when rearing channel temperatures are below 61o F/16o 
C to avoid excess handling mortality.  If NMFS wants to reduce the lethal take associated with 
these experiments, then they can reduce the temperature limit for handling to 58o F/14o C, and 
MPWMD believes that lethal take can be reduced to 5% or 30 fish.  A 61o F/16o C temperature 
criteria can be achieved in most years after September 1st, whereas a 58o F/14o C criteria cannot 
likely be achieved until late September to early October, limiting the opportunity to conduct the 
research (see Section 4.1.7, Table 4-2 and Figures 4-6, 4-7, 4-8). 
  
10.1.3 Stocking Density and Survival  

The goal of this research is to manipulate stocking densities in the rearing channel to test the effects 
of crowding on either “accounted for” or “unaccounted for” mortality.  To accomplish this goal, 
different sections of the rearing channel will be stocked with increasing densities of juvenile fish 
such as 500 / 1,000 / 2,000 / 4,000 per bay.  A sub-sample of fish will be weighed and measured 
from each group before stocking.  At the end of the season, fish from each group will be counted, 
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and a subsample weighed and measured. Survival and condition factor will be compared to the 
density of stocking.  The estimated lethal take level for these experiments is unknown, but is 
expected to be higher in the more densely stocked bays. 
 
10.1.4 Small Scale Thermal Refuges and Survival 

Juvenile steelhead often seek refuge in cool portions of coastal streams, probably as a way to 
minimize energy expenditure and maximize growth potential (Nielsen, Lisle, and Ozaki 1994; 
Baigun 2003a and 2003b; Kaya, Kaeding and Burkhalter 1977; Ebersole, Liss and Frissell 2003).  
The purpose of this research is to evaluate the feasibility and contribution of small scale thermal 
refuges, as a means to increasing annual survival of juvenile steelhead in the rearing channel.  For 
this project one of the habitat units in the rearing channel will be fitted with a small-scale chiller 
(3 to 6 HP) and chilled water will be continuously circulated through an appropriate section of the 
gravel fill in the channel.  The behavioral response of fish will be tested with the chiller during 
weekly on and off periods between June and September to determine whether fish react to chilled 
cool spots and preferentially use microhabitats associated with cool spots in or under the cobble.  
Initial measurements of average size and condition factor will be made of subsamples of fish after 
quarantine as they are initially placed into the rearing channel.  The aforementioned initial handling 
and non-lethal take, and any delayed mortality resulting from handling are already included under 
the base take allocations for regular SHSRF operations, and do not constitute additional 
handling/take related to this study.  Once the water temperatures decline to below 58o F/14o C 
throughout the rearing channel (likely October), the test fish will be resampled to determine 
average size, numbers and condition factor, and these same three parameters will be compared to 
similar measurements from the adjacent upstream and downstream habitat units.   The results of 
this experiment will indicate whether survival, growth or condition factors were better for fish 
reared with access to small scale thermal refuges.  For planning purposes, the anticipated non-
lethal handling take totals 600 fish, assuming that 50 fish are sampled at the beginning and end of 
the observational period with two treatment sections and four control sections. The estimated 
mortality level for these experiments is unknown, but is being conservatively estimated as up to 
5% or 60 fish. 
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Annotation Document Reflecting Updates since Submission of RRMP 

Section 1: General Program Description 
Global Annotations 
• The Facility has operated and reared steelhead during 2013 and 2016. The Facility was not 

operated during 2014 and 2015 due to low flows caused by the drought. The Facility was 
also non-operational in 2017 due to beneficial water conditions in the mainstem negated the 
need for steelhead mainstem rescues. Rescues did occur in the tributaries and rescued fish 
were relocated to the confluence with Carmel River. During the 2018-2019 season the 
Facility will remain non-operational to undergo construction to upgrade the water intake 
system. 

Annotations by Section 
• Page 10 - Table 1-3 Annual Steelhead Rescue Efficiency Estimates Available To-Date 

with new data for 2013 – 2015 

Table 1: Annual Steelhead Rescue Efficiency for 2013-2015 

Year Sample 
Date 

Number of 
fish rescued 

in reach 

Number of 
rescue 

passes in 
reach 

Number of 
fish 

estimated to 
remain in 

reach 

Rescued 
efficiency 

2013 7/10/2013 1191 3 239 83 
2014 7/30/2014 149 5 23 87 
2015 8/27/2015 123 3 8 94 

175 10/19



• Page 11 - Table 1-4 Sleepy Hollow Steelhead Rearing Facility: Operation and Fish 
Rearing Summary with new data for years 2013 – 2017 
o Facility was non-operational in 2014 – 2015 because drought caused low flows in the 

Carmel and there was not enough water to run the Facility. In 2017, there was limited dry 
back in the mainstem Carmel River and the Facility was not needed and was therefore not 
operated.  

Table 2: Sleepy Hollow Steelhead Rearing Facility: Operation and Fish Rearing Summary 

Year Operating 
Days 

Number 
Stocked Mortality Number 

Released Percent Survival 

1996 106 525 136 389 74.1% 
1997 197 4526 1729 2797 61.8% 
1999 218 11868 10277 1591 13.4% 
2001 224 20662 13644 7018 34.0% 
2003 166 28336 15601 12735 44.9% 
2004 216 16249 9355 6894 42.4% 
2005 236 24457 10546 13911 56.9% 
2006 
2008 

205 
282 

16418 
46635 

9269 
31914 

7149 
14721 

43.5% 
31.6% 

2007 239 10846 8066 2780 25.6% 
2009 136 12759 4084 8800 69.0% 
2010 96 1957 273 1684 86.1% 
2011 81 1685 292 1393 82.7% 
2012 147 7417 2076 5341 72.0% 
2013 135 23678 13682 9996 42.2% 
2016 170 407 56 351 86.2% 

Totals 2854 228425 131000 97550 42.7% 
Mean 

Annual 178 14277 8188 6097 54.2% 
 

• Page 16 – Performance indicator 1.11.3.9 – Estimate the percent of the annual 
steelhead run composed of wild river-reared, wild rescued-and-relocated then river-
reared, and wild rescued-and-reared at the SHSRF in the annual run –  
This estimate will be developed from returning PIT tagged adults. The proportional tag 
return percentages with known initial abundances and tagging ratios can be used to 
estimate the percentage of each group. 

• Page 13 - Figure 1-2 Population Rescue Index in the Mainstem of the Carmel River 
with new data for 2013 – 2017  
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• Page 13  - Table 1-5 Performance Indicator 1.11.3.4 young-of-the-year Production 
index in Lower River with new data from 2013 – 2017  

 

 

Figure 1: Population Rescue Index in the Mainstem of the Carmel River 2012 - 2018  

Table 3: Number of Young-of-the-Year Steelhead Rescued from Drying Reaches of the Carmel River (mainstem only) 

Year MPWMD Totals Miles Rescued Rescued Index 
(no/mi) 

2013 7,365 7,365 6.2 1,188 
2014 41,893 41,893 7.5 5,585 
2015 596 596 7.7 78 
2016 2,231 2,231 10.0 223 
2017 425 425 6.7 64 
2018 1,396 1,396 7.3 192 

 
• Page 17- Performance Indicator 1.11.3.14 – Ensure that releases of wild rescue-

reared fish do not introduce pathogens to the indigenous wild river-reared 
population. SHSRF fish are almost always, except for emergency releases, placed 
downstream of the majority of the indigenous population of steelhead in habitat that has 
only recently re-wetted. Therefore, there is not a large amount of initial overlap or mixing 
of our wild rescue-reared fish with the indigenous wild-river reared fish.  Fish will be 
tested for disease prior to release in all normal settings.  See Section 8 for more 
information.  

• Page 19 - Figure 1-3 Performance indicator 1.11.3.16 Rescue/Transport Mortality 
with new data from 2013 – 2017  
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Figure 2: Steelhead Rescue and Transport Mortality  

• Page 18 – Performance Indicator 1.11.3.15: Ensure water withdrawals are designed 
and conducted to not measurably impair fish passage, flow rates past the SHSRF, or 
habitat quality in the vicinity of the Facility: Construction of the raw-water intake 
retrofit at the SHSRF begin construction in summer 2018. Construction is anticipated to 
be completed in 2019.  

• Page 24 – Table 1-7: Life Stages and Anticipated Maximum Numbers of Steelhead 
Rescued and Released (No Rearing) or Rescued, Reared and Released: See Table 2-
1. 

• Page 25 – Current SHSRF Program Performance, Including Estimated Fish 
Survival Rates, Adult Production Levels, and Escapement Levels:  Summary of 1996 
–2017 SHSRF Fish Stocking and Releases – Since construction in 1996, the District has 
final operational data for the Facility during 16 rearing seasons (Table 1 – 7). Reports for 
the Facility and files on record for 1996 – 2017 show the District stocked 228,425 
juvenile fish during this period and released 97,550 with release numbers ranging from a 
low of 389 in 1996 to 14,721 in 2008. The operational periods ranged from 106 days in 
1996 to 282 in 2008. Annual survival averaged 54.2% and ranged from a low of 13.4% in 
1999 to 86.2% in 2016, whereas overall survival combined across all years was 42.7%. 
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Annotation Document Reflecting Updates since Submission of RRMP 
Section 2: Program Effect on NMFS ESA-Listed Salmonid Populations 
Global Annotations 
• None.  

Annotations by Section 
• Page 42 – Figure 2-8 Historical Counts of Adult Steelhead Passing Over San Clemente 

Dam: Added the years 2013-2015.  In 2015, the ladder and dam was removed. 
 

 
Figure 1: Historical Counts of Adult Steelhead Passing Over San Clemente Dam from 1954-2015 

• Page 43 – 2.2.2.3 Provide the Most Recent Annual Spawning Abundance Estimates, or 
any Other Abundance Information. Indicate the Sources for the Data: Over the last 
twenty-two years, the annual lineal density of the juvenile population averaged 3,769 fish per 
mile (fpm) of stream.  With the removal of SCD ladder, there are no adult estimates to 
update.  
 

• Page 44 – Figure 2 - 9 Annual Average Juvenile Steelhead Population Density in the 
Carmel River below Los Padres Dam, with updated data from 2013 – 2017  
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Figure 2: Carmel River Juvenile Steelhead Population Density from 1973-2017. 
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• Page 49 – Appendix 2-A Annual Carmel River Juvenile Steelhead Population Survey 
with updated data through 2017 

 
Figure 3: Annual Carmel River Juvenile Steelhead Population Survey 
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Annotation Document Reflecting Updates since Submission of RRMP 
Section 3: Relationship of Program to other Management Objectives 
Global Annotations 
• None.  

Annotations by Section 
• Heading 3.1: Actually refers to the final recovery plan for S-CCC steelhead.  The word “draft” in the 

heading is a typo.  
 

• Section 3.6 Relationship of RRMP to Habitat Protection, Means and Constraints to Minimizing 
R&R Activities, While Providing a Domestic Water Supply from the Monterey Peninsula 
Water Resource System: In addition to the text in the RRMP.  On December 8, 2018, NMFS 
completed a formal section 7 consultation on its action of entering into the proposed MOA among 
CAW, NMFS, and the California State Coastal Conservancy. The Parties entered this MOA in order 
to further the conservation and recovery of S-CCC steelhead. The proposed MOA succeeded earlier 
agreements with the same purpose concluded in 2001 and 2009. The MOA includes an agreed upon 
set of activities for CAW to operate for the next six years (2017 to 2023) in a way that reduces 
impacts to S-CCC steelhead while CAW undertakes actions to eliminate unauthorized diversions 
from the Carmel River, with the goal of terminating all unauthorized diversions from the river by 
December 31, 2021. This action directly relates to the RRMP because CAW was given ESA take 
coverage for the steelhead that are not able to be rescued and ultimately die from desiccation, 
predation or water quality. The programmatic biological opinion analyzed the effects of the MOA 
activities and concluded NMFS’ signing of the MOA and thus, implementation of the MOA, would 
not jeopardize the continued existence of S-CCC steelhead, nor adversely modify or destroy their 
critical habitat. 
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Annotation Document Reflecting Updates since Submission of RRMP 
Section 4: Water Source 
Global Annotations 

• See Raw Water Intake and Water Supply System Upgrade write-up in Section 5: 
Facilities. 
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Annotation Document Reflecting Updates since Submission of RRMP 

Section 5: Facilities 
Global Annotations 

• Raw Water Intake and Water Supply System Upgrade 

In 2018, the District was awarded a grant from the State Coastal Conservancy which provided 
approximately 90% of the funding necessary to construct the Raw Water Intake and Water 
Supply System Upgrade for the Facility. The Project involved improving the Facility’s water 
supply intake as well as installing a water recirculation (or reuse) system. Improvements to the 
water supply intake were needed to address existing maintenance issues, operational constraints, 
increases in sandy bed load and to provide greater instream intake screen reliability. The addition 
of an intake water reuse system will allow for the facility to operate when river flows fall below 
4 cfs and/or when the sediment load is extraordinarily high. The Project also improves facility 
efficiency by removing the need for repumping from the cooling tower. Installation of a partial 
water reuse system addresses the challenges of limited intake water quality and quantity at the 
facility. 
The river water intake pump station consists of two submersible non-clog pumps installed in a 
concrete wet well, with each pump sized to provide the total desired flow of 1,350 gpm. Two 
pumps are installed to provide redundancy in the event that the primary pump goes out of 
service. The pump station wet well was relocated to the top of the bank, to allow for easier 
maintenance during river flows greater than 1,000 cfs, and to coincide with the relocated intake 
screen. Pumps are installed on a slide rail system for easy retrieval when service, maintenance, or 
replacement is required. A valve vault is located next to the wet well, with an isolation valve, 
check valve, and pressure gauge for both discharge lines. River water is conveyed from the 
intake screen to the wet well via a 16-inch-diameter pipe. A gate or valve is installed on the end 
of the 16-inch-diameter pipe inside the wet well to allow for dewatering and maintenance. 

The river water intake pumps is sized to deliver flow directly to the cooling tower. Pipes and 
valves are installed to allow operators to direct the river water to the reuse pump station when 
desired due to high sediment load or other river conditions. This allows the option of receiving 
flow that would settle and be filtered before being re-pumped to the cooling tower. The river 
water pumps (either operating alone or in unison with the reuse pump station) typically need to 
deliver between 810 gpm and 1,350 gpm depending on level of reuse. Alarms are activated in the 
event of pump motor temperature exceedance, motor seal leakage, low wet well water level, or if 
the pump is running with zero flow at the flow meter. 

Treatment of water includes the following; solids filtration, cooling, dissolved gas conditioning, 
and pathogen disinfection. Sediment settling uses the existing sand separator with the addition of 
a sediment settling basin. The settling basin is 13 feet wide, 35 feet long, and 5 feet deep. With 
the addition of the settling basin, the reuse sump also includes a chamber for raw river water 
settling and filtering prior to using the reuse pumps for repumping river water. To control solids 
so that UV transmissivity is increased, water is filtered in a microscreen filter with 30-micron 
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screen media. The the system is designed to capture 40% of the solids and controlling TSS to 
less than 10 mg/L during moderate river stages. 

The existing cooling tower will continue to cool the water and be used to increase dissolved 
oxygen levels and reduce dissolved carbon dioxide levels. The existing cold well was removed 
and backfilled with native rock and soils. To improve system efficiency, the cooling tower was 
raised by approximately 8 feet and a new elevated headbox was constructed to receive cooling 
tower flows before discharging to the rearing channel. The headbox consists of a raised water 
tank with the bottom elevation about 5 feet above the ground, and is used for collecting 
oxygenated water and distributing flow. The facility will have the ability to disinfect water with 
UV irradiation. A UV dose of 30,000 micro-watt seconds per square centimeter will be used to 
reduce most common fish pathogens. 

Construction of the new intake system began in summer 2018, and is anticipated to be completed 
in 2019. 
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Annotation Document Reflecting Updates since Submission of RRMP 

Section 6: Fish Rescue, Capture, and Transport Protocol 
Global Annotations 

• None 
Annotations by Section 

• Page 141 – Figure 6-1 Number of Steelhead Rescued from the Carmel River by age Group, 
Rescue Years 1989 – 2018 

Table 1: Number of steelhead rescued from Carmel River by age group from 1989-2018. 

 

AGE GROUP TOTALS BY AGE GROUP PENCENTAGE BY AGE GROUP

Young-of-the-year 397553 91.44%
Juveniles 25951 5.97%

Smolts 7759 1.78%
Adults 160 0.04%

Mortalities 3362 0.77%
TOTALS 434,785

1989 - 2018
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• Page 151 – Table 6 - 4 Number of Steelhead Rescued from the Carmel River 1994 - 2018 

Table 2: Number of steelhead rescued from the Carmel River from 1994-2018. 

 

Year YOY Yearlings Smolts Adults Total
1994 4633 4023 5262 45 13963
1995 7524 977 0 0 8501
1996 7616 302 0 3 7921
1997 18812 239 749 11 19811
1998 3143 55 0 0 3198
1999 11991 177 0 1 12169
2000 7536 101 0 0 7637
2001 38473 521 0 1 38995
2002 41880 607 29 3 42519
2003 50994 614 33 7 51648
2004 24228 1132 348 4 25712
2005 34109 1213 1 0 35323
2006 19119 1647 0 2 20768
2007 17729 4380 264 27 22400
2008 98963 159 1 6 99129
2009 14013 859 0 0 14872
2010 3559 299 0 0 3858
2011 1670 81 0 0 1751
2012 7394 765 0 0 8159
2013 41893 650 0 13 42556
2014 596 2341 0 8 2945
2015 2231 244 0 30 2505
2016 425 239 0 0 664
2017 0 3 0 0 3
2018 1396 1383 0 1 2780

Number of Steelhead Rescued from the Carmel River 1994-2018
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Annotation Document Reflecting Updates since Submission of RRMP 
Section 7: Rearing of Rescued Steelhead 
Global Annotations 
• None.  

Annotations by Section 
• Page 167 – Section 7.5 Fish Health Maintenance and Monitoring, Disease Treatment, and 

Sanitation Procedures: Pre-release inspection by CDFW will occur before any non-emergency 
release.  A representative sample of fish from each of the rearing bays will be culled and sent to 
CDFW for inspection. The evaluation and confirmation that fish are free of diseases must be 
completed with appropriate documentation, which is now feasible given that the raw water intake 
will allow for holding fish for longer periods of time on RAS.  During those times when it is 
determined that an emergency release of fish from the Facility is warranted, the District will not 
release any fish that are within the quarantine tanks that have not undergone a full round of 
treatment and/or any fish that, upon visual inspection, appear to show signs of disease prior to an 
inspection by their contracted veterinarian and/or fish lab in Rancho Cordova. In addition, every 
effort will be made (within reason considering the type of emergency) to have a pre-release 
inspection conducted from the local veterinarian on all steelhead, as would occur under normal 
release conditions, prior to any emergency releases. 
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Annotation Document Reflecting Updates since Submission of RRMP 
Section 8: Release Protocol 
Global Annotations 

• During those times when it is determined that an emergency release of fish from the Facility is 
warranted, the District will not release any fish that are within the quarantine tanks that have not 
undergone a full round of treatment and/or any fish that, upon visual inspection, appear to show 
signs of disease prior to an inspection by their contracted veterinarian and/or fish lab in Rancho 
Cordova. In addition, every effort will be made (within reason considering the type of 
emergency) to have a pre-release inspection conducted from the local veterinarian on all 
steelhead, as would occur under normal release conditions, prior to any emergency releases.  

Annotations by Section 
• Page 221 – Section 8.6 Fish Health Certification Procedures Applied Pre-Release: Pre-release 

inspection by CDFW is mandatory and that a representative sample of fish will be culled and sent 
to CDFW for inspection prior to any releases. The evaluation and confirmation that fish are free 
of diseases must be completed with appropriate documentation, which is now feasible given that 
the raw water intake will allow for holding fish for longer periods of time on recirculated water. 
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Annotation Document Reflecting Updates since Submission of RRMP 
Section 9: Monitoring and Evaluation of Performance Indicators 
Global Annotations 
• None.  

Annotations by Section 
• Page 238 – 9.3 Indicate risk-aversion measures that will be applied to minimize the 

likelihood for adverse genetic and ecological effects to listed fish resulting from monitoring 
and evaluation activities: Juvenile steelhead will be anesthetized either with carbon dioxide 
released by being placed briefly in a solution of “Alka-seltzer Gold” (potassium and sodium 
bicarbonate) in a 5-gallon bucket, made from one half tablet per 4 gallons of water, adjusted 
accordingly for optimum quantity needed for proper anesthesia (e.g., Alka-Seltzer dissolved in 
stream water at a concentration of approximately 600 mg/L under typical conditions), or with 
MS-222 (Tricaine Methanesulfonate) as per guidelines outlined by California Department of Fish 
and Wildlife Fisheries MS-222 protocols (CDFW 2016). 
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Annotation Document Reflecting Updates since Submission of RRMP 
Section 10: Research 
Global Annotations 
• None.  

Annotations by Section 
• Section 10.1.3 Stocking Density and Survival: Study is no longer part of the RRMP or being 

performed. 
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