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1.0
POTENTIAL M ANAGEMENT ALTERNATIVES CONSIDERED BY THE SYRTAC

The Santa Ynez River Technical Advisory Committee (SYRTAC) identified a wide range of
potential management alternatives to improve conditions for fishery resources, especially
rainbow trout/steelhead. These were detailed in the report entitled, Santa Ynez River Fisheries
Management Alternatives, which was prepared by the SYRTAC on March 11, 1998. Most
alternatives focused on the mainstem Santa Ynez River and tributaries below Bradbury Dam,
while some addressed actions above Bradbury Dam, mainly providing passage for steelhead to
spawning and rearing habitat in the upper basin. The types of measures considered included
physical enhancement of stream habitat, measures to manage or increase flows, removal of
passage impediments, fish supplementation, fishing regulations in the lower river, and predator
removal. Each of the 48 alternatives was described conceptually, along with the expected
biological benefits and constraints to successful implementation.
Members of the SYRTAC screened and ranked each alternative. Screening criteria were
applied to determine if an action was infeasible or faced clear obstacles to implementation,
which eliminated two alternatives from further consideration. A three-tiered ranking process
was used to evaluate the remaining alternatives. Of greatest importance was the biological
benefits provided for fishery resources. The second ranking stage evaluated likelihood of
success and cost variables, and the third ranking stage considered constraints such as access to
land, requirements for operations and maintenance, institutional coordination and landowner
permission for suggested actions on private land.
Twenty-six promising alternatives were identified in the screening and ranking process. Actions
that would improve habitat conditions in the lower Santa Ynez basin for over-summering and
juvenile rearing received the highest rankings for biological benefits, especially alternatives that
increased flows in the mainstem below Bradbury Dam and in Hilton Creek. The most promising
can be grouped into several categories:
1. flow-related measures to improve habitat in the mainstem below Bradbury Dam and
Hilton Creek;
2. enhancement of physical habitat in the mainstem and tributaries below Bradbury Dam;
3. removal of passage impediments in the mainstem and tributaries below Bradbury Dam;
4. trap-and-truck measures to provide access to habitat above Lake Cachuma;
5. stock supplementation measures; and
6. reduction of direct mortality from anglers or predators in the lower basin.
All the original alternatives are presented in several tables for the mainstem below Bradbury
Dam (Table A-1), tributaries below Bradbury Dam (Table A-2), and the upper basin (Table A3). The tables indicate which alternatives were included in the Management Plan. In addition,
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short paragraphs describing those alternatives not covered in more detail in the Plan, are
included below. Most of the alternatives recommended in the Management Alternatives Report
have been carried forward into the Fish Management Plan. Some actions have been modified.
For example, predator removal below Bradbury Dam now will be conducted only in
conjunction with fish rescue operations. Other alternatives have been put on hold due to serious
institutional obstacles. In particular, transporting adult steelhead around Bradbury Dam to
spawning habitat in the upper basin raises problems of moving a listed species to an area outside
their defined range. (The National Marine Fisheries Service [NMFS] defined the Southern
California Steelhead Evolutionarily Significant Unit [ESU] as the anadromous segments [open to
the ocean] of streams from the Santa Maria River south to Malibu Creek. In the Santa Ynez
River, rainbow trout/steelhead downstream of Bradbury Dam are protected as an endangered
species, but landlocked steelhead above Bradbury Dam are not included in the ESU.)
Finally, a new action has been introduced since the Management Alternatives report was
prepared to complement other enhancement measures. This action, public education and
outreach, will be especially important, since many actions in the lower basin can only be
implemented through voluntary participation by private landowners.
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Table 1–1.

Management Alternatives Considered for the Mainstem Santa Ynez
River below Bradbury Dam

Number

Management Alternative

1.

Conjunctive use of water rights
releases and Fish Reserve
Account
Direct recharge of groundwater
using alternate release points
along mainstem below Bradbury
Dam
Manage flood-control releases
Additional mainstem flow
releases from Fish Reserve
Account
Surcharge reservoir for Fish
Reserve Account
Purchase water and/or water
rights for flows in mainstem
below Bradbury Dam
Recirculate/recycle flows in
mainstem below Bradbury Dam

2.

3.
4.

5.
6.

7.

Priority
Comments
Action?
M AINSTEM BELOW BRADBURY DAM
Flow-related Measures
Y

Provides year-round rearing habitat

N

Institutional concerns, public opposition

N
Y

Low biological benefits
Included in conjunctive use of water rights
releases and Fish Reserve Account

Y
N

Provides additional water for habitat
maintenance
Water not available for purchase

N

Not technically feasible

Habitat Enhancements
8.
9.

10.

11.
12.

Riparian enhancement along
mainstem below Bradbury Dam
Mainstem stream channel
modifications below Bradbury
Dam
Instream structures in mainstem
below Bradbury Dam (e.g.,
woody debris, boulders)
Place gravel in mainstem below
Bradbury Dam
Conservation easements along
mainstem below Bradbury Dam

N

Lack of landowner interest

Y

Focus on improving refuge pools for rearing
habitat

Y

Focus on improving refuge pools for rearing
and spawning habitat

N

Spawning gravels not limiting

N

Lack of landowner interest

Fish Passage
13.
14.

15.
16.

Passage impediment removal in
mainstem below Bradbury Dam
Passage channel at lagoon
beach impediment (i.e., breach
sandbar)
Fish ladder at Bradbury Dam
Fish ladder from Hilton Creek to
Lake Cachuma

N

Lack of landowner interest

N

Low biological benefit, adverse effects on
other listed species (i.e., tidewater goby)

N
N

Not technically feasible, biological concerns
Not technically feasible, biological concerns
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Table 1–1.

Management Alternatives Considered for the Mainstem Santa Ynez
River below Bradbury Dam -cont’d-

Number

Management Alternative

17.

Trap-and-truck adults from
mainstem below dam to Lake
Cachuma above dam and
outmigrants from above to
below dam
Trap-and-truck SYR adults from
mainstem below dam to outside
SYR drainage

18.

Priority
Action?
Fish Passage -cont.d-

Comments

N

Institutional obstacles in transporting a listed
species above Bradbury Dam

N

Institutional obstacles in transporting a listed
species

Predator Removal
19.

Remove warmwater fish below
Bradbury Dam

20.

Fishing moratorium below
Bradbury Dam

Y

In conjunction with fish rescue operations in
Hilton Creek and select upper mainstem sites

Fishing Regulations
Y

Already implemented

Fish Supplementation
21.

22.

23.
24.

Use southern steelhead stocks
in hatchery programs to
supplement wild population
below Bradbury Dam
Transfer broodstock from the
upper basin to the mainstem
below Bradbury Dam
Streamside incubators along
mainstem below Bradbury Dam
Spawning channels along
mainstem

N

Institutional concerns

N

Institutional obstacles, biological concerns

N

Low biological benefit, institutional concerns

Y

This concept has been folded into the channel
extension for Hilton Creek
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Table 1–2.

Management Alternatives Considered for Tributaries below Bradbury
Dam

Number Management Alternative

Priority
Comments
Action?
TRIBUTARIES BELOW BRADBURY DAM
Flow-related Measures

25.

26.
27.

28.

Purchase water/water rights to
increase tributary flow below
Bradbury Dam
Pump/siphon Cachuma water to
Hilton Creek
Continuous pump and/or recycle
flows in tributaries below
Bradbury Dam
Groundwater wells to augment
tributary flow below Bradbury
Dam

N

Water not available for purchase

Y

Highly promising

N

Not technically feasible

N

Not technically feasible

Habitat Enhancements
29.
30.
31.
32.
33.

Instream structures in tributaries
below Bradbury Dam
Place gravel in tributaries below
Bradbury Dam
Conservation easements on
tributaries below Bradbury Dam
Riparian enhancement along
tributaries below Bradbury Dam
Extend channel of lower Hilton
Creek

Y

Within conservation easements

Y

Within conservation easements

Y

Voluntary participation by the landowner?

Y

Within conservation easements

Y

Creates new spawning and rearing habitat

Fish Passage
34.
35.

36.

Passage impediment removal in
tributaries below Bradbury Dam
Trap-and-truck adults from
mainstem below dam to
tributaries below dam
Trap-and-truck outmigrants at
tributaries below Bradbury Dam

Y

Provides access to additional habitat

N

Institutional obstacles, reduced passage
problems after implementation of Alt. # 34
(impediment removal)
Downstream passage not limiting,
institutional and technical obstacles

N
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Table 1–3.

Management Alternatives Considered for the Mainstem Santa Ynez
River and Tributaries above Bradbury Dam

Number Management Alternative

Priority
Action?
M AINSTEM ABOVE BRADBURY DAM
Flow-related Measures

37.

Modify flow releases from
Gibraltar Dam

N

38.

Place gravel in mainstem above
Lake Cachuma

39.

Trap-and-truck adults from
mainstem below dam to
mainstem above Lake Cachuma
Trap-and-truck outmigrants
(smolts) from mainstem above
Lake Cachuma to estuary

Comments

Limited biological benefit

Physical Habitat Enhancements
N

Limited biological benefit, spawning habitat
not limiting

Fish Passage

40.

N

N

Access difficulties to the upper basin,
biological and institutional concerns in
transporting a listed species
Technical and institutional concerns

Predator Control
41.
42.
43.
44.

Remove warmwater fish from
mainstem above Lake Cachuma
Remove warmwater fish in Lake
Cachuma
Remove warmwater fish from
Gibraltar Reservoir
Remove warmwater fish from
Jameson Lake

N
N
N
N

Limited biological benefit, institutional
concerns, infeasible
Limited biological benefit, institutional
concerns, infeasible
Limited biological benefit, institutional
concerns, infeasible
Limited biological benefit, institutional
concerns, infeasible

TRIBUTARIES ABOVE BRADBURY DAM
Fish Passage
45.

46.

Trap-and-truck adults from
mainstem below dam to
tributaries above dam
Trap-and-truck outmigrants
(smolts) from tributaries above
Lake Cachuma to estuary

N

Y

Access difficulties to upper basin, biological
and institutional concerns in transporting a
listed species
Technical and institutional concerns

Predator Control
47.

Remove warmwater fish from
tributaries above Lake Cachuma

N

Limited biological benefit, institutional
concerns, infeasible

Fish Supplementation
48.

Supplemental rearing facilities
on tributaries above Bradbury
Dam

N
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Institutional concerns, need for
supplementation not clear

2.

Alternate release points along mainstem below Bradbury Dam

This alternative suggests releasing State Water Project (SWP) water into the Santa Ynez River
near the Robinson Bridge (Highway 246 Crossing) and near Rucker Road in lieu of the Below
Narrows Account. This might elevate the water table below the Narrows and benefit migrating
fish later in the year. SWP water could also be released 2.5 miles downstream of Buellton as
part of the Above Narrows Account.
The Department of Fish and Game has expressed concerns that anadromous steelhead may
obtain false cues for imprinting if they were exposed to SWP water from the Sacramento-San
Joaquin Delta. Furthermore, the public voiced opposition to alternate release points and the use
of SWP. Due to the uncertain benefits for rainbow trout/steelhead, institutional concerns and
public opposition, this alternative will not be considered further at this time.
3.

Manage flood-control releases

This alternative examines the possibility of conducting “pre-releases” of flood-control releases
(in advance of expected storm events) from Lake Cachuma to increase or improve the pattern
of streamflows for fisheries downstream of Bradbury Dam. The opportunities for manipulating
storm-related releases to benefit rainbow trout/steelhead are limited by the unpredictability of
the actual occurrence, duration and magnitude of a potential storm event, the flashy hydrology of
the upper Santa Ynez watershed, the difficult control of the spillway gates, and the lack of a
flood control pool in the Cachuma Project that can be actively managed.
6.

Purchase water and/or water rights for flows in mainstem below Bradbury Dam

Purchasing water from existing water rights holders or the outright purchase of their water rights
are two means of increasing streamflow. Both methods would be most advantageous in
situations where supplemental water would improve instream habitat conditions by either
increasing the amount of streamflow at a particular time of year or ensuring that the stream
remains a live stream throughout the year (restoring perennial flow).
The complexity of the Santa Ynez River water rights and current land use policies make this
alternative likely infeasible. Purchasing additional water rights will not be pursued further at this
time.
7.

Recirculate/recycle flows in the mainstem below Bradbury Dam

Recirculation of base-level streamflows with a pumping system could be used to improve
aquatic habitat within a small portion of the river by maintaining higher flow conditions for a
longer part of the dry season.
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This alternative, however, faces serious technological challenges, would be expensive to operate
and maintain, might result in unacceptable environmental impacts, requires landowner
cooperation and would improve only limited lengths of stream. Therefore, it will not be pursued
further at this time.
8.

Riparian enhancement along mainstem

Riparian enhancement along the mainstem might improve rainbow trout/steelhead habitat
through a number of factors (see C.3.2.3.3). Even though many parts of the mainstem are too
wide for riparian planting to directly improve habitat by shading, riparian vegetation could
provide sufficient shading during low-flow conditions, when the stream follows the bank, and
add to the overall health of the system. However, the opportunity for realizing these biological
benefits is limited because along those parts of the mainstem best suited for riparian
enhancement, landowner cooperation is lacking. This alternative will be put on hold pending
landowner approval.
11.

Place gravel in mainstem

Addition of gravel may increase the amount of available spawning habitat for rainbow
trout/steelhead, and improve rainbow trout/steelhead populations in portions of the mainstem
where spawning gravel is the primary limiting factor. However, lack of fry habitat, not spawning
habitat, was identified as the overall primary limiting factor in the lower Santa Ynez River,
according to the analysis in the Contract Renewal EIR/EIS (ENTRIX 1995). In the areas
lacking gravels, hydrological conditions and geomorphic processes indicate that gravels do not
tend to accumulate there in the long term. Adding gravel here could impact downstream habitat
(e.g., filling of pools).
Due to the uncertain biological benefits, this alternative will not be pursued further at this time.
12.

Conservation easements along river channel of mainstem

Conservation easements along the mainstem could be used to improve rainbow trout/steelhead
habitat in a number of ways (see 3.3.1), provided that landowners are willing to participate.
The failure to locate interested landowners in priority areas eliminates the option of pursuing this
alternative at this time.
13.

Passage impediment removal in the mainstem below Bradbury Dam

The removal of physical passage impediments can improve opportunities for rainbow
trout/steelhead to migrate upstream and downstream during periods of moderate and low
streamflow. Landowner participation is required in order to access the stream and remove
impediments.
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This alternative is placed on hold, pending further evaluation of passage problems in the
mainstem Santa Ynez River and landowner approval in priority reaches.
14.

Passage channel at the lagoon impediment (breaching of the sandbar)

Mechanical breaching of the sandbar would allow migrating steelhead to enter or exit the Santa
Ynez River when a sandbar closes off the lagoon from the ocean. However, this would only be
beneficial during steelhead migration, and when river flows are high enough to provide
continuous passage within the stream. Furthermore, breaching the sandbar may have adverse
impacts on juvenile steelhead rearing in the lagoon, and on other species, particularly the listed
tidewater goby. This fish inhabits the lagoon and the tidally influenced region of the river, and
prefers calm conditions which occur when the lagoon is closed (J. Smith, pers. comm.). ESA
consultation with the USFWS would be required to implement this action.
At this time, breaching of the sandbar will not be pursued further due to the above mentioned
complications.
19.

Remove warmwater fish below Bradbury Dam

The removal of non-native warmwater fish, such as largemouth bass, bluegill sunfish, and catfish,
from below Bradbury Dam could be beneficial to juvenile steelhead by reducing predation and
competition. However, the benefits would be temporary because of recolonization from other
areas (the mainstem, Lake Cachuma, and/or the tributaries).
In general, fish control projects have had limited success (Meronek et al., 1996), and in
particular, the Long Pool and Stilling Basin have been recolonized by non-natives after a
thorough removal in 1997 (Engblom, pers. comm.).
Due to the high likelihood of recolonization, a wholesale removal program would be infeasible
on a long-term basis. Furthermore, DFG does not support such an effort (C. Raysbrook,
CDFG, pers. comm.). Predator removal is being evaluated on a case-by-case basis in
conjunction with fish rescue operations in Hilton Creek and selected upper mainstem sites, and
after consultation with SYRTAC, NMFS, DFG, Reclamation and FWS.
20.

Fishing moratorium downstream of Bradbury Dam

A year-round fishing moratorium in waters of the Southern California Steelhead ESU has been
implemented for two years. This includes the waters below impassible dams, such as Bradbury
Dam. Fishing is prohibited on the Santa Ynez River and its tributaries below Bradbury Dam.
This reduces disturbance of rainbow trout/steelhead and will complement habitat enhancement
efforts to improve population numbers.
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21.

Wild steelhead hatchery

The rainbow trout/steelhead population of the Santa Ynez River could be directly supplemented
by producing fish at a hatchery, using genetically compatible stocks.
In general, CDFG does not support using artificial means to supplement steelhead populations,
such as hatchery programs and spawning channels, and rates this as an unacceptable option (C.
Raysbrook, CDFG, pers. comm.). According to policies of the CDFG and Fish and Game
Commission, artificial supplementation and rearing would only be allowed if current factors that
are limiting the population (e.g., passage obstacles, habitat disturbances) are alleviated (D.
McEwan, CDFG, pers. comm.).
The current Plan considers the use of a southern steelhead hatchery only for stocking programs
in the upper basin, as a means to protect the genetic integrity of native stocks. The need for
supplementation in the lower basin is on hold, pending the outcome of habitat improvements.
22.

Transfer broodstock from the upper basin to the mainstem below Bradbury
Dam

Supplementation of the lower river with adults or eggs from the residualized population of
rainbow trout/steelhead upstream of Bradbury Dam could boost production in the lower river.
However, CDFG does not support using artificial means to supplement steelhead populations,
such as hatchery programs and spawning channels (C. Raysbrook, CDFG, pers. comm.).
According to policies of the CDFG and Fish and Game Commission, artificial supplementation
and rearing would only be allowed if current factors that are limiting the population (e.g.,
passage obstacles, habitat disturbances) are alleviated (D. McEwan, CDFG, pers. comm.).
Based on institutional and biological concerns, this alternative will not be pursued further at this
time.
23.

Streamside incubators in mainstem below Bradbury Dam

Egg survival of rainbow trout/steelhead might be improved through the use of streamside
incubators to maintain ideal conditions for egg growth and survival.
Instream incubation techniques have had varying degrees of success (e.g., Harshbarger and
Porter 1982, Bams 1985). Several of the technical and biological factors contributing to the
uncertainty of success and low biological benefit of this alternative include the need of high
quality water, monitoring and maintenance of the incubators, the potential risk of predation on
young steelhead, the cooperation of private landowners, and the potential risk of vandalism.
CDFG does not support using artificial means to supplement steelhead populations, such as
hatchery programs and spawning channels (C. Raysbrook, CDFG, pers. comm.). According
to policies of the CDFG and Fish and Game Commission, artificial supplementation and rearing
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would only be allowed if current factors that are limiting the population (e.g., passage obstacles,
habitat disturbances) are alleviated (D. McEwan, CDFG, pers. comm.).
Due to the above-mentioned obstacles, this alternative will not be considered further at this time.
25.

Purchase water/water rights to increase tributary flows below Bradbury Dam

Purchasing water from existing water rights holders or the outright purchase of their water rights
are two means of increasing streamflow. Both methods would be most advantageous in
situations where supplemental water would improve instream habitat conditions by either
increasing the amount of streamflow at a particular time of year or ensuring that the stream
remains a live stream throughout the year (restoring perennial flow).
The water rights situation in the Santa Ynez River watershed and current land use policies make
this alternative unattractive and likely infeasible. Purchasing additional water rights will not be
pursued further at this time.
27.

Recirculate/recycle flows in live reaches of tributaries

Recirculating base-level streamflows with a pumping system could be used to improve aquatic
habitat within a small portion of tributaries with perennial flow by maintaining higher flow
conditions for a longer part of the dry season.
This alternative, however, faces serious technological challenges, would be expensive to operate
and maintain, might result in unacceptable environmental impacts, requires landowner
cooperation, the purchase of additional water rights, and would improve only limited lengths of
stream. Therefore, it will not be pursued further at this time.
28.

Groundwater wells to augment tributary flow

A series of groundwater wells could be used to augment instream flows and reduce water
temperature during critical periods of low flows in perennial tributaries.
Relatively little information exists, however, on groundwater conditions or the potential
production of a proposed well field in likely watersheds. Geologic studies generally characterize
the consolidated rock aquifers in the Santa Ynez mountains as non-water-bearing, except for
fractured sandstone deposits.
Furthermore, the costs for construction, operation, and maintenance of wells, pumps, and
conveyance structures are likely to be high.
Additional constraints include the

accessibility of potential well sites, access to private lands, providing electrical service,
maintaining adequate water quality, and potential adverse effects on local hydrology due to
pumping.
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Due to the technical problems, this alternative will not be pursued further at this time.
35.

Trap-and-truck adults from mainstem below Bradbury to tributaries below
Bradbury

Trap-and-truck operations can be used to facilitate upstream passage of adult rainbow
trout/steelhead around natural or man-made passage barriers in the mainstem to spawning
habitat in the tributaries below Bradbury Dam.
Passage impediment removal below Bradbury Dam (Alternative 34) will reduce the need for
trap-and-truck operations on the mainstem below the dam. In addition, due to possible
mortalities related to trap-and-truck procedures and institutional obstacles, this alternative will
not be pursued further at this time.
36.

Trap-and-truck outmigrants at tributaries below Bradbury Dam

This alternative can be coupled with another measure to provide upstream passage for adult
spawners (Alternative 35), or it can provide downstream passage for residualized steelhead.
However, downstream transport of juveniles and adults in other systems has generally been less
successful than upstream transport of adults because the typical high streamflows make it more
difficult to collect downstream migrants. Furthermore, large numbers of juveniles must be
transported in order to produce a discernible effect in the number of returning adults. Finally,
downstream passage is not likely to limit fish populations on the tributaries below Bradbury
Dam.
Due to the institutional obstacles caused by handling of the listed steelhead involved in this
alternative, and the limited biological benefits, this alternative will not be pursued further at this
time.
37.

Modify flow releases from Gibraltar Dam

Habitat in the mainstem Santa Ynez River between Lake Cachuma and Gibraltar Dam could
benefit from water released from Gibraltar Reservoir, utilizing existing water rights releases (Gin
Chow releases). Water released from Gibraltar Dam would subsequently be recovered and
stored in Lake Cachuma, which would provide fisheries and habitat benefits with a minimum of
water supply impact.
Since the alternatives suggesting the transport of steelhead above Lake Cachuma have been put
on hold, the need for additional water releases from Gibraltar Reservoir to improve habitat
above Cachuma has also been reduced. Furthermore, due to the transit losses between
Gibraltar and Cachuma, it is uncertain how much additional water would

be contributed to Lake Cachuma to be used for downstream releases. Because of the limited
benefits to steelhead, this alternative will not be pursued further at this time.
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38.

Place gravel in mainstem above Lake Cachuma

Periodic addition of spawning gravel could improve spawning habitat in the mainstem above
Lake Cachuma. This measure assumes that the rainbow trout/steelhead population is limited
principally by the lack of good quality spawning gravel. To benefit the rainbow trout/steelhead
population below Bradbury Dam, successful passage of steelhead (outmigrating juveniles and
possibly upstream-migrating adults) around or through Lake Cachuma would be required.
Adequate streamflows for spawning, incubation and fry rearing must also be present.
In the areas currently lacking gravel, hydrological conditions and geomorphic processes indicate
that gravels do not tend to accumulate there in the long term. Adding gravel here could impact
downstream habitat (e.g., filling of pools).
Moreover, previous habitat surveys upstream of Bradbury Dam (ENTRIX 1995) showed that
spawning habitat was not limiting. Since the alternatives suggesting the transport of steelhead
above Lake Cachuma have been put on hold, and due to the low benefits of placing gravel in
the mainstem upstream of the dam, this alternative will not be pursued further at this time.
41.

Remove warmwater fish from mainstem above Lake Cachuma

The removal of non-native warmwater fish, such as largemouth bass, bluegill sunfish, and catfish,
from the mainstem above Cachuma could benefit native fish. The benefits would be temporary,
however, because of recolonization by survivors or warmwater fish from other areas (the
mainstem, Lake Cachuma, spill from Gibraltar Reservoir, and/or the tributaries). In general, fish
removal programs in other systems have often failed or had only short-term success (Meronek
et al., 1996). Furthermore, DFG does not support such an effort (C. Raysbrook, CDFG,
pers. comm.). Thus, this alternative will not be pursued at this time.
42.

Remove warmwater fish in Lake Cachuma

Non-native warmwater fish, such as largemouth bass, bluegill sunfish, and catfish, can prey on
small fish, such as young rainbow trout/steelhead and arroyo chub. The warmwater fish
population in Lake Cachuma also acts as a source of predators for the Santa Ynez River
upstream and downstream of the lake. Undertaking removal of warmwater fishes from Lake
Cachuma would be technically and economically infeasible, due to the large size of the reservoir,
the large numbers of fishes, and the importance of the sport fishery for these species.
Furthermore, DFG does not support such an effort (C. Raysbrook, CDFG, pers. comm.).

43.

Remove warmwater fish in Gibraltar Reservoir

Removal of non-native warmwater fish, such as largemouth bass, bluegill sunfish, and catfish,
has been suggested to reduce predation on small native fish. Predator removal occurred
through natural means several years ago when Gibraltar Reservoir dried up (1989-1991).
A-1-13

However, DFG does not support such an effort (C. Raysbrook, CDFG, pers. comm.).
Undertaking removal of warmwater fishes from Gibraltar Reservoir by means other than
reservoir drawdown would likely be technically infeasible. This alternative will not be pursued
further at this time.
44.

Remove warmwater fish in Jameson Lake

The removal of non-native warmwater fish, such as largemouth bass, bluegill sunfish, and catfish,
may reduce the source of predators for the Santa Ynez River upstream and downstream of the
lake. However, fish removal programs have often failed or had only short-term success
(Meronek et al., 1996). Furthermore, DFG does not support such an effort (C. Raysbrook,
CDFG, pers. comm.). Undertaking removal of warmwater fishes from Jameson Lake would
likely be technically infeasible and will not be pursued further at this time.
47.

Remove warmwater fish from tributaries above Lake Cachuma

The removal of non-native warmwater fish, such as largemouth bass, bluegill sunfish, and catfish,
may increase survival of rainbow trout/steelhead and other native species in tributaries above
Lake Cachuma. However, fish removal programs have often failed or had only short-term
success (Meronek et al., 1996). Recolonization by fish from Cachuma would be expected in
accessible areas of these tributaries. Furthermore, DFG does not support such an effort (C.
Raysbrook, CDFG, pers. comm.).
The likelihood of recolonization by warmwater fish from Lake Cachuma, low biological benefits,
the chance for high incidental environmental impacts and difficult access make this alternative
infeasible.
48.

Supplemental rearing facilities on tributaries above Bradbury Dam

This alternative would enhance production by providing supplemental rearing opportunities on
perennial tributaries upstream of Lake Cachuma, where water is more plentiful. Implementation
of this alternative would require consultation with the U.S. Forest Service for construction of
facilities on Forest Service land. It would be most promising in years where the number of
juveniles exceeds the carrying capacity of the rearing sites below Bradbury Dam. Furthermore,
juveniles would have to be trapped below Bradbury Dam, trucked to the rearing sites above the
dam, and reared fish (smolts) would have to be returned to reaches below the dam. Due to the
difficulties involved with the trap-and-truck method (institutional, technical and biological
concerns), as well as the low biological benefit provided and the unclear need for
supplementation, this alternative will not be pursued further at this time.
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1.0
INTRODUCTION

In August 1997, the National Marine Fisheries Service (NMFS) listed anadromous steelhead
inhabiting the Southern California Evolutionarily Significant Unit (ESU), including the Santa Ynez
River below Bradbury Dam, as an endangered species under the Federal Endangered Species
Act. In response to this listing, the operations of the Cachuma Project (Project) were critically
reviewed to identify and evaluate potential impacts on steelhead and instream habitats within the
lower Santa Ynez River. Using scientific information collected through ongoing fisheries and
water quality investigations, in combination with detailed analysis of historic hydrologic patterns
and water project operations, modified project operations are proposed to protect steelhead
and their habitat in the lower Santa Ynez River.
The U. S. Bureau of Reclamation (Reclamation) operates the Project to deliver water to the
Project Member Units. Project operation includes storage and later release of water for
downstream water rights as a condition of the Project’s State Water Resources Control Board
(SWRCB) permit. As a part of the proposed operations, some water within Lake Cachuma
(Cachuma Reservoir) will be made available for the purpose of environmental protection and
enhancement, including expansion of opportunities for successful passage, reproduction, and
rearing of steelhead in the mainstem Santa Ynez River and Hilton Creek. Releases will maintain
habitat in lower Hilton Creek, in the Santa Ynez River from Bradbury Dam to Highway 154,
and in some years to Alisal Road.
The Conjunctive Use Working Group of the SYRTAC has developed water release measures.
The recommendations are based upon an adaptive management strategy that will be able to
respond to annual and seasonal variation in hydrologic conditions, water supply availability
within the Santa Ynez River basin, and additional opportunities as they arise. The ultimate
objective of the proposed actions is to promote the recovery of Santa Ynez River rainbow
trout/steelhead consistent with water supply availability, project facilities, and competing
demands for limited resources.
The flow-related management actions are designed to:
•

protect and improve instream habitat within the mainstem Santa Ynez River;

•

create opportunities for successful passage, reproduction and survival of anadromous
steelhead trout; and

•

avoid adverse effects on other aquatic or riparian biological resources.

The above actions have been developed in conjunction with the Project’s need to (1) deliver
water supplies, (2) provide for routine maintenance of existing facilities, and (3) maintain
groundwater recharge requirements as set forth in water rights order WR 89-18 (downstream
water rights).
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Reaches of the mainstem and tributaries selected as having priority for habitat protection and
improvement were identified based upon: (1) seasonal and annual instream flow patterns, (2)
water temperature, and (3) quality and suitability of existing habitat. Priority habitats include
Hilton Creek, the mainstem Santa Ynez River between Hilton Creek and the Highway 154
Bridge, the mainstem Santa Ynez River between Bradbury Dam and Hilton Creek and, in wet
years and the year following a wet year, the mainstem down to Alisal Bridge (approximately
10.5 miles downstream of the dam).
Implementation of the proposed actions will benefit rainbow trout/steelhead both directly and
indirectly by (1) increasing habitat availability and quality and (2) by improving access to good
spawning and rearing habitat. The water release measures incorporated in the proposed
operations to achieve these results include:
§

Conjunctive use of reservoir releases and downstream water rights releases to meet
mainstem rearing target flows. Conjunctive use will extend the period of time each year
when instream flow improves habitat for steelhead rearing in Hilton Creek and the
mainstem river. Modifications to reservoir operations will provide sustained target
flows, via Hilton Creek and/or the mainstem Santa Ynez River, of 2.5 or 5 cubic feet
per second (cfs) at the Highway 154 Bridge depending on reservoir elevation, or of 10
cfs at Highway 154 in years when the dam spills at least 20,000 acre-feet (AF). In
addition, a target flow of 1.5 cfs will be established at Alisal Road in years when the
reservoir spills at least 20,000 AF, and the year immediately following such a spill year,
when steelhead are present. In critically dry years, when reservoir storage falls below
30,000 AF, periodic releases will be made to improve water quality in the mainstem
pool habitat near Bradbury Dam. As a part of the proposed operation, water released
for water rights will meet the mainstem target flows for part of the summer in many
years. Conjunctive use of reservoir releases and water rights releases to meet rearing
target flows will provide substantially more habitat below the dam in the critical late
summer months than either current (Water Rights order 89-18 [WR 89-18]) or historic
(no storage) conditions.

§

Passage flow supplementation to increase the number and duration of passage
opportunities in the mainstem Santa Ynez River. A dedicated volume of water will be
made available in Lake Cachuma for the purpose of supplementing natural storm events.
A Fish Passage Account will be created and allocated 3,200 AF of water in years when
the reservoir surcharges to the proposed 3-foot level. The water will be released in
subsequent years to increase the receding limb of natural storm hydrographs, thereby
providing additional passage days for migrating steelhead.

§

The creation of an Adaptive Management Account to provide additional, flow-related
benefits to steelhead. The purpose of the Adaptive Management Account is to provide
the management team with a dedicated volume of water (500 AF provided in years
when the reservoir surcharges to the proposed 3-foot level) to be released based on
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biological need. The water can be used for passage flow supplementation and/or
additional habitat maintenance releases into the mainstem or Hilton Creek.
§

Releases made through the Hilton Creek Supplemental Water Supply System (detailed
in the Hilton Creek Technical Appendix). Releases made to support mainstem habitat
(i.e., target flows) will be made via the Hilton Creek system. The delivered water will
meet specific temperature and dissolved oxygen criteria to benefit rainbow
trout/steelhead. The watering system has been designed to take cool water from 60+
feet below the surface of Lake Cachuma and deliver this water to one or more of the
following locations:
(1) upper Hilton Creek release point near Reclamation property boundary,
approximately 2,980 feet upstream of the Santa Ynez River;
(2) lower Hilton Creek release point just above the chute pool, approximately 1,380
feet upstream of the river; and/or
(3) the Stilling Basin (mainstem) release point below Bradbury Dam.

The 3-foot surcharge will support the flow-related enhancement actions summarized above: the
reservoir releases for rearing target flows and the Passage and Adaptive Management accounts.
It is anticipated that up to four years may be required to complete environmental review to
implement the proposed 3-foot surcharge. Environmental review is already complete for an
interim level surcharge of 1.8 feet. Modifications to the flashboards of the Bradbury Dam radial
gates can be completed next year to allow the 1.8 foot surcharge and accommodate the 3-foot
surcharge. Thus, interim rearing target flows and an interim allocation to the Fish Passage
Account are included in the recommended actions.
The actions proposed here will provide opportunities for steelhead numbers in the Santa Ynez
River to expand. The measures will provide a substantial net benefit compared to existing and
historic conditions by increasing the amount of available habitat, increasing the quality of existing
habitat, and by increasing the number of days that steelhead can migrate in the mainstem.
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2.0
HABITAT

Rainbow trout/steelhead occur throughout the Santa Ynez River basin and its tributaries where
conditions are favorable for their persistence. A description of the steelhead habitat conditions
in the mainstem Santa Ynez River and Hilton Creek, a tributary to the river, is provided below.
Hilton Creek is the only tributary included in this discussion because it is the only creek that will
be enhanced by releases. Hilton Creek is situated immediately downstream of Bradbury Dam
and therefore provided a unique opportunity for flow-related enhancement.
2.1

M AINSTEM

2.1.1 PHYSICAL HABITAT
Anadromous steelhead are currently limited to the mainstem Santa Ynez River and the
accessible portion of its tributaries below Bradbury Dam (Figure 2-1). Historically, the reach of
the Santa Ynez River downstream of Bradbury Dam either dried up in the summer or supported
very low streamflow levels (Shapovolov 1944). Young steelhead remain in freshwater for a
year or more, and summer habitat in warm climates is often in short supply. Steelhead also
require cool water temperatures. Summer conditions in Santa Ynez valley can warmwater
temperatures above levels suitable for young steelhead.
Prior to 1953, when the dam was constructed, steelhead likely used the mainstem below
Bradbury Dam primarily for passage to more favorable spawning and rearing areas that now lie
above Bradbury Dam (but below Gibraltar Dam, which was the upstream limit of migration
beginning in the 1920’s, when it was constructed) (Shapovalov 1944). The area below the
current location of Bradbury Dam, except for a spring-fed segment near Solvang, typically went
dry in the summer and therefore was not suitable spawning or rearing habitat (Shapovalov
1944). Shapovalov (1944) reports rescuing rainbow trout/steelhead from the area of the
mainstem above the current location of Bradbury Dam.
Since 1953, steelhead have been restricted to the mainstem Santa Ynez River and its tributaries
below Bradbury Dam. This 48-mile reach of river is characterized by a longitudinal gradient of
differing habitat types. Several reaches have been delineated based on geomorphology, as well
as opportunities for management (Table 2-1). The primary characteristics describing each
reach include channel structure, substrate, cover and water temperature conditions. A
description of the mainstem reaches follows, discussing the attributes of these reaches and their
suitability for rainbow trout and steelhead.
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Figure 2-1

Santa Ynez River Basin Downstream of Lake Cachuma
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Table 2-1

Reaches in the Lower Mainstem Santa Ynez River

Reach Name

Landmarks

Reach Length
(miles)

Miles below
Bradbury Dam

Highway 154

Bradbury Dam down to Highway 154 Bridge

2.9

0 - 2.9

Refugio

Highway 154 Bridge down to Refugio Road

5.0

2.9 - 7.9

Alisal

Refugio Road down to Alisal Bridge in Solvang

2.6

7.9 - 10.5

Avenue of the
Flags

Alisal Bridge in Solvang down to Avenue of
the Flags Bridge in Buellton

3.1

10.5 - 13.6

Buellton to
Lompoc

Buellton to Highway 1 Bridge in Lompoc
(includes Weister and Cargasachi study sites)

23.9

13.6 - 37.5

Below Lompoc

Highway 1 Bridge in Lompoc to lagoon

8.3

37.5 - 45.8

Lagoon

Above old 35th Street Bridge to mouth of river

2.5

45.8 - 48.3

2.1.2 REACH DESCRIPTIONS
2.1.2.1 Highway 154
The Highway 154 Reach extends 2.9 miles from Bradbury Dam to the Highway 154 Bridge.
The Highway 154 Reach has a more confined channel than reaches further downstream, as well
as better riparian cover in general. Property access issues have limited studies in this reach to
Reclamation property, which extends approximately a ¼ mile between the Stilling Basin just
below Bradbury Dam to the Reclamation property boundary. Habitat mapping in March 1994
showed that this reach was dominated by pool habitat (75% by length) (Table 2-2). Most of
the pools in this reach (76% of total pool length) had a maximum depth of less than 3 feet. Runs
accounted for 19% of the total length, and riffles and dry channel made up 3% each. Several
large and deep perennial pools are present on Reclamation property, including the Stilling Basin
and the Long Pool.
Substrate consisted primarily of cobble near Bradbury Dam with increasing proportions of sand
and gravel downstream. This is typical of stream reaches just below dams because sedimentstarved water from the reservoir picks up small substrate and carries it downstream. Habitat
mapping surveys in 1994 noted that spawning-sized gravels were of extremely limited
availability within the wetted channel between Refugio Road and Bradbury Dam (ENTRIX
1995a). High-flow events in 1995 and 1998 have since resulted in additional gravels being
moved into the system from Hilton Creek and other tributaries (SYRTAC data).
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Table 2-2

Habitat Mapping of the Lower Mainstem Santa Ynez River
Highway 154
Reach1

Habitat
Type

Refugio
Reach2

Alisal
Reach2

Length

%

Length

%

Length

%

Pool

12,481

75

2,937

33

1,346

9

Run

468

19

2,800

32

4,184

29

Glide

*

*

1,494

17

3,859

27

Riffle

3,088

3

1,543

18

4,991

35

Dry Channel

554

3

*

*

*

*

Total Length

16,591

Survey Date
Release from Cachuma
Flow

8,774

March 25, 1994
0 cfs

3

42 cfs at Solvang

14,380

July 28, 1997

July 23, 1997

92 cfs

93 cfs

86 cfs at site

72 cfs at site

1

ENTRIX 1995a
SYRTAC 1999a
3
Estimated flow below Hilton Creek was 4 to 6 cfs.
* Not designated. Glides are grouped with runs.
2

From a fisheries perspective, riparian vegetation in most areas of the lower Santa Ynez River is
not well developed, and does not provide significant shading for aquatic habitats. The Highway
154 Reach has moderate canopy coverage, better than canopy cover in reaches further
downstream.
Instream aquatic vegetation, mainly algae, forms in the Highway 154 Reach typically in pools.
Large amounts of aquatic algae have been observed growing up from the bottom in all years
since 1994. During the early part of the summer this reach appears to have less algal growth
than more downstream reaches. However, by the late summer, algae becomes abundant.
Temperature monitoring and modeling results indicate that this reach of the mainstem Santa
Ynez River is the only portion of the river where water temperatures remain within the tolerance
limits of steelhead. Monitoring over several years reveals that generally there are only a few
days in July and August where mean daily water temperatures exceed 22°C and maximum daily
water temperatures exceed 25°C (Table 2-3). Several localized areas of upwelling cool water
were noted in the Long Pool, which may help account for these cool water temperatures and
which may also provide temperature refugia when water temperatures reach stressful levels.
2.1.2.2 Refugio Reach
The Refugio Reach is 5 miles long, extending from the Highway 154 Bridge (about 2.9 miles
downstream from Bradbury) down to the Refugio Bridge (about 7.9 miles downstream from
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Table 2-3

MONTH

1995
June
July
August
September
October
1996
April
May
June
July
August
September
October
1997
April
May
June
July
August
September
October

Bold/Italics:
Bold:
N/A:
Source:

Frequency Analysis of Water Temperature Exceedances in the Long
Pool at Surface
FREQUENCY (DAYS)
Average
Maximum
Maximum
Daily
Daily
Monthly
>22°C
>25°C
(°C)

NO. DAYS
MONITORED

Average
Daily
>20°C

Maximum
Monthly
(°F)

15
31
31
30
31

0
11
10
0
0

N/A
N/A
N/A
N/A
N/A

0
0
0
0
0

17.3
22.3
21.6
20.8
18.5

63.1
72.1
70.9
69.4
65.3

28
31
30
31
31
30
31

4
N/A
N/A
18
0
0
0

0
0
1
17
0
0
0

0
N/A
N/A
1
0
0
0

22.5
--25.1
18.1
17.6
19.4

72.5

30
31
30
21
31
30
31

0
10
13
10
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

19.3
23.4
23.2
23.2
17.5
17.5
18

66.7
74.1
73.8
73.8
63.5
63.5
64.4

77.2
64.6
63.7
66.9

25-74% of the monitored days exceeded criterion
75% or more of the monitored days exceeded criterion
Unavailable
SYRTAC 1997, 1998, and other SYRTAC data

Bradbury). Flows in this area often become intermittent or non- existent during the summer.
Based on a large subsample of this reach, the habitat composition (percent of total length) was
33% pools, 32% runs, 17% glides, and 18% riffles (SYRTAC 1999a) (Table 2-2).
The substrate is a mix of small cobble, gravel, and fine sediment. The 1994 habitat surveys
noted that spawning-sized gravels were of extremely limited availability within the wetted
channel between Refugio Road and Bradbury Dam. High-flow events in 1995 and 1998 have
resulted in additional gravel recruitment to this area’s tributary streams. Instream cover is
moderate in pools. Riparian vegetation is not well developed, and canopy coverage is low.
This reach has the most extensive growths of algae compared with the other mainstem reaches.
Temperatures often exceeded 20°C daily average in summer 1995 and August 1996, but rarely
exceeded a 22°C daily average (Table 2-4). A daily maximum temperature of 25°C was
generally exceeded on a few days in 1995 and 1996, but was not exceeded in 1997.
Temperature modeling studies suggest that temperatures in this reach could likely not be
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maintained on a reliable basis during most years even at flows of up to 20 cfs. In relatively cool,
wet years, it may be possible to maintain suitable temperatures in some or all of this reach.
Upwelling of cool groundwater, which occurs in a few habitat units, can provide a thermal
refuge for fish in the summer (SYRTAC 1997, 1998, 2000).
Table 2-4

MONTH

1995
June
July
August
September
October
1996
July
August
September
October
1997
April
May
June
July
August
September
October

Bold/Italics:
Bold:
N/A:
Source:

Frequency Analysis of Water Temperature Exceedances in the Refugio
Reach (3.4 miles Downstream of Bradbury Dam) at Surface
FREQUENCY (DAYS)
Average
Maximum
Maximum
Daily
Daily
Monthly
>22°C
>25°C
(°C)

NO. DAYS
MONITORED

Average
Daily
>20°C

Maximum
Monthly
(°F)

16
31
31
30
31

4
26
29
25
1

0
5
9
0
0

0
6
9
1
0

23.9
26.4
26.5
25.0
24.1

75.0
79.5
79.7
77.0
75.4

12
31
30
31

2
23
9
8

0
2
0
0

1
8
9
6

24.7
27.2
26.6
25.4

76.5
81.0
79.9
77.7

30
0
0
14
15
30
31

0
0
0
0
6
7
0

N/A
N/A
0
0
0
0
0

0
0
0
0
0
0
0

Dry
Dry
23.0
24.9
23.8
22.2

73.4
76.8
74.8
72.0

25-74% of the monitored days exceeded criterion
75% or more of the monitored days exceeded criterion
Data not available
SYRTAC 1997, 1998, and other SYRTAC data

2.1.2.3 Alisal Reach
The Alisal Reach extends about 2.6 miles from the Refugio Road Bridge (7.9 miles downstream
from Bradbury) to the Alisal Road Bridge in Solvang (approximately 10.5 miles downstream
from Bradbury). Quiota and Alisal creeks join the mainstem Santa Ynez River in this reach.
Flows generally become non-existent during the summer and fall months except in very wet
years. The habitat composition of this reach (percent of total length) is 35% riffles, 29% runs,
27% glides, and only 9% pools (Table 2-2) (SYRTAC 1999).
The substrate is small cobble, gravel, and fine sediments. As with the Refugio Reach, riparian
vegetation is not well developed, and canopy coverage is poor. Floating mats of algae can be
extensive in the summer. In July 1995, algal mats covered an average of 60% of the aquatic
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habitat surface area in Alisal Reach. Although algal mats declined or disappeared during the
winter of 1995 to 1996, they were again extensive by early summer 1996. In August 1996,
following initiation of downstream water rights releases from Bradbury Dam, algae were not
observed in any of the habitats where snorkel surveys were conducted. In June 1997, algal
mats were again prevalent in monitored pools (25% to 70% cover).
The Alisal Reach is the downstream most extent to which steelhead have been observed on a
regular basis in the mainstem. Generally a few adults may be found in the thermal refugia in this
portion of the river, but numbers are typically sparse.
Temperature monitoring in 1995 through 1997 shows that mean daily temperatures in this reach
generally exceeded 20°C in all years from June through September and often exceeded 22°C in
July or August (Table 2-5). Maximum daily temperatures exceeded 25°C in more than 75% of
days in August in 1996 and 1997. Temperature modeling results indicate that temperatures
suitable for steelhead cannot be maintained in this portion of the river on a reliable basis, even
with flow releases of up to 20 cfs (Woodward-Clyde Consultants et al., 1995, SYRTAC
1997). Upwelling of cool groundwater, which occurs in a few habitat units, can provide a
thermal refuge for fish in the summer (SYRTAC 1997).
Table 2-5

MONTH

1995
July
August
September
October
1996
May
June
July
August
September
October
1997
April
May
June
July
August
September
October

Frequency Analysis of Water Temperature Exceedances at the Alisal
Bridge (9.5 miles Downstream of Bradbury Dam) at Surface
FREQUENCY (DAYS)
Average
Maximum
Maximum
Daily
Daily
Monthly
>22°C
>25°C
(°C)

NO. DAYS
MONITORED

Average
Daily
>20°C

Maximum
Monthly
(°F)

7
31
30
31

7
31
9
5

6
7
0
0

7
7
0
0

26.4
26.3
22.8
22.0

79.5
79.3
73.0
71.6

28
30
31
31
30
31

7
28
31
30
30
15

0
2
23
11
7
0

2
17
30
30
22
9

25.6
28.0
28.2
28.0
27.5
26.3

78.1
82.4
82.8
82.4
81.5
79.3

30
6
30
31
31
30
31

3
2
19
30
31
30
6

0
5
7
8
27
9
N/A

2
2
8
16
27
15
2

25.1
25.8
26.6
26.5
27.9
27.7
25.8

77.2
78.4
79.9
79.7
82.2
81.9
78.4

Bold/Italics 25-74% of the monitored days exceeded criterion
Bold
75% or more of the monitored days exceeded criterion
N/A:
Not available
Source: SYRTAC 1997, 1998, and other SYRTAC data
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2.1.2.4 Avenue of the Flags
The Avenue of the Flags Reach extends 3.1 miles, from Alisal Road Bridge down to the Avenue
of the Flags Bridge in Buellton (about 13.6 miles downstream from Bradbury). The habitat is
almost exclusively run. Substrate here is typically sand and gravel. This reach is essentially
devoid of canopy cover (SYRTAC 1998). Water temperatures at Buellton are potentially
adverse or lethal for steelhead, with nearly all summer days exceeding 20°C, many days
exceeding 22°C average daily in July through September, and a significant proportion of days
exceeding 25°C daily maximum in July and August (Table 2-6).
Table 2-6

MONTH

1995
May
June
July
August
September
October
1996
April
May
June
July
August
September
October
1997
May
June
July
August
September
October

Bold/Italics
Bold
N/A
Source:

Frequency Analysis of Water Temperature Exceedances at Buellton (13.6
Miles Downstream of Bradbury Dam) at Bottom
FREQUENCY (DAYS)
Average
Maximum
Maximum
Daily
Daily
Monthly
>22°C
>25°C
(°C)

NO. DAYS
MONITORED

Average
Daily
>20°C

Maximum
Monthly
(°F)

28
30
31
31
30
31

0
16
31
16
0
0

0
6
10
2
0
0

0
10
14
1
0
0

24.1
27.3
26.4
25.0
21.6
22.4

75.4
81.1
79.5
77.0
70.9
72.3

30
27
30
31
31
30
31

5
0
23
30
30
30
14

N/A
0
0
14
16
5
0

0
0
0
10
29
2
0

24.8
20.6
22.6
27.6
28.1
25.0
22.4

76.6
69.1
72.7
81.7
82.6
77.0
72.3

24
30
31
31
30
31

0
24
28
31
30
6

0
0
7
26
15
0

0
0
0
12
0
0

22.3
22.6
24.3
26.6
24.8
22.9

72.1
72.7
75.7
79.9
76.6
73.2

25-74% of the monitored days exceeded criterion
75% or more of the monitored days exceeded criterion
Data not available
SYRTAC 1997, 1998, and other SYRTAC data

2.1.2.5 Buellton to Lompoc
The mainstem between Buellton and Lompoc (about 37.5 miles downstream from Bradbury at
the Highway 1 Bridge) extends 23.9 miles and includes the Weister Reach (about 16 miles
downstream from Bradbury) and the Cargasachi Reach (a 1.5-mile reach about 24 miles
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downstream from Bradbury). Upstream of Lompoc, near the confluence with Salsipuedes Creek
(about 30 miles downstream from the dam), the channel is broad and braided, with little shading.
In the 1995 survey, runs are the dominant habitat type, with some riffles and few pools
(SYRTAC 1997). Substrate is mainly sand and small gravel. Canopy cover and instream cover
is minimal. Coverage from algal mats in July 1995 was lower compared to the Refugio and Alisal
reaches. In early summer 1996, algal mats were extensive in the Cargasachi Reach, but were
absent in August following initiation of downstream water rights releases.
2.1.2.6 Below Lompoc
This reach extends about 8.3 miles from the Highway 1 Bridge in Lompoc (37.5 miles
downstream of Bradbury Dam) down to the lagoon. Habitat surveys in March 1994 of the two
miles below the Lompoc Wastewater Treatment Facility found the reach dominated by deep
pools formed by numerous beaver ponds (50% of length) (ENTRIX 1995a). Runs were also
extensive, accounting for 37% of the reach, while shallow pools (maximum depth less than 3 feet
deep) and riffles accounted for 12% and 1%, respectively.
Downstream of Bailey Avenue in Lompoc, progressively greater concentrations of riparian
vegetation occur, including extensive growths of willows, both along the sides and within the river
channel. The growth of willows and other vegetation in this area is supported by freshwater
(treated effluent) releases to the channel from the Lompoc Wastewater Treatment Facility.
Substrate in the area is typically sand and fine silt.
2.1.2.7 Lagoon
The lagoon is located at the mouth of the Santa Ynez River, about 9 miles west-northwest of the
town of Lompoc, California. The lagoon typically forms as flows decline after the winter runoff
period when the mouth of the river is filled with sand deposited by both the river and by the
strong longitudinal drift of sand from north to south along the shoreline. High winter river flows
are capable of opening an outlet. Low summer flows are typically insufficient to keep the outlet
open, although inflow from the Lompoc treatment facility and wave action can breach this barrier
(Engblom, pers. comm.).
The lagoon is about 13,000 feet long, with an average width of about 300 feet. Near the beach,
it is substantially wider than at the upstream end. The average water depth is about 4 feet, and
the water surface elevation during the July 1994 sampling period, with the mouth closed, was
almost 5 feet MSL. The volume of water stored in the closed lagoon is approximately 300 AF.
The lagoon supports the growth of emergent aquatic vegetation along the margins, but the
majority of the lagoon is open water. Substrate in the lagoon typically consists of sand and silt.
The lagoon represents a unique habitat characterized by saltwater/freshwater mixing. Water
quality within the lagoon, particularly salinity, has a major influence on the distribution of fish and
macroinvertebrates inhabiting this area of the system. Vertical gradients in water temperature,
dissolved oxygen, and salinity were observed within deeper areas of the lagoon during periods
when the lagoon mouth was closed. Vertical stratification in water quality parameters varied
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substantially between locations and survey periods. Dissolved oxygen concentrations were
generally greater than 5 mg/l in the upper three quarters of the water column during months when
stratification within the lagoon had developed. The lower one quarter of the water column had
dissolved oxygen levels less than 4 mg/l, with concentrations less than 1 mg/l within 1 foot of the
bottom at most locations.
Average daily and maximum daily water temperatures within the lagoon during the summer were
usually lower than water temperatures measured at upstream monitoring locations, with the
exception of locations immediately downstream of Bradbury Dam (SYRTAC 1997). Surface
and bottom temperatures frequently exceeded 20°C average daily but never exceeded 25°C
from May to September (SYRTAC 1997).
Salinity levels within the lagoon followed a consistent longitudinal pattern, with salinity near
brackish/full strength seawater at Ocean Park, decreasing to freshwater at the upstream location.
Salinity level varied at each site between months, reflecting seasonal variation in the balance
between freshwater inflow and tidal influence. Higher salinity concentrations were observed at
high tide at all three sites monitored, particularly when the Lagoon mouth was open.
2.1.3 DISSOLVED OXYGEN MONITORING
Dissolved oxygen concentrations are an important component of habitat for steelhead and
rainbow trout. Among the most profound influences on dissolved oxygen concentrations are algal
concentrations and mixing. Algal concentrations have been observed to be high in all reaches of
the mainstem from late spring to early fall. Large diel fluctuations in dissolved oxygen
concentrations have been linked to high algal concentrations in studies conducted by the
SYRTAC (1997, 1998). In these studies, dissolved oxygen concentrations were monitored in
mainstem pools at times when algae was and was not present (SYRTAC 1997, 1998).
Dissolved oxygen levels were good during the day (>5 mg/l), regardless of algal cover. Predawn surveys found that concentrations were acceptable when algae was not present (usually
about 6 to 9 mg/l); however, when algae was present, dissolved oxygen concentrations in some
pools dropped to as low as 1 to 3 mg/l. Dissolved oxygen concentrations this low would be
expected to result in stress and possible mortality to steelhead. Steelhead are likely to respond
by seeking out microhabitats having more oxygen, such as a riffle, where the water is better
aerated. Observations indicate that large accumulations of algae are removed from pools when
WR 89-18 releases are made. These releases flush the algae out of the pools, resulting in better
dissolved oxygen concentrations.
2.1.4 STEELHEAD USE OF THE MAINSTEM
SYRTAC studies conducted from 1993 to 2000 have documented rainbow trout/steelhead in the
mainstem Santa Ynez River downstream of Lake Cachuma (Table 2-7). These studies have
occurred during wet and average periods, therefore, results probably do not reflect distribution
and relative abundance in dry years.
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Table 2-7

Relative Abundance of Rainbow Trout/Steelhead in the Lower Santa
Ynez River Basin

Miles below
Bradbury
Highway 154 Reach
0-0.5
Refugio Reach
3.4-7.9
Alisal Reach
8-10.5
Avenue of the Flags Reach
14
Weister Ranch Reach
16
Santa Rosa Park Reach
20
Cargasaschi Reach
24
Mainstem Reach

1995
Wet
3-36
0
0
0
0
0
0

Young-of-the-year
1996
1997
1998
Average Average
Wet
0
0
239
0
0
686
0
0
244
0
0
0
0
0
0
0
0
0
0
0
0

1999
Average
5
0
0
0
0
0
0

Juveniles
1996
1997
1998
Average Average
Wet

1999
Average

Mainstem Reach

Miles below
Bradbury

1995
Wet

Highway 154 Reach
Refugio Reach
Alisal Reach
Avenue of the Flags Reach
Weister Ranch Reach
Santa Rosa Park Reach
Cargasaschi Reach

0-0.5
3.4-7.9
8-10.5
14
16
20
24

10-31
1-8
1-14
0
0
0
0

Miles below 1995
Bradbury
Wet
Highway 154 Reach
0-0.5
52-84
Refugio Reach
3.4-7.9
4-43
Alisal Reach
8-10.5
20-38
Avenue of the Flags Reach
14
1
Weister Ranch Reach
16
Santa Rosa Park Reach
20
0
Cargasaschi Reach
24
0
Mainstem Reach

3
0
0
0
0
0
0

23
0
0
0
0
0
0

Adults
1996
1997
Average Average
23
5
1-15
0
8-42
1
0
0
0
0
0
0
0
0

5
5
0
0
0
0
0

6
8
48
0
0
0
0

1998
Wet
48
29
24
0
0
15
0

1999
Average
44
1
6
NS
NS
NS
NS

WY Water Year (October 1-September 30)
NS Not sampled
P Not sampled by snorkeling survey, but presence observed from bank.
Hyphenated values represent the range of fish numbers observed when multiple surveys were conducted.
Data are not standardized to a particular unit (e.g. length of stream) although the methods for data collection are.
Data from snorkel surveys in summer and fall, 1995-1999 (SYRTAC 1997, 1998, 2000; Engblom pers. comm.).
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Spawning activity has been observed in the mainstem directly downstream of Bradbury Dam in
nearly every year of the SYRTAC studies (SYRTAC 1997, 1998, 2000), but no redds were
reported in 1997 (SYRTAC 1998). While no spawning has been observed downstream of the
Highway 154 Reach, redds have been observed in the Refugio Reach in 1999 and in the Alisal
Reach in 2000 (SYRTAC 2000, other data). In addition, young-of-the-year have been
documented in the Refugio and Alisal reaches in 1995 and 1998, both very wet years.
2.2

HILTON CREEK

Hilton Creek is a small, intermittent stream located immediately downstream of Bradbury Dam.
In general, steelhead are known to migrate to the uppermost accessible reaches in a river
seeking spawning habitat. Adults migrating up the Santa Ynez River are blocked by Bradbury
Dam and must find spawning habitat downstream of the dam. Hilton Creek currently provides
the most upstream, tributary spawning habitat available to anadromous fish in the lower Santa
Ynez basin. It is included here because proposed flow-related enhancement releases will be
discharged into Hilton Creek through the supplemental watering system. Please refer to
Appendix C, Tributaries of the Santa Ynez River below Bradbury Dam and Appendix D,
Hilton Creek Enhancement for a more detailed description of Hilton Creek and the
supplemental facility.
2.2.1 PHYSICAL HABITAT
The watershed of Hilton Creek is estimated at approximately 4 square miles, and approximately
2,980 feet of the creek is on Reclamation property, including the confluence with the Santa
Ynez River. The lower reach of Hilton Creek (downstream of the Highway 154 crossing) is
high gradient and well confined. The channel is shaded by riparian vegetation and the walls of
the incised channel. Habitat mapping in 1998 classified the stream below the chute pool
(located approximately 1,380 feet upstream of the confluence) as 58% run, 27% riffle/cascade,
and 15% pool (SYRTAC 2000). Surveys upstream of the chute pool to the Reclamation
property boundary (1,553 feet total) documented 34% run, 61% riffle/cascade, and 5% pool
(SYRTAC 2000). Most pools had suitable spawning habitat at their tails.
Thermograph data, coupled with observations throughout the year, indicate that water
temperatures are generally suitable for over-summering steelhead, although temperatures may
occasionally reach stressful levels for a few days in some years. Water temperatures are lowest
at the upper Reclamation property boundary, with gradual warming occurring towards the
mouth of the creek. Dissolved oxygen concentrations are suitable for rainbow trout/steelhead
(>5 mg/l) when water is flowing in the creek. Channel disturbance and water quality problems
appear to be minimal. Hilton Creek clears quickly even after several days of rain.
2.2.2 STEELHEAD USE OF HILTON CREEK
Hilton Creek is inhabited by rainbow trout/steelhead up to the chute pool (1,380 feet upstream of
its confluence with the Santa Ynez River). Prickly sculpin are found to about 800 feet upstream
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from the mainstem and no introduced warmwater species, such as bass, bullhead or sunfish, are
found in Hilton Creek.
Adult passage to upper Hilton Creek is hampered first by a cascade and bedrock chute (just
upstream of the chute pool) and then completely blocked at a culvert at the Highway 154
crossing (about 4,200 feet upstream from the confluence). Spawning is generally more common
in the upper sections of the accessible reach. No spawning or young-of-the-year have been
observed above the cascade to the Reclamation property boundary (about 2,980 feet upstream
from the mainstem). Anecdotal reports indicate that trout were historically present in upper
Hilton Creek above the Highway 154 Culvert prior to the Refugio Fire in 1955.
Adult rainbow trout/steelhead have been documented migrating into Hilton Creek in all years that
observations have been made, but numbers were low in years with low winter runoff. Production
has been especially good during high runoff years such as 1995 and 1998, when many adults
enter the creek. Adults migrating into Hilton Creek are often large and could be anadromous
steelhead from the ocean (particularly in wet years), rainbow trout that spilled over from Lake
Cachuma, or fish that are resident in the river, its tributaries or the lagoon (SYRTAC 1997).
Because the stream goes dry during the summer, young-of-the-year cannot complete rearing in
lower Hilton Creek under natural conditions (SYRTAC 1997, 1998, 2000). The fish are either
stranded or must enter the mainstem where they are exposed to predatory bass and catfish. Fish
rescue operations saved over 220 young-of-the-year and 5 adults in 1995 and 831 young-of-theyear (up to 100 mm) and 3 adults in 1998, the two years when rescues have been performed.
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3.0
DESCRIPTION OF ACTIONS

3.1

PURPOSE

The flow-related fish enhancement measures described in this appendix were created to
improve fish passage to the mainstem and tributaries near Bradbury Dam and provide additional
rearing habitat in this area. Releases have been designed to provide continuous flows in Hilton
Creek and the mainstem of the Santa Ynez River between the mouth of Hilton Creek and the
Highway 154 Bridge in almost all years. Flow will also be maintained at Alisal Road in spill
years and the year following a spill year. Releases may also be made into the Stilling Basin,
likely to occur in wet years, to improve habitat in the short reach between the dam and the
mouth of Hilton Creek. Finally, releases will be made into the mainstem to provide additional
passage opportunities for migrating steelhead. This section describes how releases will be made
to enhance the fishery in the lower Santa Ynez River.
3.2

LAKE CACHUMA SURCHARGE

The storage capacity in Lake Cachuma can be increased by installing higher flashboards on the
spillway radial gates at Bradbury Dam that will allow surcharging of the reservoir. The
additional water stored will support the flow-related enhancement measures. Currently,
Reclamation can surcharge Lake Cachuma to 0.75 feet above the reservoir full level at elevation
750 feet. A 0.75 foot surcharge yields approximately 2,300 AF of additional storage in Lake
Cachuma in years when the reservoir spills. About 5,500 AF of storage is provided by a 1.8
foot surcharge. A surcharge of 3 feet would provide conservation storage of about 9,200 AF
over that available at the 750 foot elevation. Operations modeling for the 1918 to 1993 period
of record indicates that the 3-foot surcharge, proposed here for long-term operations, would
likely occur in 24 out of the 76 years (32% of years).
For the higher levels of surcharge to occur (1.8 and 3 feet), environmental review must be
completed, flashboards for the existing spillway gates must be modified, and there must be an
opportunity to surcharge the reservoir. Reclamation has already determined that it is feasible,
from an engineering perspective, to make the appropriate spillway gate modifications for either
the 1.8 or 3-foot surcharge (Reclamation 1998). Surcharging the reservoir to 1.8 feet was
evaluated in the EIR/EIS for the Cachuma Reservoir Contract Renewal (Woodward-Clyde
Consultants 1995) and determined to have no significant impact. Surcharging the reservoir to a
level higher than 1.8 feet (i.e., elevation 753 feet) will require disclosure of potential effects on
the human environment, including temporary flooding of some county park facilities, and effects
on sensitive resources such as oak trees (NEPA compliance). Evaluation of potential effects on
the human environment, under NEPA, for the proposed 3-foot surcharge will be evaluated by
Reclamation. CEQA review will be accomplished by the EIR currently in process by the
SWRCB. It is anticipated that construction of the flashboard modifications required to allow
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the 1.8 foot surcharge will be completed next year. These modified flashboards will also
accommodate the 3 foot surcharge once environmental review is complete.
The long-term operations described below will begin once the reservoir has surcharged to the
proposed 3-foot level for the first time, thus storing an additional 9,200 AF of water to support
the actions. Reclamation has proposed operations changes to benefit steelhead and their habitat
in the interim period prior to implementation of the proposed 3-foot surcharge. Reclamation
anticipates that the environmental review and construction required to implement the proposed
3-foot surcharge will be in place by 2004 with the implementation of long-term operations
expected in 2005, should sufficient rain occur to allow for surcharge in this year.
Sections 3.3 through 3.5 present the long-term releases proposed for fish enhancement (longterm operations). Section 3.6 presents those actions that will be taken in the interim prior to
surcharging the reservoir to the 3-foot level required for implementation of the long-term
operations. In addition to the flow-related enhancement measures, a number of conservation
measures will be implemented as described in Appendices C and D, and a long-term monitoring
program will also be included to assist in the adaptive management and evaluation of the
program (Appendix I).
3.3

CONJUNCTIVE USE OF RESERVOIR RELEASES AND DOWNSTREAM WATER RIGHTS
RELEASES TO M EET M AINSTEM REARING TARGET FLOWS

The objective of conjunctive operations is to extend the period of time each year when instream
flows improve fisheries habitat for over-summering and juvenile rearing within the mainstem river
and Hilton Creek. As a part of the Project operations, water will be made available within
Lake Cachuma for the purpose of environmental protection and enhancement of habitat
downstream of Bradbury Dam. Mainstem target flow levels have been designed to reflect
annual and inter-annual variations in hydrologic conditions.
First priority for flow enhancement will be given to Hilton Creek and the reach from the Hilton
Creek confluence to Highway 154. The second priority will be the area between Bradbury
Dam and the Hilton Creek confluence, including the Stilling Basin and Long Pool, and third
priority is given to the mainstem downstream from Highway 154 to the Solvang area. These
priorities have been established based on the quality of existing habitat, the results of extensive
water temperature monitoring and modeling, and the likelihood for successful protection and
improvement of steelhead use. Temperature monitoring and modeling suggest that improved
temperature conditions will not extend beyond the Highway 154 Bridge.
Target flows will be established in the mainstem and will vary in order to provide greater
biological benefit. In years of higher flow, the mouth of the estuary will open, and steelhead will
be able to migrate up the mainstem to spawn. Under the proposed target flows, more water is
provided in these years which are expected to be highly productive. In years of lower flow, the
mouth may not open, and migration up the mainstem may not be possible; but fish holding over
from previous years must be sustained. Lower target flows are set to provide habitat
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maintenance flows for these rearing fish. By having a variable mainstem target flow, more water
is available when it will support the most steelhead.
During winter runoff seasons, natural flow from tributaries generally provides instream flow in
the mainstem of the Santa Ynez River. In wet years, instream flows continue into early summer.
In addition, spills from Lake Cachuma tend to enhance and prolong the instream flows in the
mainstem in wet years. Water rights releases are made during the spring, summer, and/or fall of
most average and dry years. Additional reservoir releases will augment natural flow and water
rights releases to meet rearing target flows that have been set at two locations in the mainstem.
Releases to meet the target flows will be managed to extend the period of time when instream
flows improve fisheries habitat for oversummering and juvenile rearing. Targets will be set at the
Highway 154 Bridge in all but the driest of years and at the Alisal Road Bridge in spill years and
the year following a spill year.
In general, managed releases provide opportunities for improved maintenance of fisheries
habitat over longer periods of time than have occurred in the past several decades. These
releases can be made from the Bradbury Dam outlet and/or via the Hilton Creek supplemental
water supply facility. Benefits can include an increased amount of aquatic habitat, improved
dissolved oxygen conditions from flushing of accumulated algae, and generally reduced water
temperatures in habitat close to Bradbury Dam. Conjunctive operation of reservoir releases
and water rights releases to meet mainstem rearing target flows will be made to improve habitat
conditions year-round in all but the driest (2%) of years. The releases will build the rainbow
trout/steelhead population during wet years, while maintaining the rainbow trout/steelhead
population and other fishery resources in dry years.
3.3.1 DOWNSTREAM WATER RIGHTS RELEASES
Releases are made from Bradbury Dam to meet downstream water rights requirements (WR
89-18). These releases are typically made during the late spring and/or summer and early fall,
using flow patterns designed to recharge the groundwater basin between Bradbury Dam and the
Lompoc Narrows and the Lompoc groundwater basin. Mainstem rearing flow targets will be
met and surpassed during water rights releases. The majority of the flow will be released
through the Bradbury Dam outlet works, although a small portion may go via the Hilton Creek
system. The conjunctive operation will occur through coordination among Reclamation, the
Adaptive Management Committee, and Santa Ynez River Water Conservation District
(SYRWCD), which has committed to participate in conjunctive use operations.
3.3.1.1 Water Rights Releases
SWRCB Order WR 73-37, as amended in Order WR 89-18, established requirements for the
release of water from Lake Cachuma intended to offset the impacts of the Cachuma Project
upon downstream water right holders. These releases from Lake Cachuma are structured on
two water storage accounts in Lake Cachuma, one for the area above the Lompoc Narrows
(Above Narrows, ANA) and one for the area below the Narrows (BNA).
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The credits to the two accounts are determined based on the impairment in the amount of
natural replenishment from the Santa Ynez River to the groundwater basins downstream of
Bradbury Dam caused by the operation of Lake Cachuma. The ANA credits are calculated
based on surface water observations and groundwater depletion in the above Narrows basin.
The BNA credits are calculated based on constructive flows at the Narrows and constructive
percolation from the Santa Ynez River in the Lompoc basin.
The amendments to WR 73-37, as ordered under WR 89-18, significantly increased the below
Narrows releases for the Lompoc area, resulting in an operation benefiting both the above and
below Narrows areas. Therefore, historical releases under WR 73-37 cannot represent the
present release regime under WR 89-18. Table 3-1 and Table 3-2 show the historic releases
at Bradbury Dam for the above and below Narrows areas under WR 73-37 and WR 89-18,
respectively.
Downstream releases are typically not made in wet years because the groundwater basins are
replenished by precipitation and runoff in the Santa Ynez River. In dry years, there are
generally two or three periods of releases to provide water to the users in the above Narrows
area. In normal years and in some dry years, depending on hydrologic conditions and
availability of water in the ANA and BNA, combined releases are made to replenish the
groundwater basins in the above and below Narrows areas. Downstream water rights releases
are made when the Santa Ynez River bed is dry and water levels in the groundwater basins
have receded so that there is at least 10,000 AF of dewatered storage available in the above
Narrows basin. The duration and rate (including initial rate) of releases varies depending on
whether water is released for the purpose of recharging only the above Narrows area or both
the above and below Narrows areas together. For example, combined releases for the above
and below Narrows areas may begin at the rate of 135 cfs to 150 cfs and are maintained at a
steady rate for about 12 to 15 days before they are gradually decreased to lower flow rates.
During the initial period of 12 to 15 days, the flow moves at a rate of less than 3 miles per day.
As the recharge rate decreases in the river bed, the release rate is also gradually reduced
depending on groundwater levels. In essence, the release rates are maintained at such rates that
water would disappear in the lower reaches of the Santa Ynez River channel. Thus, water
rights releases do not create a continuous channel to the ocean nor are releases made when
continuous flow exists. The reduced releases could extend two to three months and then are
gradually ramped down to match scheduled releases to meet mainstem target flows.
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Table 3-1

Downstream Water Rights Releases1 under WR 73-37 by Calendar
Year
Calendar
Year
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1

Table 3-2

ANA
Release
1,353
1,152
4,237
2,299
56
1,200
0
4,175
6,655
0
3,162
5,686
5,317
3,887
5,050

BNA
Release
0
0
0
0
0
0
0
0
755
0
0
0
1,780
0
1,283

Total
Release
1,353
1,152
4,237
2,299
56
1,200
0
4,175
7,410
0
3,162
5,686
7,097
3,887
6,333

(Acre Feet)

Downstream Water Rights Releases1 under WR 89-18 by Calendar
Year
Calendar
Year
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
1

ANA
Release
5,192
4,792
7,745
4,930
0
6,727
0
7,319
9,522
0
0

BNA
Release
0
0
3,638
3,287
0
4,012
0
3,459
3,438
0
0

Total
Release
5,192
4,792
11,383
8,217
0
10,739
0
10,778
12,960
0
0

(Acre Feet)
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Releases for the above Narrows areas are made for shorter durations and lower initial rates
compared to the combined releases described above, but they follow the same principles.
3.3.1.2 CCWA Deliveries and Releases
In 1997, deliveries of water from the State Water Project (SWP) were started to the Santa
Ynez River Water Conservation District, Improvement District Number 1 (ID #1) and Lake
Cachuma. As part of the project, the pipeline that formerly delivered the Cachuma Project
entitlement to ID #1 was purchased and improved by the Central Coast Water Authority
(CCWA) to convey SWP water in through the outlet works in the dam and into the reservoir.
This water is available for later conveyance to the South Coast. ID #1 will receive treated
SWP water in exchange for ID #1’s Cachuma Project entitlement.
The CCWA pumping facility has a maximum capacity of 22 cfs. When a downstream release
coincides with a SWP water delivery, and the releases is greater than the 10 cfs design capacity
of the Hilton Creek system, SWP water will be blended in the outlet works with Lake Cachuma
water and released to the river. For fisheries purposes, CCWA has agreed to guarantee a
released water temperature of less than 18°C when SWP water is to be released into the river
downstream of the dam. In addition, the SWP water will not comprise more than half of the
water to be released into the river. CCWA water will not be released into the Santa Ynez
River when there is continuous flow from the dam to the ocean during the months of December
through June (NMFS 2000). This provision will prevent smolts that could migrate to the ocean
from potentially imprinting on non-Santa Ynez River basin water. Because downstream water
rights releases are made only when there is discontinuous flow in the Santa Ynez River
mainstem, the provision will have no impact on water rights releases.
3.3.1.3 Mainstem Ramping
Operation of water rights releases will be managed to avoid stranding of rainbow trout/steelhead
and other fish species. Since 1994, water rights releases have been ramped down voluntarily at
the termination of the WR 89-18 releases in accordance with recommendations of the
Biological Subcommittee of the SYRTAC. This practice will be continued under the proposed
operations using the ramping schedule outlined in Table 3-3. A schedule for ramping flows
upward is unnecessary as the travel time of water in the river will attenuate the rate of increase
as described above.
3.3.2 MAINSTEM REARING TARGET FLOWS
Target flows for rainbow trout/steelhead rearing and over-summering will be established at two
locations: at the Highway 154 Bridge and at the Alisal Bridge (Figure 2-1). Releases up to the
system capacity (designed for 10 cfs) will be made from the Hilton Creek supplemental
watering system to meet these targets. The supplemental system has the ability to make these
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Table 3-3

Mainstem Ramping Schedule for Downstream Water Rights Releases

Release Rate
(cfs)

Maximum Ramping
Increment (cfs)

Minimum Ramping
Frequency

> 90

25

4 hours

90 to 30

10

4 hours

30 to 10

5

4 hours

10 to 5

2.5

4 hours

5 to 3.5

1.5

4 hours

3.5 to 2.5

1

4 hours

releases to both Hilton Creek and/or the Stilling Basin based upon the criteria described in the
Hilton Creek Appendix (Appendix D). In years when the lake spills (when the storage in Lake
Cachuma is above 120,000 AF) and the spill amount exceeds 20,000 AF, a target flow of 10
cfs at the Highway 154 Bridge will be set. When the lake does not spill, or the spill amount is
less than 20,000 AF, and the storage in Lake Cachuma exceeds 120,000 AF, then a target
flow of 5 cfs will be maintained. When lake storage recedes below 120,000 AF, the target
flow at the Highway 154 Bridge will be 2.5 cfs. When reservoir storage determines the target
flow, storage will be assessed at the beginning of each month and the target flow set
accordingly. In critical drought years (Lake Cachuma storage ≤30,000 AF), periodic releases
from Bradbury Dam will be made to improve water quality in the Stilling Basin and the Long
Pool. Thirty AF per month will be reserved to provide refreshing flows. In these years,
Reclamation will consult with NMFS to determine what actions will be taken to protect
steelhead in lower Hilton Creek and the mainstem reaches (NMFS 2000). These flow targets
are summarized in Table 3-4.
In addition to the Highway 154 Bridge targets, flow targets will be established at the Alisal
Bridge. In years when the Lake Cachuma spill amount exceeds 20,000 AF and steelhead are
present in the Alisal Reach, a target flow of 1.5 cfs will be maintained at the Alisal Bridge. A
1.5 cfs target will also be maintained at this location in the year immediately following a spill year
(a year with the spill amount exceeding 20,000 AF) if steelhead are present in the Alisal Reach.
Figure 3-1 shows what the annual releases would have been to meet the established mainstem
target flows based on Santa Ynez River model runs from 1918 to 1993. The model analysis
shows that the average release for habitat maintenance would have been approximately 2,290
AF under the proposed operations.
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Average Annual Release

Figure 3-1

Modeled Annual Releases to Meet Long-Term Mainstem Rearing Target Flows
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Table 3-4

Summary of Mainstem Target Flow Releases

Lake Cachuma
Storage

Reservoir Spill?

Target Flow

Target Site

> 120,000 AF

Spill > 20,000 AF

10 cfs

Highway 154 Bridge

> 120,000 AF

Spill > 20,000 AF

1.5 cfs*

Alisal Road Bridge

> 120,000 AF

Spill < 20,000 AF or
No Spill

5 cfs

Highway 154 Bridge

< 120,000 AF

No Spill

2.5 cfs

Highway 154 Bridge

< 30,000 AF

No Spill

Periodic release; ≤
30 AF per month

Stilling Basin and
Long Pool

> 30,000 AF

Spill < 20,000 AF or
No Spill

1.5 cfs*

Alisal Road Bridge**

*When rainbow trout/steelhead are present in the Alisal Reach.
**This target will be met only in the year following a >20,000 AF spill year.

The target flows design provides for rearing flows at the Highway 154 Bridge in all but the driest
2% of years. In these dry years, mainstem habitat will be refreshed instead of a continual flow
target being met. Analysis of historical hydrology using the Santa Ynez River Hydrological
Model (SYRHM) monthly data indicates that it will be possible to meet the target flows under
most conditions. Figure 3-2 shows the daily exceedance flow for the Santa Ynez River at
Highway 154 based on simulations of the SYRHM from 1918 to 1993. Flow at Highway 154
would exceed 2.5 cfs about 98% of the time, 5 cfs about 77% of the time, and 10 cfs about
39% of the time. Some of the flow targeted for Highway 154 persists downstream as far as the
Alisal Reach during most years (Figure 3-3). Flow at the Alisal Bridge, according to the model,
would exceed 1.5 cfs approximately 75% of the time.
In order not to impact State Water Project deliveries, the Hilton Creek supplemental watering
system will be used to make the reservoir releases necessary to meet the mainstem rearing
target flows. Based on the designed capacity of the Hilton Creek supplemental watering system
to deliver 10 cfs, the model shows that the 10 cfs target at Highway 154 was not met in its
entirety in 34 out of the 185 months that the 10 cfs target would have been in place. However,
the model demonstrates that in those months where the 10 cfs target was not met, there would
have been at least 8.5 cfs at Highway 154. The model showed that the other targets would
have been met in all years based on historical watershed conditions. The existing infrastructure
of the Hilton Creek facility (the gravity fed portion of the system) is being repaired to increase
the capacity which is currently below the anticipated 10 cfs level. Additional portions of the
facility, the pump and flexible intake, will be added in the next few years.
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Figure 3-2

Modeled Flow at the Highway 154 Bridge under Long-Term Operations
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Figure 3-3

Modeled Flow at the Alisal Bridge under Long-Term Operations
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3.3.3 FLOW TARGET COMPLIANCE MONITORING
Habitat maintenance flow targets have been established at the Highway 154 Bridge, where there
was formerly a U. S. Geological Survey (USGS) gaging station. Currently, a number of options
for monitoring the Highway 154 target flow compliance are being explored. The Member Units
are in discussion with CalTrans, which has an easement at the Highway 154 Bridge, to allow
access for gage installation and monitoring. Until the gage is in place, monitoring of the flow
level at the Highway 154 Bridge will occur weekly when flows have receded to the target flow
levels using a standard methodology. In addition, a staff gage or other marking devise may be
used once weekly monitoring for no less than one rearing season has occurred to establish the
relationship between the marker and flow. Flows in the Alisal Reach will likely be monitored by
the USGS Solvang gage. Modifications to this gage will be necessary to improve its ability to
monitor low flows. If the residual pool depth must be maintained in the interim period in the
Refugio and Alisal Reaches, a staff gage installed these pools. The water surface elevation will
be monitored weekly.
3.4

PASSAGE FLOW SUPPLEMENTATION

Upstream migration is an important event in the steelhead lifecycle. Steelhead, like the other
anadromous salmonids, are born in freshwater and live there for generally one or two years
before migrating to the sea. While at sea, they grow to sexual maturity and then return to the
stream in which they were born to spawn. If passage from the ocean to their spawning grounds
is prevented, steelhead cannot complete their lifecycle and spawn the next generation. When
this happens steelhead may spawn in another stream or wait for another year to spawn. Unlike
salmon who die after spawning, steelhead are capable of spawning several times (in different
years) under the right conditions (Shapovalov and Taft 1954). Prior to steelhead migrating
upstream in the river itself, they must first be able to enter the river from the ocean. The mouth
of the Santa Ynez River is frequently closed by the presence of a sandbar. This bar forms
during the summer when flows are low and wave energy is also low. It is breached in the winter
by a combination of higher river flows and greater wave energy. Winter runoff from
Salsipuedes Creek appears to be sufficient to breach the bar before enough flow is available in
the mainstem. The purpose of the passage flow supplementation is to improve the opportunity
for steelhead to migrate from the Santa Ynez lagoon to the mainstem and tributaries upstream of
Alisal Road.
The proposed operations provide frequent passage opportunities for migrating steelhead in wet
years (spill years). In these years, tributary and mainstem habitat is accessible and of good
quality. In dry years, there is a limited number of passage opportunities. Low flows in the
tributaries can limit access to tributary habitat, and this habitat is of lower quality in these years.
In other years, passage opportunities may be limited while tributary habitats are suitable for
occupancy. An experimental program for supplementing existing storm flow has been develop
and is described below. The passage flow supplementation plan proposed here promotes good
passage conditions in years after steelhead have likely been highly productive in the system.
Reclamation and years after steelhead have likely been highly productive in the system.
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Reclamation and the Cachuma Member Units will work with NMFS to further refine this
program to maximize the positive benefits of the passage releases.
3.4.1 FISH PASSAGE ACCOUNT
For the purpose of supplementing passage flows, a Fish Passage Account will be created in
Cachuma Reservoir. The Fish Passage Account will be filled in years when the reservoir
surcharges, and released in subsequent years to enhance passage opportunities by augmenting
storm flows. The Fish Passage Account will be allocated 3,200 AF of water from the 3-foot
surcharge (see Section 3.6 for interim allocations). The Fish Passage Account water will be
released starting in the year after the reservoir surcharges to 3 feet, and in subsequent years until
there is no more water in the Fish Passage Account.
Fish Passage Account water stored in Lake Cachuma will not diminish by evaporation or
seepage losses. Any unused portion of the Fish Passage Account will be carried over to
following years until the reservoir surcharges again. In the event of a spill, the Fish Passage
Account will be deemed to spill, and the account will be reset to a new allocation of 3,200 AF.
If only a partial surcharge is possible (not the complete volume between 1.8 and 3 feet [the first
5,500 AF from the 1.8 foot surcharge supports reservoir releases for rearing target flows]), then
the Fish Passage Account would receive the surcharge amount in excess of the 1.8-foot
surcharge, plus any carryover in the account with the total not to exceed 3,200 AF. Simulations
with the SYRHM indicate that when the reservoir spills, the surcharge space is always
completely filled; although, in theory, a partial surcharge is possible.
There is limited data on mainstem fish migration in the Santa Ynez River system and a
incomplete record of tributary migration monitoring. The record is incomplete because of
difficulty in installing and maintaining mainstem traps and because of the need to remove traps
during high flow periods. The SYRTAC migrant trapping program has, however, been able to
identify the period when fish are migrating in the system. Specific details, such as the travel time
of migrating fish, can not be determined from the existing data. In addition, trapping data is
limited to the fairly wet climatic period that the SYRTAC studies have been conducted in.
Because some uncertainty regarding the movement patterns of migrating steelhead remains, and
because the protocol described below is experiemental, the passage flow supplementation
proposal will be adaptively managed. The Adaptive Management Committee (see Section
3.4.3) will be responsible for managing the Fish Passage Account releases. To provide
resources for evaluation of the program by the Adaptive Management Committee, the existing
tributary migrant trapping program will continue, and an additional trap will be installed in the
Refugio Reach to monitor mainstem migrants (see Appendix I for more detail on the monitoring
program). The Fish Passage Account releases will be based on the following passage
supplementation regime, although modifications may be made based on further biological data,
dam operational requirements, fish use, prior hydrologic events, and other relevant factors.
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3.4.2 PASSAGE SUPPLEMENTATION CRITERIA
Releases for fish passage supplementation will be made in years following a surcharge year until
all of the water in the Fish Passage Account has been released. Releases will be made to
augment storms in January through May (passage period). For the purpose of fish passage
supplementation, a storm is defined as flows of 25 cfs or more at Solvang (see discussion
below). The first storm in January will not be supplemented as it is considered to be a recharge
storm and will prime the lower watershed for future releases. All storms in the passage period
will be supplemented unless specific conditions are met (see below). No passage flow
supplementation will occur until the sandbar has been breached by natural events. The sandbar
will be visually inspected each week during the migration season to determine its status, and a
water level recorder will be installed in the lagoon to monitor ponding conditions.
For the purpose of fish passage supplementation, a storm is defined as flows of 25 cfs or more
occurring at Solvang (monitored at the Alisal USGS gage). The 25 cfs criteria was selected for
three reasons. First, 25 cfs provides passage flow in the Alisal Reach, and passage at these
critical riffles should indicate that passage is provided over critical riffles upstream to the dam
(SYRTAC 1999b). Second, a flow of 25 cfs at Solvang indicates that the tributaries upstream
of Solvang (e.g., Quiota and Hilton creeks) are flowing and will provide steelhead access to
these habitats. Finally, 92% of the time when there is a flow of 25 cfs or more at the Solvang
gage, there is at least 15 cfs flowing in the Santa Ynez River upstream of the confluence with
Salsipuedes Creek, indicating there is continuity of flow throughout the mainstem. Passage over
the critical riffle at the Lompoc Narrows is achieved 92% of the time that there is 25 cfs at
Solvang, indicating passage flows for adult steelhead exist upstream to Bradbury Dam.
The passage flow supplementation will take the form of enhancing the storm hydrograph at
Solvang. A decay function for the hydrograph recession at the Los Laureles gage above
Cachuma Reservoir has been calculated. Figure 3-4 compares the average storm recession
hydrograph for the Los Laureles and Solvang gages. The Solvang gage recedes at a faster rate
than the Los Laureles gage primarily because the Solvang gage measures flow from a smaller
watershed in the absence of spills at Bradbury Dam. The decay rates begin to diverge at about
150 cfs. The Los Laureles decay function from 150 cfs to 25 cfs takes approximately 14 days.
Fourteen days was considered to be a reasonable, continuous passage event for migrating fish.
The combination of the divergence, the 14 days of passage flows, and the operational maximum
release from the Bradbury Dam outlet works, also 150 cfs, determined the flow trigger for the
fish passage releases.
Flow supplementation will begin when the unsupplemented storm hydrograph at Solvang
recedes from its peak to 150 cfs. From 150 cfs to 25 cfs, releases will be made from the Fish
Passage Account such that the combination of natural flow and passage releases mimic the Los
Laureles decay curve at Solvang. From 25 cfs to baseflow, releases will be made based on the
mainstem ramping rate (Table 3-4 above). Figure 3-5 shows how basin input and Fish
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Figure 3-4

Average Inflow Decay Rates at the Los Laureles and Solvang Streamflow Gages
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Passage Account releases would combine to provide additional passage days under this flow
supplementation scenario (Example #1). In the event that storm peaks at Solvang are less than
150 cfs but greater than 25 cfs, releases will be made from Bradbury Dam to supplement not
only the decay curve of the storm hydrograph, but also the peak storm discharge. Thus, up to
the outlet works capacity of 150 cfs will be released to boost the peak storm discharge to 150
cfs at Solvang, and then the Los Laureles decay function will be applied as Example #2.
Releases for fish passage supplementation will come from the outlet works at Bradbury Dam,
although a portion of the releases (≤ 10 cfs) may come through the Hilton Creek supplemental
watering system. When several storms come together, there is typically a number of passage
opportunities such that supplementing all these storms is not warranted. In the Santa Ynez River
watershed, there may be several storm peaks with brief hydrograph recessions in between.
When storm flows between these peaks do not recede to 150 cfs, these peaks are all
considered to be the same storm event. In this case, passage flow supplementation will occur
when flows finally recede to 150 cfs. In other cases, a storm event may trigger the start of the
target period for passage releases by reaching 150 cfs, and supplementation will occur such that
flows will decay over 14 days to 25 cfs. If a second storm peaks within 7 days following the
conclusion of the 14 day target period, the second storm will not be supplemented (Figure 3-6).
This criteria establishes a 21 day window in which supplementation of a second storm will not
occur. The window begins when the passage flow target period (14 days) is triggered by
reaching 150 cfs and continues for 7 days after the end of the target period. If the passage flow
target period begins for a storm, but is not completed because a second storm occurs, then the
second storm will not be supplemented as it has occurred within a 21-day window. The
purpose of this criteria is to conserve Fish Passage Account water for later supplementation,
which can extend the biological benefit of the Fish Passage Account into future months and
years.
The quantity and frequency of passage releases under the proposal were calculated using USGS
gaged daily flows at Solvang for 40 years post-Cachuma construction (1958 to 1998). Flows
required to provide passage supplementation for individual storm events are estimated to range
from 300 to 1,800 AF. Passage releases would occur starting in the year after the Fish Passage
Account is filled by a surcharge event up to, on average, two to three years after the surcharge,
but could occur up to eight years after the surcharge event. Table 3-5 tabulates the releases for
supplementation of passage by year and shows how the operation of the Fish Passage Account
(3,200 AF) would be implemented. In those years when the Fish Passage Account is released
in a single year, it is generally because there were a number of small storms whose peaks were
boosted and then the recession curve applied.
All storms in the passage period will be supplemented unless (1) flows at Solvang reach 25 cfs
within 7 days from a prior fish passage target period (the second storm will not be
supplemented), (2) the Adaptive Management Committee determines that there is a greater
biological benefit to not supplement a particular storm, or (3) there is no water left in the Fish
Passage Account.
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7-day Period in which if a second storm peaks, then the
second storm will not be supplemented

Figure 3-6

Example of the 7-Day Passage Supplementation Criteria
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Table 3-5

YEAR
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

Long-Term Releases for Passage Supplementation (Water Years, 1958
to 1998)
Allocation to Fish
Passage Account

Years from
Surcharge

3,200
1
2
3
3,200
1
2
3
4
3,200
1
3,200
1
2
3
3,200
3,200
3,200
1
2
3,200
3,200
3,200
1
2
3,200
3,200
1
2
3
4
5
6
7
8
3,200
1
3,200
1
2
3,200
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Releases from Fish
Passage Account
0
740
2,460
0
0
3,200
0
0
0
0
3,200
0
2,813
387
0
0
0
909
1,811
0
0
0
0
1,170
1,298
0
0
0
957
0
1,670
0
0
573
0
0
2,759
0
2,716
484
0

End-of-Year Fish
Passage Account
Balance
3,200
2,460
0
0
3,200
0
0
0
0
3,200
0
3,200
387
0
0
3,200
3,200
3,200
1,389
1,389
3,200
3,200
3,200
2,030
732
3,200
3,200
3,200
2,243
2,243
573
573
573
0
0
3,200
441
3,200
484
0
3,200
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3.4.3 ADAPTIVE MANAGEMENT OF THE FISH PASSAGE ACCOUNT
The protocol set forth above will be used to supplement passage flows and will be monitored
closely to provide information to the Adaptive Management Committee. Operating criteria have
to be put in place for monitoring peak storm flows at Solvang and concurrent releases at
Bradbury Dam for the purpose of implementing the passage flow supplementation.
Based on the results of these experimental releases, the Adaptive Management Committee will
manage the Fish Passage Account releases to increase the biological benefit to steelhead.
Initially, all storms will be supplemented as described above. As data are gathered on passage
releases, fish movement within the system, and steelhead migration in general, modifications to
the release scenario might be made. Such modifications may include changing the trigger flow
level, changing the definition of a storm, and selecting to boost storm peaks that are less than
150 cfs to different levels.
Releases in the month of May might also be modified as more downmigrant information is
developed. These modifications will likely be similar to those used to extend the water supply
availability and might also include extending the tailout for longer periods of time. The decay
rate strategy will continue to be applied unless there is data to suggest a more effective release
strategy for passage flow supplementation. The Adaptive Management Committee will work
with NMFS to refine the fish passage supplementation protocol to (1) shift releases away from
dry years and (2) review storm flow decay curves and other methods for providing increased
migration ability (NMFS 2000).
Early in the year, water in the Fish Passage Account will be used to supplement every storm
meeting the requirements. For releases in late April and in May, however, the committee may
begin to consider the storage in Cachuma Reservoir, and the likelihood of a surcharge in the
following year, the balance of the Fish Passage Account, the current and prior passage
opportunities, and expected baseflow recession levels in deciding whether further
supplementation is warranted.
In addition, the Adaptive Management Committee will work with NMFS to develop a strategy
to refine this passage supplementation protocol to (1) reduce the number of dry years in which
supplementation occurs, to (2) review the use of the mean Los Laureles decay curve as the
desired flow shape at Solvang, and (3) to study other methods for providing additional passage
opportunities (the strategy must be presented to NMFS by March 11, 2001; NMFS 2000).
Once NMFS and the Adaptive Management Committee have agreed to the refinement strategy,
it will be implemented.
3.5

ADAPTIVE M ANAGEMENT ACCOUNT

The Santa Ynez River system is still under study and new information about many of the
operations proposed in this document will be gathered over the course of implementing and
monitoring these measures. Many components of the proposed operations will be managed by
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the Adaptive Management Committee. This committee will be comprised of a representative
from Reclamation, the Cachuma Conservation Release Board, ID #1, the Santa Ynez River
Water Conservation District, NMFS and DFG.
Potential scenarios are foreseeable where small amounts of additional water could provide a
substantial biological benefit in this adaptive management program. In order to capitalize on
these occurrences, an Adaptive Management Account will be established. The Account will
contain water that the Adaptive Management Committee can use to provide additional benefits
to steelhead and their habitat.
The Adaptive Management Account will be filled in years when the reservoir surcharges to the
proposed 3-foot level. Of the additional 9,200 AF provided by the proposed 3-foot surcharge,
5,500 AF supports reservoir releases for the rearing target flows and 3,200 AF is allocated to
the Fish Passage Account. The remaining surcharged water (500 AF) will be allocated to the
Adaptive Management Account. This account will be maintained using the same guidelines as
the Fish Passage Account. The Adaptive Management Account will not experience
evaporation or seepage losses; the unused portion will be carried over to the next year; and in
the event of a spill, the Adaptive Management Account will be deemed to spill, and the account
will receive a new allocation from the surcharged water.
The Adaptive Management Account will be used at the discretion of the Adaptive Management
Committee to increase the biological benefit to steelhead and their habitat as opportunities arise.
The account water can be used to increase releases for mainstem rearing, provide additional
flows to Hilton Creek, or to provide additional water for passage flow supplementation. For
instance, perhaps the last storm of the season was the first week in May, and that storm used
the remaining water in the Fish Passage Account. However, monitoring data from trapping is
demonstrating that a number of smolts are attempting to outmigrate but are having difficulty
because of low flows in the mainstem. Water from the Adaptive Management Account could
be released to provide additional flow for these fish.
3.6

INTERIM OPERATIONS

Reclamation and the Cachuma Member Units are proposing to surcharge Lake Cachuma and
use the surcharged water to provide habitat and fish passage enhancement in the lower Santa
Ynez River. Implementation of the surcharge requires environmental review and compliance,
and construction of flashboards to enable a surcharge. Because implementation of additional
surcharge requires facility modifications, interim operations have been developed to provide
increased habitat and passage opportunities until long-term operations are in place (i.e., the 3foot surcharge water is available).
Interim actions identified to protect and enhance habitat conditions for steelhead within the
lower Santa Ynez River have been developed based on results of scientific investigations
performed by the SYRTAC in combination with extensive hydrologic modeling to evaluate the
feasibility and water supply impacts associated with various alternative interim actions. Field
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fisheries investigations have identified factors such as elevated summer water temperature in
affecting habitat quality and availability, particularly for summer steelhead rearing. The
investigations have also identified the best available habitat for juvenile steelhead rearing at the
reach of the lower Santa Ynez River between Bradbury Dam and Highway 154, and within
tributaries such as Hilton Creek. The interim plan of action is designed to protect and enhance
these high-value habitat areas using resources and modifications to existing operations under the
direct authority of Reclamation and the Member Units with support of the Santa Ynez River
water users and the SYRTAC.
The proposed interim plan builds on the fishery actions already implemented within the Santa
Ynez River to provide the greatest benefits possible to steelhead on a short-term basis within
the constraints of reservoir facilities, hydrologic variability within Santa Ynez River watershed,
and water supply operations. The fundamental objective of the proposed program of interim
actions outlined below, in combination with the fishery actions taken to date, is to protect the
Santa Ynez River steelhead. Once the proposed 3-foot surcharge is complete, the additional
facilities and operational flexibility provided through the long-term plan will substantially improve
instream flow conditions for various life stages of steelhead.
3.6.1 SURCHARGE INTERIM PHASES
Two interim phases of operations will occur prior to implementation of the long-term operations.
The first set of interim operations has already been partially implemented, and will be fully
implemented on the release of the Biological Opinion and this Plan. The first phase of
operations uses the existing surcharge of 0.75 feet. Phase I will continue until the flashboards on
the Bradbury Dam radial spillway gates are modified too allow the 1.8 foot surcharge and
accommodate the 3 foot surcharge, and there is sufficient rainfall to surcharge the reservoir to
the 1.8 foot level. The second phase of interim operations begins when 1.8 feet of surcharge
water is available; and it concludes when the proposed 3-foot surcharge is approved, and there
has been sufficient rainfall to surcharge the reservoir to the 3-foot level.
Flashboard construction on the Bradbury Dam spillway gates is scheduled for 2001. As stated
above, environmental review for implementation of the 1.8 foot surcharge has been completed
(Woodward-Clyde Consultants 1995). Implementation of the proposed 3-foot surcharge may
require additional actions to be identified through project design and environmental review. It is
anticipated that a few years may be required to complete the environmental compliance
necessary for implementation of the proposed 3-foot surcharge (environmental compliance
anticipated by 2004).
3.6.2 INTERIM MAINSTEM REARING TARGET FLOWS
During interim operations, rearing target flows will be established in the Santa Ynez River for the
purpose of improving mainstem rearing habitat. These target flows will be structured to provide
year-round rearing in the Highway 154 Reach of the Santa Ynez River. The same rearing target
flows will be in effect during both phases of the interim operations (0.75 and 1.8- foot
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surcharges). Additional water provided by the 1.8 foot surcharge under Phase 2 of the interim
operations (1.8-foot surcharge) will be allocated to passage flow supplementation.
Interim target flows will be established at the Highway 154 Bridge. The flow targets will
depend on the water year type and the storage in Lake Cachuma on the first of each month.
Reservoir releases through the Hilton Creek supplemental watering system will be made to meet
the flow targets. In years when the lake spills (when the storage in Lake Cachuma is above
120,000 AF) and the spill amount exceeds 20,000 AF, a target flow of 5 cfs at the Highway
154 Bridge will be maintained. When the lake does not spill, or the spill amount is less than
20,000 AF, and the storage in Lake Cachuma exceeds 120,000 AF, a target flow of 2.5 cfs
will be maintained. When lake storage recedes below 120,000 AF, the target flow at the
Highway 154 Bridge will be 1.5 cfs. Periodic releases from Bradbury Dam will be made to
improve water quality in the Stilling Basin and the Long Pool in critical drought years (storage in
Lake Cachuma <30,000 AF). Thirty AF per month will be reserved to provide these refreshing
flows.
In addition, when the reservoir spills at least 20,000 AF or the year following such a spill, the
residual pool depth will be maintained in refuge pools in the Refugio and Alisal reaches when
steelhead are present. The residual pool depth is defined as the difference between the
elevation of the deepest point in the pool and the elevation of the lowest point of the crest (outlet
depth) that forms the pool’s hydraulic control. Maintenance of the residual pool depth is
designed to provide habitat space for the rainbow trout/steelhead inhabiting these habitats and
also to improve water quality. There are a number of uncertainties regarding this action,
therefore monitoring and evaluation of the action and the maintained habitat will be a focus of
the Adaptive Management Committee. Residual pool depth maintenance will be required until
the first year the 3 foot surcharge is achieved and all the passage barrier/impediment
modifications are completed (NMFS 2000).
Analysis of historical hydrology indicates it will be possible to meet target flows under most
conditions. Figure 3-7 shows the daily exceedance flow for the Santa Ynez River at Highway
154 based on simulations of the Santa Ynez River model from 1918 to 1993. Flow at Highway
154 would exceed 1.5 cfs about 98% of the time, 2.5 cfs about 81% of the time, and 5 cfs
about 49% of the time. Some of this flow persists downstream to the Alisal Bridge in most
years (Figure 3-8). The flow can be subsurface and often wells up at the downstream end of
some riffle bars.
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Figure 3-7

Modeled Flow at the Highway 154 Bridge under the Interim Operations
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Figure 3-8

Modeled Flow at the Alisal Bridge under the Interim Operations
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3.6.3 PASSAGE FLOW SUPPLEMENTATION
Passage flow supplementation will begin under the second phase of the interim operations, once
the reservoir has surcharged to 1.8 feet. A portion of the additional water provided by the 1.8
foot surcharge, 2,500 AF, will be allocated to the Fish Passage Account. Water will be
released from the Fish Passage Account in years following the 1.8 surcharge event in
accordance with the criteria described for long-term operations in Section 3.4.
The quantity and frequency of passage releases under Phase 2 of the interim operations (1.8
feet of surcharge) were calculated using USGS gaged daily streamflows at Solvang for the 40
years of post-Cachuma construction (1958 to 1998). Passage releases under the interim
scenario would occur generally one to two years after a year in which the reservoir is
surcharged. Table 3-6 tabulates the releases for supplementation of passage by year and shows
how releases from the Fish Passage Account would be implemented under this interim proposal.
Interim passage releases will be adaptively managed, and the scenario may be adjusted to
provide greater benefit to steelhead as described in Section 3.4.3.
3.7

SUMMARY OF FLOW-R ELATED FISH ENHANCEMENT OPERATIONS

The long-term operations proposed in Sections 3.3 through 3.5 above will be phased in as
additional water resources become available from the surcharge of Lake Cachuma (see Section
3.2). Three different surcharge levels (0.75, 1.8, and 3 foot levels) are proposed over the
course of the phase-in period. The interim and long-term flow-related enhancement measures
depend on the status of surcharge implementation. Table 3-7 summarizes the three types of
flow-related enhancement measures proposed in this document: (1) conjunctive use of reservoir
releases and downstream water rights to maintain mainstem rearing target flows, (2) fish passage
supplementation, and (3) adaptive management supplementation (rearing or passage). Table 38 summarizes the allocation of water provided by the three different surcharge levels proposed
for Lake Cachuma to each of these flow-related enhancement measures.
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Table 3-6

YEAR
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

Interim Releases for Passage Supplementation (Water Years 1958 to
1998)
Allocation to Fish
Passage Account

Years from Surcharge

2,500

Releases from Fish
Passage Account
0
740
1,760
0
0
2,500
0
0
0
0
2,500
0
2,500
0
0
0
0
909
1,811
0
0
0
0
1,170
1,330
0
0
0
957
0
1,543
0
0
0
0
0
2,500
0
2,500
0
0

1
2
3
2,500
1
2
3
4
2,500
1
2,500
1
2
3
2,500
2,500
2,500
1
2
2,500
2,500
2,500
1
2
2,500
2,500
1
2
3
4
5
6
7
8
2,500
1
2,500
1
2
2,500
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End-of-Year Fish
Passage Account
Balance
2,500
1,760
0
0
2,500
0
0
0
0
2,500
0
2,500
0
0
0
2,500
2,500
2,500
689
689
2,500
2,500
2,500
1,330
0
2,500
2,500
2,500
1,543
1,543
0
0
0
0
0
2,500
0
2,500
0
0
2,500
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Table 3-7

Summary of Interim and Long-Term Operations for Rearing and
Passage Enhancement in the Mainstem

Project Operations
Phase

Interim Phase I
0.75-Foot
Surcharge

Interim Phase II
1.8-Foot Surcharge

Long-Term
Operations
3-Foot Surcharge

Fish Enhancement Releases for Mainstem
Rearing and Passage
Rearing
Highway 154 Flow Targets
• 5 cfs flow target at Highway 154 in years when the lake spills at least 20,000 AF
• 2.5 cfs flow target at Highway 154 in years when the lake does not spill but
storage exceeds 120,000 AF or when the lake spills less than 20,000 AF
• 1.5 cfs flow target at Highway 154 in years when lake storage recedes below
120,000 AF but greater than 30,000 AF
• Releases to refresh the Long Pool and the Stilling Basin may be made (limited to
30 AF per month or as needed)
Rearing
Highway 154 Flow Targets
• 5 cfs flow target at Highway 154 in years when the lake spills at least 20,000 AF
• 2.5 cfs flow target at Highway 154 in years when the lake does not spill but
storage exceeds 120,000 AF or when the lake spills less than 20,000 AF
• 1.5 cfs flow target at Highway 154 in years when lake storage recedes below
120,000 AF but greater than 30,000 AF
• Releases to refresh the Long Pool and the Stilling Basin may be made (limited to
30 AF per month or as needed)
Passage
• 2,500 AF allocation to the Fish Passage Account in surcharge years
Rearing
Highway 154 Flow Targets
• 10 cfs flow target at Highway 154 in years when the lake spills at least 20,000
AF
• 5 cfs flow target at Highway 154 in years when the lake does not spill but
storage exceeds 120,000 AF or when the lake spills less than 20,000 AF
• 2.5 cfs flow target at Highway 154 in years when lake storage recedes below
120,000 AF but greater than 30,000 AF
• Releases to refresh the Long Pool and the Stilling Basin may be made (limited to
30 AF per month or as needed)
Alisal Bridge Flow Targets
• 1.5 cfs flow target at the Alisal Bridge in years when the lake spills at least
20,000 AF and steelhead are present in the Alisal Reach
• 1.5 cfs flow target at the Alisal Bridge in the year immediately following a year
when the lake spills at least 20,000 AF and steelhead are present in the Alisal
Reach
Passage
• 3,200 AF allocation to the Fish Passage Account in surcharge years
Adaptive Management Account
• 500 AF allocation to the Adaptive Management Account in surcharge years
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Table 3-8

Allocation of Surcharged Water under the Proposed Implementation
Phases

Surcharge Level

Account/Use

0.75 foot
(Interim Phase I)

Mainstem Rearing Target
Flow Releases*
Mainstem Rearing Target
Flow Releases*

1.8 foot
(Interim Phase II)

3.0 foot
(Long-Term)

Surcharge
Allocation (AF)

Total Amount in
Surcharge Years
(AF)

2,300

2,300

3,000
5,500

Fish Passage Account

2,500

Mainstem Rearing Target
Flow Releases*

5,500

Fish Passage Account

3,200

Adaptive Management
Account

500

9,200

*There is no account for the mainstem rearing target flows. The allocation in surcharge years
will support the reservoir releases needed to maintain the target flows year-round (except in the
driest years), however additional water will be released as needed to meet the targeted flow
level. These releases replace the Fish Reserve Account as established in the MOU and WR
94-5.

B-3-29

October 2, 2000

4.0
BENEFITS AND IMPACTS

4.1

ANALYSIS APPROACH

This section evaluates the potential effects of releases made under the proposed project
operations relative to the baseline operations on steelhead passage opportunities, mainstem
steelhead spawning and rearing habitat, and other aquatic resources. The steelhead evaluation
includes the reaches of the Santa Ynez River downstream of Bradbury Dam (the upstream limit
of steelhead) that may support steelhead. This analysis also looks at the streamflow conditions
that would have been present at these locations if Bradbury Dam did not store water and if all
inflow was passed through the reservoir. The analysis is based on the flows that would be
present at specified locations along the river during wet, normal, and dry water year types. The
three water year types are represented by the 20%, 50% and 80% exceedance flows under the
three operating conditions: Historic, Baseline, and Proposed.

4.2

•

The “Historic” condition represents the habitat conditions prior to the construction of
Bradbury Dam (i.e., inflow passed through the reservoir).

•

“Baseline” Operations represent the operation of the project as directed in SWRCB
Decision WR 89-18. There is no Fish Reserve Account. The project diverts and
stores water and makes deliveries to the Member Units and releases to satisfy the
requirements of downstream users.

•

The “Proposed” Operations include modification to the project to include the flow
releases for the maintenance and enhancement of aquatic habitats and species
downstream of the reservoir: conjunctive use of reservoir and downstream water rights
releases to meet mainstem rearing target flows and Fish Passage Account releases.
Adaptive Management Account releases cannot be directly quantified, as it is not
known how this water will be used; therefore, these are not included in this analysis.
Similarly, the provision to maintain residual pool depth in the Refugio and Alisal Reaches
during the interim period is not included in the analysis. Proposed Operations include
both Interim Operations (0.75 and 1.8-foot surcharge, where applicable) and LongTerm Operations.
EFFECTS OF FLOW-R ELATED ENHANCEMENT M EASURES ON RAINBOW
TROUT/STEELHEAD

4.2.1 SUMMARY OF EFFECTS
The effects of the Proposed Operations on steelhead were evaluated with respect to the
potential effects on three lifestages: passage, mainstem spawning and mainstem rearing.

B-4-1

October 2, 2000

•

Passage – In general, the Proposed Operations improve passage opportunities relative
to the Baseline Operations (Section 4.2.2). The Historic Condition provides more
passage opportunities than either the Proposed or Baseline Operations because water is
not stored behind Bradbury Dam but flows directly to the sea. In just those years when
passage flow supplementation would have occurred, the Proposed Operations (both
interim and long-term) substantially increase the number of passage days over Baseline
Operations; although, the number of passage days under the Proposed Operations is
still lower than the Historical number of passage days.

•

Spawning Habitat - The Proposed Operations provide substantially more mainstem
spawning habitat in all three reaches between Bradbury Dam and Alisal Road in normal
and dry years than the Baseline Operations (Section 4.2.3). The Historic Condition
provides more spawning habitat in wet and normal years than the Proposed Operations,
but less habitat in dry years, especially in the Refugio and Alisal reaches.

•

Rearing Habitat - The Proposed Operations result in a substantial amount of
additional rearing habitat (Section 4.2.4) being available relative to the Baseline
Operation during all seasons in dry and normal years, and in July through December in
wet years. In the first half of a wet year, the Proposed Operation provides a similar
amount of rearing habitat to the Baseline Operation. These results were common to all
three reaches. The Historic Condition provides more rearing habitat than the Proposed
Operations from January through June in normal and wet years, but provides
substantially less rearing habitat in the latter half of these years. This was particularly
true of the Alisal Reach, where the proportion of pool habitat was lower than in the
more upstream reaches.

The additional rearing habitat provided by the Proposed Operations relative to the Baseline
Operations, in combination with the persistence of this habitat throughout the year even under
dry conditions, provides a substantial benefit to steelhead over both Baseline Operations and
Historic Conditions. Young-of-the-year rearing habitat was identified as a major limiting factor
in the contract renewal EIS/EIR (Woodward-Clyde Consultants et al., 1995). Proposed
Operations provide many times the amount of rearing habitat and provide it year round even in
the typically dry months of July through November. In addition, the Proposed Operations
provide additional passage opportunities and more spawning habitat than the Baseline
Operations. Because of this, the Proposed Operations are judged to provide a greater net
benefit to steelhead over Baseline Operations.
Although the Historic Condition provides more passage opportunities, greater spawning habitat
(except in dry years), and more rearing habitat in the early part of the year, these benefits are
likely lost in the latter portion of the year when rearing habitat is reduced below the level
provided under the Proposed Operations. During the first part of the year, temperatures are
relatively cool and, therefore, the metabolism of rainbow trout/steelhead is slower. These fish
tend to reside in pools during the winter months when feeding is reduced, therefore habitat
needs are less. In the April through June period, juvenile fish may be smolting and moving
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downstream to the ocean when flows permit. Young-of-the-year fish, where present (they are
emerging from the gravels during this time), are small and require less space. As the fish grow,
they require more space, which may lead to a habitat bottleneck in the late summer or early fall
when the amount of space required by each fish increases and the amount of space available
decreases. Historic observations found that the mainstem river routinely dried in the summer
downstream of Gibraltar Dam (except for a small, spring-fed reach around Solvang)
(Shapovalov 1944). The greater availability of rearing habitat in the late summer and early fall
likely provides a substantial benefit to steelhead relative to the Historic Condition in this portion
of the river.
The perennial flows in the river under the Proposed Operations would likely result in the
increased growth of willows and other riparian plant species. The increased growth of riparian
plants would likely provide additional cover for steelhead and thus increase the carrying
capacity of the river. The increased riparian growth may also shade the stream and help
promote cooler water temperatures and reduce evaporation. Increased riparian growth may
remove water from the stream through increased rates of evapotranspiration, but this is not
likely to be of a magnitude that would adversely affect the steelhead population. Increased
riparian vegetation may also require periodic maintenance which could result in some
disturbance to the rearing habitat. Best management practices would be followed to avoid
adverse effects to steelhead.
4.2.2 EFFECTS ON PASSAGE
The passage evaluation is based on the results of the passage study performed by the SYRTAC
(1999b) and additional analyses (SYRTAC data). The analysis uses a minimum passage
criterion of 8 feet of contiguous channel width with a depth of .6 feet. This criterion was
selected based on the passage analysis performed by the SYRTAC (1999b) and observation of
flows at which adult rainbow trout/steelhead were observed in Salsipuedes Creek during the
1999 migration season. A number of critical riffles were selected for study to determine
minimum passage flow levels. Riffles were selected for evaluation because they represent the
shallowest habitat type and thus would most likely represent low-flow passage barriers. The
critical riffles were located in four areas (from downstream to upstream they are Lompoc
Narrows, Cargasachi Reach, Alisal Reach, and Refugio Reach [SYRTAC 1999b]), and the
flow that met minimum passage criterion was determined.
The minimum passage flow for the Alisal Reach (25 cfs) was used as an indicator of the
availability of passage flows from Bradbury Dam to the ocean based on the critical riffle study
(SYRTAC 1999b) and additional flow analysis. The 25 cfs criteria was selected for three
reasons. First, 25 cfs provides passage flow over critical riffles in both the Alisal Reach and the
more upstream Refugio Reach (SYRTAC 1999b). Second, 92% of the time when there is a
flow of 25 cfs or more at the Solvang USGS gage (in the Alisal Reach), there is at least 15 cfs
flowing in the Santa Ynez River upstream of the confluence with Salsipuedes Creek (i.e., the
Cargasachi Reach). Finally, passage flows at the critical riffles in the Lompoc Narrows are
achieved 92% of the time that there is 25 cfs at Solvang based on USGS gaged data post
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Cachuma construction (1953-1999). Taken together, these analyses support the assumption
that 25 cfs at Alisal results in passage from the ocean to Bradbury Dam.
Prior to steelhead migrating upstream in the river itself, they must first be able to enter the river
from the ocean. As discussed previously, the mouth of the Santa Ynez River is frequently
closed by the presence of a sandbar. This bar forms during the summer when flows and wave
energy are low. It is breached in the winter by a combination of higher river flows and greater
wave energy (although either of these elements may be able to breach the bar by themselves).
Little information is available regarding the frequency with which the bar is broken or what flows
might be required to accomplish this. Flow from Salsipuedes Creek appears to be sufficient to
breach the bar before sufficient flow is available in the mainstream. The bar has occasionally
been opened manually, but this is not a regular practice due to concerns for the endangered
tidewater goby inhabiting the lagoon. The passage analysis that follows presumes that steelhead
have already gained access to the river.
The number of passage days provided, based on daily flows as modeled by the SYRHM (1942
to 1993) for the months of January through April, was calculated. This analysis tabulated the
number of passage days, defined as a flow of 25 cfs or greater at Solvang (Alisal Reach), for
each year under the Historical condition and Baseline and Proposed Operations. For the
Proposed Operations, both the long-term (3,200 AF) and interim (2,500 AF) Fish Passage
Account allocations were analyzed. For normal and dry years modeled, the Proposed
Operations (both account allocations) provide more passage days than Baseline Operations. In
wet years, the Proposed and Baseline Operations would provide similar passage opportunities.
Historical conditions, however, still provide, on average, roughly 40% more passage days than
either the Baseline or Proposed Operations. Although the Proposed and Baseline Operations
do provide many passage opportunities for migrating steelhead, especially in wet years. The
Adaptive Management Committee will work with NMFS to refine the passage supplementation
protocol to reduce the number of dry years when supplementation occurs.
Supplementation occurs in years following surcharge years (typically wet years) and therefore
provides additional passage opportunities in predominantly non-wet years. Table 4-1 presents
the passage opportunities in those years when passage flow supplementation would have
occurred under the Proposed Operations based on analysis of the SYRHM (1942 to 1993).
The passage flow releases under the Proposed Operations would have provided 166% more
passage opportunities than Baseline Operations in the slightly less than a third of years in which
supplementation would have occurred. An additional third of the years are historically wet
years, suggesting that steelhead will have at least fourteen days of passage in roughly two-thirds
of the years. For the 14 years when passage flow releases would have been made, historically
there were still more passage days than under the Proposed Operations overall. However,
Historical conditions would have only provided at least 14 days of passage per year in eight out
of the fourteen years.
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Table 4-1

Passage Opportunities in the Santa Ynez River in Years Based on Modeled Fish Passage Account Releases
Without Cachuma
Operations (Historical)

Year

Baseline Operations

Long-Term Passage Proposal
Surcharge, 3,200 AF)

(3.0' Interim Passage Proposal
Surcharge, 2,500 AF)

(1.8'

Hydrologic # of Passage Indicator of # of Passage Indicator of ≥ # of Passage Add'l Days Indicator of # of Passage Add'l Days Indicator of
Year Type 1
Days 2
≥ 14 days
Days 2
14 days
Days 2
from Baseline ≥ 14 days
Days 2
from Baseline ≥ 14 days

1949
dry
1
1950
dry
1
1953
normal
51
1954
normal
53
1959
normal
47
1960
dry
0
1968
dry
24
1970
normal
72
1975
normal
89
1976
dry
2
1981
normal
64
1982
normal
35
1987
dry
0
1988
dry
12
Average
32
Sum
451
Number of years with ≥ 14 days of
passage

X
X
X
X
X
X
X
X

8
57%

1
0
3
7
2
1
1
11
68
1
10
6
0
0
8
111

15
14
17
26
15
15
15
16
74
16
22
19
16
15
21
295

X

1
7%

14
14
14
19
13
14
14
5
6
15
12
13
16
15
13

X
X
X
X
X
X
X
X
X
X
X
X
X
X

14
100%

15
8
18
20
15
12
15
15
75
16
21
18
15
9
19
272

14
8
15
13
13
11
14
4
7
15
11
12
15
9
12

X
X
X
X
X
X
X
X
X
X
X

11
79%

1

A 'wet' year is the third of the years analyzed with the greatest inflow into Lake Cachuma, 'normal' years were the middle third of years, and 'dry' years were the third of years with the lowest
inflow into Lake Cachuma using USGS Los Laureles gage data.
2
A 'passage day' is defined as flow at Solvang (Alisal Reach) of greater than or equal to 25 cfs.
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4.2.3 EFFECTS ON SPAWNING HABITAT
4.2.3.1 Methods for Spawning and Rearing Habitat Analysis
The spawning habitat analysis (in this section) and rearing habitat analysis (in the next section)
are both based on the habitat studies performed by the SYRTAC (1999a, Section 2.1). These
analyses focus on the upper part of the mainstem from Alisal Bridge to Bradbury Dam because
the river below the Alisal Reach does not appear to support rainbow trout/steelhead. Despite
many snorkel surveys since 1995 (SYRTAC 1997, 1998, 2000), only one rainbow
trout/steelhead has been observed below this reach. This adult fish was found below Buellton in
a pool at Santa Rosa Park in 1998, an extremely wet year (SYRTAC data).
For purposes of this analysis, the average top width versus flow relationship was generated by
weighting the top width of each habitat type by its relative proportion in each reach. The
average top width was converted to acres of habitat by multiplying the average top width by the
length of habitat in each reach. For the spawning analysis, usable habitat was limited to riffles
and runs. In the rearing habitat analysis, it was assumed that only pool habitats remained when
flow was zero and all other habitat types provided no habitat. This likely results in an
overestimate of habitat under zero flow conditions, as the pools likely shrink by an unknown
amount both in length and width, and an unknown number of pools likely dry up completely.
Regardless of this overestimate, the analysis does provide a basis for making a comparison
between the Baseline and Proposed Operations, as both are evaluated under the same
assumptions.
Flow exceedance curves were developed from the daily flows generated from the Santa Ynez
River model for three locations: (1) below the confluence of Hilton Creek (representing the
Highway 154 Reach), (2) at Highway 154 (representing the Refugio Reach), and (3) at Alisal
Bridge (representing the Alisal Reach) based on model simulations including a 52-year period of
record (1941 to 1993). Four seasons were used in the rearing habitat analysis: (1) January 1
through March 31, (2) April 1 through June 30, (3) July 1 through September 30, and (4)
October 1 through December 31. For the spawning analysis, only the January through April
period was used. The model included both Fish Passage Account releases, reservoir releases
to meet mainstem rearing target flows, and downstream water rights releases.
4.2.3.2 Spawning Results
The relative availability of spawning habitat among the three operational scenarios is similar in
the three reaches (Table 4-2). In general, both Interim phases have similar spawning habitat.
Long-Term Operations have slightly more spawning habitat than Interim Operations in normal
and dry years because target flows are maintained through conjunctive use releases and passage
flow supplementation releases are made in these years. Long-Term Operations provide more
habitat in dry years than the Historic (17% to 655% in the upper two reaches respectively) or
Baseline Operations (1,562% more in the upper reach). Neither the Historic Conditions
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Table 4-2

Flow and Available Spawning Habitat under Different Operation Scenarios
Dry Years
80% exceedance1

Normal Years
50% exceedance1

Change under

Condition

Flow

Habitat Area Long-Term

Change under

Flow

Operations 2

(cfs)

(acres)

(%)

Historic
Baseline
Long Term
Int: 0.75
Int: 1.8

1.6
0.2
3.4
2.5
2.6

4.1
0.3
4.8
4.5
4.6

17
1562
-

Historic
Baseline
Long Term
Int: 0.75
Int: 1.8

0.3
0.0
3.1
2.4
2.4

0.4
0.0
3.3
3.2
3.2

655
+++4
-

Historic
Baseline
Long Term
Int: 0.75
Int: 1.8

0.0
0.0
1.4
0.3
0.3

0.0
0.0
5.7
0.9
0.9

+++4
+++4
-

Wet Years
20% exceedance1

Habitat Area Long-Term

Change under

Flow

Habitat Area Long-Term

Operations 2

(cfs)
(acres)
Bradbury Dam to Highway 154
20.1
6.2
1.0
2.6
5.6
5.6
3.3
4.8
3.3
4.8
Highway 154 to Refugio Road
18.9
4.0
0.9
1.7
5.0
3.4
2.9
3.3
3.0
3.3
Refugio Road to Alisal Bridge
15.9
8.5
1.3
5.3
4.6
7.2
2.9
6.7
3.1
6.8

Operations 2

(%)

(cfs)

(acres)

(%)

-10
115
-

164.13
44.7
50.2
45.7
49.1

8.0
6.6
6.6
6.6
6.6

-18
0
-

-16
94
-

167.13
51.3
58.2
51.3
59.6

5.2
4.6
4.6
4.6
4.6

-12
0
-

-16
36
-

174.93
66.8
76.5
69.9
74.9

12
10.5
10.7
10.5
10.6

-11
2
-

1

Dry years are represented by an 80% exceedance for all years in the model (for example, under Historic conditions from the Dam to HWY 154, 80% of the time flows are greater than 1.6 cfs);
Normal years are represented by a 50% exceedance and Wet years by a 20% exceedance.
2
Based on change in habitat area relative to the Long-Term Operations
3
Estimated habitat; flows exceed predictive reliability of habitat-flow relationship
4
Percentage increase could not be calculated because there was no available habitat for this condition
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or Baseline Operations provide spawning habitat in the Alisal Reach in dry years. Nor do the
Baseline Operations provide spawning habitat in dry years in the Refugio Reach. Long-Term
Operations provide between 36% and 115% more spawning habitat than the Baseline
Operations in normal years, and similar amounts in wet years.
In normal and wet years, Long-Term Operations provide somewhat less habitat than the Historic
Condition. In normal years, Long-Term Operations provide 10% to 16% less habitat and, in wet
years, provide 11% to 18% less habitat as compared to the Historic Condition. The lower
amount of spawning habitat in normal and wet years is likely inconsequential relative to the
substantially increased availability of this habitat in dry years. Substantial production of rainbow
trout/steelhead has been observed in the Santa Ynez River in wet years like 1995 and 1998. In
these years, there appears to be sufficient spawning success to fully utilize the available rearing
habitat. In dry years, lack of spawning habitat under the Baseline Operations and Historic
Condition results in under-utilization of available rearing habitat. This was identified as a
significant limiting factor in the Contract Renewal EIS/EIR (Woodward-Clyde Consultants et al.,
1995).
4.2.4 EFFECTS ON REARING HABITAT
In general, both phases of Interim Operations provide similar amounts of habitat. Long-Term
Operations provide slightly more habitat than the Interim Operations in most seasons and reaches.
The largest difference between Interim and Long-Term Operations is found in normal years in the
Alisal Reach where Long-Term Operations will provide 10.8 acres of habitat, but Interim
Operations provide less than an acre. This is due to the long-term provision of higher target flows
at the Highway 154 Bridge and providing 1.5 cfs to Alisal in spill years and the year after a spill.
4.2.4.1 Bradbury Dam to Highway 154
Long-Term Operations provide consistently more habitat in dry years and, more importantly,
during the latter half of normal or wet years than either the Baseline Operations or Historic
Conditions. In dry years, Long-Term Operations result in flows of 3.1 to 6.2 cfs below the confluence of Hilton Creek, while flows under the Baseline Operations range from 0 to 6 cfs, and the
Historic Condition results in flows of 0 to 2 cfs (Table 4-3). The increase in flow over the
Baseline Operations translates into a gain in habitat for this reach of over 13 acres during the July
through September period, and nearly 18 acres or 74% more habitat than the Baseline
Operations during the October through December period, and 74% more habitat than was
available prior to the construction of Bradbury Dam.
In normal years, Long-Term Operations continue to provide more flow below the Hilton Creek
confluence than does the Baseline Operations. The difference in the amount of habitat available is
relatively minor (about 2%) during the middle portion of the year (April through September), but
is significant during the January through April period and October through December period
where Long-Term Operations provide 30% and 45% more habitat than the Baseline Operations.
The Baseline and Long-Term Operations provide a similar amount of habitat in wet years.
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Table 4-3

Rearing Habitat between Bradbury Dam and Highway 154
Dry Years
80% exceedance1

Quarter

Jan-Mar

Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Apr-Jun Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Jul-Sep Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Oct-Dec Historic
Baseline
Long Term
Int: 0.75
Int: 1.8

Normal Years
50% exceedance1

Wet Years
20% exceedance1

Flow

Habitat
Area

Change under
Long-Term
Operations 2

Flow

Habitat
Area

Change under
Long-Term
Operations 2

Flow

Habitat
Area

Change under
Long-Term
Operations 2

(cfs)
1.2
0.2
3.1
2.4
2.5
2.0
0.6
5.0
3.1
3.0
0.0
0.6
6.2
4.1
3.6
0.0
0.0
3.7
2.6
2.6

(acres)
36.5
25.3
41.6
40.9
41.0
40.5
29.8
43.1
41.6
41.6
24.2
29.8
43.4
42.4
42.0
24.2
24.2
42.1
41.1
41.1

(%)
14
64
7
45
79
46
74
74
-

(cfs)
18.1
0.9
5.4
3.2
3.2
13.1
4.3
6.2
5.4
4.6
0.0
7.7
11.5
6.8
7.1
0.0
0.6
5.9
3.4
3.4

(acres)
46.3
33.2
43.2
41.7
41.7
45.3
42.5
43.4
43.2
42.7
24.2
43.8
44.9
43.6
43.6
24.2
29.8
43.3
41.9
41.9

(%)
-7
30
-4
2
86
2
79
45
-

(cfs)
157.73
21.3
33.0
21.1
30.1
77.0
56.7
51.0
55.7
53.9
2.6
43.4
46.0
46.9
44.3
3.2
6.1
9.9
5.4
5.3

(acres)
51.9
46.8
48.0
46.8
47.8
50.4
49.1
49.2
49.5
49.4
41.1
48.7
48.8
49.0
48.7
41.7
43.4
44.4
43.2
43.1

(%)
-8
3
-2
0
19
0
6
2
-

1

Dry years are represented by an 80% exceedance for all years in the model (for example, under Historic conditions from the Dam to HWY 154, 80% of the time flows are greater than 1.6 cfs);
Normal years are represented by a 50% exceedance and Wet years by a 20% exceedance.
2
Based on change in habitat area relative to the Long-Term Operations
3
Estimated habitat; flows exceed predictive reliability of habitat-flow relationship
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Flows resulting from the Historic Condition are greater than either Long-Term or Baseline
Operations in the first half of normal and wet years. However, in the later portion of normal
years, Historic Conditions have severely reduced habitat when flow is zero and habitat is available
only in refuge pools. Long-Term Operations result in about 4% to 7% less habitat during the first
half of normal years, and about 79% to 86% more habitat in the latter half of the year than the
Historic Condition. In wet years, the Historic Condition retains flow throughout the year, but
under Long-Term Operations between 6% and 19% more habitat is available.
4.2.4.2 Highway 154 to Refugio Road
The flows at Highway 154 were used to characterize habitat in the reach from Highway 154 to
Refugio Road (Table 4-4). The flow at Highway 154 tends to be less than that below the Hilton
Creek confluence for all conditions due to infiltration and evapotranspiration. The pattern of
habitat availability among the different scenarios is similar to that described above for the
Bradbury Dam to Highway 154 Reach, with Long-Term Operations providing the most habitat
throughout the year in dry years and in the latter half of normal and wet years. Minimum habitat
levels are highest under Long-Term Operations.
In dry years, the Long-Term Operations provide about seven more acres of habitat than the
Baseline Operations, representing more than a seven-fold increase in the amount of available
habitat. Long-Term Operations also provide an increase in habitat over the Historic Condition of
4.1 to 7.5 acres in dry years. In normal years, Long-Term and Baseline Operations provide
about the same amount of habitat during the middle part of the year, but Long-Term Operations
provide 93% and 482% (4.1 and 7 acres) more habitat in the January through March and
October through December periods, respectively. Long-Term Operations provide 7.5 to 8 times
more habitat than does the Historic Condition in the latter half of normal years, although the
Historic Condition provides 8% to 10% more habitat in the first half of normal years. In wet
years, Long-Term and Baseline Operations provide a similar amount of habitat throughout the
year, never differing by more than .4 acres or about 4%. The Historic Condition in wet years
provides 3% to 18% more habitat during the first half of the year than does Long-Term
Operations. This increased habitat during the first part of the year is offset by diminished habitat
in the latter half of the year when Long-Term Operations provide 1.5 to 2.4 acres (21% to 31%)
more habitat.
4.2.4.3 Refugio Road to Alisal Road
The flows at Alisal Bridge were used to characterize the habitat in the reach from Refugio Road
to Alisal Road. Flow at Alisal Road is less than that for Highway 154 and the Hilton Creek
confluence under most conditions due to continued losses to groundwater and evapotranspiration.
Under Historic Conditions, flow is nearly absent from this location in all water year types during
the July through September and October through December periods (Table 4-5). Flows under
Long-Term Operations are greater than those under the Baseline Operations, except in the July
through September period of wet years when they are the same.
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Table 4-4

Rearing Habitat between Highway 154 and Refugio Road
Dry Years
80% exceedance1

Quarter

Jan-Mar

Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Apr-Jun
Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Jul-Sep
Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Oct-Dec
Historic
Baseline
Long Term
Int: 0.75
Int: 1.8

Normal Years
50% exceedance1

Flow

Habitat
Area

Change under
Long-Term
Operations 2

(cfs)
0.3
0.0
3.1
2.3
2.4
0.8
0.1
4.9
2.5
2.4
0.0
0.1
4.9
2.9
2.4
0.0
0.0
2.5
1.5
1.5

(acres)
2.0
1.0
8.3
8.1
8.1
4.4
1.0
8.5
8.1
8.1
1.0
1.0
8.5
8.2
8.1
1.0
1.0
8.1
7.8
7.8

(%)
325
730
93
776
750
776
710
710
-

Wet Years
20% exceedance1

Flow

Habitat
Area

Change under
Long-Term
Operations 2

(cfs)
17.4
0.8
5.0
2.8
2.9
12.1
4.0
5.0
5.0
4.4
0.0
6.4
10.1
6.5
6.8
0.0
0.2
4.9
2.5
2.5

(acres)
9.5
4.4
8.5
8.2
8.2
9.2
8.4
8.5
8.5
8.5
1.0
8.7
9.1
8.7
8.7
1.0
1.5
8.5
8.1
8.1

(%)
-10
93
-8
1
810
5
750
482
-

Flow

Habitat
Area

Change under
Long-Term
Operations 2

(cfs)
157.13
28.6
40.9
27.5
40.0
75.3
51.9
49.9
52.5
52.2
1.6
39.7
42.0
41.0
41.7
1.4
5.1
8.8
4.6
4.2

(acres)
11.2
9.9
10.3
9.9
10.2
10.8
10.5
10.5
10.4
10.4
7.9
10.2
10.3
10.3
10.3
7.4
8.5
8.9
8.5
8.5

(%)
-8
4
-3
0
31
1
21
4
-

1

Dry years are represented by an 80% exceedance for all years in the model (for example, under Historic conditions from the Dam to HWY 154, 80% of the time flows are greater than 1.6 cfs);
Normal years are represented by a 50% exceedance and Wet years by a 20% exceedance.
2
Based on change in habitat area relative to the Long-Term Operations
3
Estimated habitat; flows exceed predictive reliability of habitat-flow relationship
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In dry years, the long-term condition is the only operation that provides flow at Alisal Bridge,
although there is no flow from October through December. Flow ranges from .8 cfs in the July
through September period to 2.2 cfs in the April through June period. These flows provide
between 5.4 and 11.2 acres of habitat, compared to the .1 acres provided by the other
conditions. In the middle portion of normal years, the amount of habitat provided by Long-Term
Operations is about 11% greater than that available under the Baseline Operations. In the
January through March period, however, Long-Term Operations provide 58% more habitat than
does the Baseline Condition; and in the October through December period, Long-Term
Operations provide over 100 times the habitat as flow under the Baseline Operations is zero.
The Historic Condition provides about 8% to 15% more habitat than Long-Term Operations in
the first half of normal years, but then flow under the Historic Conditions dries up, and little habitat
is available for fish in the second half of the year. During the second half of the year, Long-Term
Operations provide between 10.8 and 12.8 acres of habitat compared to .1 acres for the Historic
Condition.
In wet years, Long-Term and Baseline Operations provide a similar amount of habitat throughout
the year, with the largest difference in the October through March periods when Long-Term
Operations offer 6% to 10% more habitat than does Baseline Operations. The Historic
Condition in wet years provides about 2.9 acres (10%) more habitat than does Long-Term
Operations during January through March. In the latter part of the year, however, the flow under
the Historic Condition subsides to .1 cfs, and only .1 acres of habitat are available. Long-Term
Operations provide 12.6 acres of habitat during this time of year, representing a substantial
increase.
4.2.5 EFFECTS ON MINIMUM FLOWS
The minimum daily flow during a year represents the most severe bottleneck in rearing habitat that
steelhead will face. Minimum daily flows were modeled for the same three stations used for the
habitat analysis: below the confluence with Hilton Creek, at theHighway 154 Bridge, and at the
Alisal Road Bridge. Under Proposed (long-term) Operations at Alisal, minimum daily flows
would generally be much lower than in the mainstem below Hilton Creek or the Highway 154
Bridge, but would remain substantially better than the flows present under the Historic Conditions
or Baseline Operations. Under the Historic Condition, all sites have little or no flow during a
portion of the year, in all year types (Table 4-6). Under the Baseline Operations, a similar
situation prevails, such that there is a small amount of flow (<1 cfs) present below the Hilton
Creek confluence in about a third of all years. The river would go dry for at least one day in most
years at both the Highway 154 and Alisal sites. Under the Proposed Operations, the minimum
daily flow would approach zero below Hilton Creek in three years (1951, 1952, and 1991), all
occurring at the end of prolonged droughts. During these years, dissolved oxygen, temperature,
and water levels in pools in the upper reaches of the mainstem would be maintained by refreshing
flows from the dam. At Highway 154, the minimum daily flow would be at least 2.5 cfs in all but
three years, and would be at least 5 cfs in 58% of years. At the Alisal Bridge, the minimum flow
would be at least 1.5 cfs in 38% of years.
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Table 4-5

Rearing Habitat between Refugio Road and Alisal Road
Dry Years
80% exceedance1

Quarter

Jan-Mar

Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Apr-Jun
Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Jul-Sep
Historic
Baseline
Long Term
Int: 0.75
Int: 1.8
Oct-Dec Historic
Baseline
Long Term
Int: 0.75
Int: 1.8

Normal Years
50% exceedance1

Wet Years
20% exceedance1

Flow

Habitat
Area

Change under
Long-Term
Operations 2

Flow

Habitat
Area

Change under
Long-Term
Operations 2

Flow

Habitat
Area

Change under
Long-Term
Operations 2

(cfs)
0.0
0.0
1.4
0.2
0.2
0.0
0.0
2.2
0.4
0.4
0.0
0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0

(acres)
0.1
0.1
10.0
0.8
0.8
0.1
0.1
11.2
2.4
2.4
0.1
0.1
5.4
0.1
0.1
0.1
0.1
0.1
0.1
0.1

(%)
9,900
9,900
11,100
11,100
5,300
5,300
0
0
-

(cfs)
14.0
1.1
4.2
2.7
2.6
9.4
3.0
5.1
4.4
4.1
0.0
2.8
6.1
3.9
4.0
0.0
0.0
1.5
0.2
0.1

(acres)
14.3
7.7
12.2
11.5
11.4
13.6
11.7
12.5
12.3
12.2
0.1
11.6
12.8
12.1
12.2
0.1
0.1
10.8
0.8
0.1

(%)
-15
58
-8
7
12,700
11
10,700
10,700
-

(cfs)
161.63
38.7
58.8
41.5
54.7
77.6
44.6
46.0
45.7
45.5
0.1
30.2
30.9
28.4
27.8
0.1
2.7
5.3
4.5
4.2

(acres)
19.4
16.6
17.5
16.7
17.3
18.1
16.9
17.0
17.0
17.0
0.1
16.0
16.0
15.8
15.8
0.1
11.5
12.6
12.3
12.2

(%)
-10
6
-6
0
26,694
0
21,000
10
-

1

Dry years are represented by an 80% exceedance for all years in the model (for example, under Historic conditions from the Dam to HWY 154, 80% of the time flows are greater than 1.6 cfs);
Normal years are represented by a 50% exceedance and Wet years by a 20% exceedance.
2
Based on change in habitat area relative to the Long-Term Operations
3

Estimated habitat; flows exceed predictive reliability of habitat-flow relationship
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4.2.6 DOWNSTREAM WATER RIGHTS RELEASES
The potential exists for steelhead to move downstream during water rights releases. Surveys
have been conducted to assess the presence and index of relative abundance of juvenile and
adult trout within the area of the Stilling Basin and Long Pool, and in the Refugio and Alisal
Reaches prior to and after WR 89-18 releases. Field surveys have been conducted during the
recession phase of WR 89-18 releases and after the releases have been completed, to assess
fish stranding within pools and other habitats in downstream areas. The result of these field
surveys, performed under the guidance of the SYRTAC, is that no strandings have been
observed during ramping events and no downstream migration of rainbow trout/steelhead as a
result of these releases has been noted. As part of the ongoing fishery monitoring program,
additional field surveys and observations will be collected to provide information on movement
patterns and the response of rainbow trout to WR 89-18 releases (see Appendix I, Long-Term
Monitoring in the Lower Santa Ynez River).
4.3

EFFECTS ON OTHER SPECIES

4.3.1 OTHER FISH IN THE SANTA YNEZ RIVER
Flow-related fish enhancement measures will only affect Lake Cachuma, the mainstem below
Bradbury Dam, and Hilton Creek below the upper watering system release site. Mainstem
target flow releases will not persist far enough downstream to impact the lagoon, however
passage flow releases will likely modify the flow regime to the lagoon to some extent. Impacts
to the six native fish species that reside only in the lagoon, as well as the other fish in the
mainstem Santa Ynez River, are expected to be negligible because of the nature of the
supplementation passage flow releases. Releases from the Fish Passage Account have been
designed to mimic the hydrograph of naturally occurring storms (i.e., match the average inflow
decay rate). The magnitude of the supplemental flow is well within the range of existing storm
flows, and therefore no adverse impacts are anticipated on these sensitive resources. Pacific
lamprey, however, are expected to benefit from these releases because they, like steelhead, are
anadromous. The additional passage opportunities provided by the Fish Passage Account will
benefit this species as well by increasing migration opportunities.
The flow-related enhancement measures should beneficially impact all of the fish inhabiting the
mainstem near Bradbury Dam. Conjunctive use of reservoir releases and downstream water
rights releases to meet mainstem rearing target flows will benefit these fish by improving oversummering habitat in the mainstem downstream of Bradbury Dam. Late summer and early fall
are critical periods for fish in the Santa Ynez River system because warm temperatures and
shrinking pool habitat lead to a habitat bottleneck. The Proposed Operations will provide water
to maintain pool habitat during this critical period in all but the driest years. The Proposed
Operations may potentially have a negative impact on introduced species in the mainstem below
Bradbury Dam because the majority of these fish are warmwater species. Rearing target flow
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Table 4-6
Water
Year
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Minimum Flow by Water Year (cfs)

Without Cachuma Operations
Below
Hwy 154
Alisal
Hilton Ck
Bridge
Bridge
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0.5
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.5
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Baseline Operations
Below
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releases will be of water temperatures less than 18°C. Low temperatures can negatively affect
warmwater species by lowering their metabolism and slowing growth rates. Because water in the
mainstem warms quickly as it passes downstream, these affects are expected to be minimal and will
likely be offset by the habitat maintenance these releases provide. In addition, some warm water fish
have been observed to be transported downstream due to water rights releases. Water releases into
Hilton Creek through the supplemental watering facilities will directly benefit the sculpin, which presently
reside in Hilton Creek. The watering system will provide critical over-summering habitat away from
mainstem predatory fish.
4.3.2 WILDLIFE
Flow-related fish enhancement measures will only affect Lake Cachuma, the mainstem below Bradbury
Dam, and Hilton Creek below the upper watering system release site. Most of the proposed flow
enhancements will not persist far enough downstream to impact the mainstem downstream of Buellton
including the lagoon, however passage flow releases will likely modify the flow regime to the lagoon to
some extent. The passage releases should have no effect on southwestern willow flycatcher
(populations found near Buellton and Lompoc) and least Bell’s vireo (near Salsipuedes Creek in
Lompoc). The magnitude of the supplemental flow is well within the range of existing storm flows, and
therefore no adverse impacts are anticipated on these sensitive resources. The southwestern arroyo
toad (found only upstream of Gibraltar Reservoir) and the California tiger salamander (not found near
the mainstem) will not be impacted by any of the Proposed Operations.
The southwestern willow flycatcher will likely benefit from the target flow releases through the addition
of more suitable habitat. The target flow releases are expected to cause increase riparian growth in the
Highway 154 Reach and perhaps in the Alisal Reach as well. Southwestern willow flycatchers prefer
dense willow riparian habitat which will likely develop because of the year-round water supply provided
by the target flows. It is possible that removal of some of this new vegetation will be required, however
a net increase in riparian vegetation is anticipated.
The California red-legged frog, western pond turtle, and two-striped garter snake all need water
throughout all or a portion of the year and prefer a well developed riparian zone. Mainstem rearing
target flow releases into Hilton Creek will produce good habitat by providing a perennial water source
with a good riparian zone. None of these three species currently inhabit Hilton Creek. Benefits to the
species will only occur if they colonize Hilton Creek. Conjunctive use will extend mainstem summer
flows in almost all years, and habitat will be maintained through pool maintenance releases from
Bradbury Dam in the remaining years (drought years). These releases will also have the beneficial effect
of providing additional mainstem habitat and improving existing habitats through water quality
improvements and riparian growth. The habitat enhancement, however, may also benefit bullfrogs,
which have been linked to the decline of red-legged frogs and can hurt turtle populations by predation
on hatchlings. Bullfrogs are currently found throughout the mainstem.
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4.3.3 SPECIES THAT INHABIT LAKE CACHUMA
Surcharging the reservoir to 3 feet is not expected to impact bass, sunfish, and crappie inhabiting Lake
Cachuma. Based on a study of the effect of a 1.8 foot surcharge on spawning and fry rearing in the lake
(done for the Cachuma contract renewal [ENTRIX 1995]), the impacts of the 1.8-foot surcharge are
almost identical to current operations. A 1.2-foot increase beyond the level already determined to have
little impact on these fish should not negatively impact spawning. Bass, sunfish, and crappie create their
nests over a range of water depths. Once the nests are built, surcharging the reservoir will only
submerge these nests to a slightly deeper level. This will not substantially impact the success of the nests.
Surcharging the reservoir will not lead to a decrease in spawning habitat and will allow for access to
spawning habitat in the lake’s tributaries. Catfish spawn in 8- to 12-foot deep water, and therefore
nests should not be impacted by changing lake levels. Surcharging the reservoir will not impact the
shad, nor will any of the proposed release operations, because shad prefer open surface waters.
Flow-related enhancements have the potential to affect Lake Cachuma resources because they, like
water supply deliveries, reduce the lake surface elevation. Decreasing lake surface elevation has the
potential to de-water nests prior to fry emergence; however, because of the small shifts in reservoir
surface elevation expected as a result of the flow-related enhancements, this should be a negligible
impact. None of the proposed releases (target flows or Fish Passage Account) will dramatically change
the reservoir surface elevation in a short period of time. For the steelhead spawning period of January
through May, analysis shows that the largest projected release for passage supplementation would be
1,800 AF over at least two 14-day periods. The surface area of Lake Cachuma is approximately 3,000
acres at a reservoir surface elevation of 750 feet. Because of the large surface area of the lake, the
1,800 AF release will amount to a decrease in reservoir surface elevation of slightly more than .5 feet.
Such a small change in surface elevation will have the potential to de-water only the most shallow of
nests. Bass, sunfish, and crappie generally do not create nests in water shallower than .5 feet, and
therefore few if any nests should be impacted by these operations. Water fluctuations should not affect
shad because spawning occurs on floating or partially submerged vegetation or other structures.
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5.0
RECOMMENDATIONS

The flow-related enhancement measures described in this document will provide substantial
benefits to the steelhead population. Through conjunctive use of reservoir releases and
downstream water rights accounts to meet mainstem rearing target flows, year-round habitat for
steelhead can be created in both the mainstem Santa Ynez River and Hilton Creek. These
measures will significantly expand the amount of habitat available for steelhead rearing and oversummering, which has been identified as the primary limiting factor in the mainstem Santa Ynez
River. In wet years, higher rearing flow target levels will provide more habitat than in normal and
dry years. This leverages the use of water to provide higher levels of habitat when there will
likely be more steelhead in the river (i.e., in highly productive wet years), and to support less
habitat when there are fewer steelhead in the river and when water supplies are lower (i.e., in
less productive dry years). The habitat created and enhanced by these measures is located in
the portion of the river with the best structural habitat and the greatest opportunity to control
water temperatures, which limits the distribution of steelhead in most of the river.
Passage flow release substantially increase the number of passage opportunities over Baseline
conditions in those years when releases are made. The combination of good passage
opportunities in wet years and Fish Passage Account releases in non-wet years provide at least
14 passage days in about two-thirds of years. Passage supplementation combined with rearing
flow targets should provide a considerable benefit to rainbow trout/steelhead in the Santa Ynez
River watershed.
The Conjunctive Use Work Group recommends that conjunctive use of reservoir releases and
downstream water rights releases be implemented immediately at the interim levels. This
includes surcharging the reservoir to 0.75 feet to support the flow-related enhancement actions.
The dam modifications necessary to implement a greater surcharge should be completed as
soon as possible in order to begin Fish Passage Account releases. Finally, the environmental
review necessary to obtain the proposed 3-foot surcharge of Lake Cachuma should be
completed as soon as possible. This action will allow for implementation of the long-term
enhancement measures: (1) long-term rearing target flows, (2) full Fish Passage Account
allocation of 3,200 AF, and (3) the Adaptive Management Account allocation of 500 AF. In
addition, the monitoring program discussed in Appendix I should be implemented immediately
to continue gathering data appropriate for implementation and evaluation of these measures by
the Adaptive Management Committee.
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1.0
INTRODUCTION

1.1 OBJECTIVES
The goal of the Santa Ynez River Fish Management Plan (Plan) is to develop and evaluate
enhancement actions that will benefit fish and other aquatic resources in the lower Santa Ynez
River basin. The lower basin is defined as the watershed and streams west of Cachuma
Reservoir (Lake Cachuma), including the mainstem Santa Ynez River below Bradbury Dam and
the associated tributaries. Opportunities to enhance conditions in the mainstem Santa Ynez
River are limited to a few miles just below Bradbury Dam. Further downstream below Solvang
and Buellton, the mainstem has insufficient flow and poor physical habitat conditions for rainbow
trout/steelhead. The tributaries on the south side of the lower basin offer better potential for fish
habitat than those on the north side. South-side streams originate at fairly high elevations on the
cool and well-vegetated north-facing slopes of the Santa Ynez Mountains. Several streams
have perennial flow in their upper reaches, although during summer most go dry in their lower
reaches in years with average rainfall. By contrast, tributaries on the north side do not retain
summer flows and thus, are too dry to support rainbow trout/steelhead. Starting at Bradbury
Dam and moving to the ocean, the tributaries of interest include Hilton, Quiota, Alisal, Nojoqui,
Salsipuedes, El Jaro and San Miguelito creeks. The tributary reaches in the lower basin fall into
four general categories:
•

reaches that have good to excellent rainbow trout/steelhead habitat and support existing
rainbow trout/steelhead populations;

•

reaches that have good to excellent habitat, but do not currently support an anadromous
steelhead population because of downstream passage impediments;

•

reaches that have fair habitat and with appropriate enhancement efforts or passage
impediment removals could support new or larger populations of rainbow
trout/steelhead; and

•

reaches where conditions are too poor to support rainbow trout/steelhead (e.g.,
portions of tributaries which go dry or have major passage impediments).

The enhancement objectives of the Santa Ynez River Technical Advisory Committee
(SYRTAC) for the tributaries are:
•

to protect tributary habitat that is in good condition and which supports fish;

•

to enhance aquatic habitat in areas with fair conditions; and

•

to enhance fish passage to suitable habitat in tributaries.
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1.2 APPROACH
Over the past eight years, the SYRTAC has collected detailed data on fish presence and habitat
use and on the quality of habitat conditions in the lower Santa Ynez River and tributaries
(SYRTAC 1994, 1996, 1997, 1998, 2000). These detailed data, combined with anecdotal
observations from long-time residents and other surveys and research (e.g., Harper and
Kaufman 1988, ENTRIX 1995, Douglas 1995) provide a good basis on which to identify good
rainbow trout/steelhead habitat relative to other areas on the lower Santa Ynez River. Much of
the SYRTAC’s efforts have focused on identifying and prioritizing the tributaries with regard to
their ability to support fish populations, enhancement opportunities and the level of effort
required to achieve successful results. This appendix presents our evaluation of each of the
tributaries. Our approach in the following sections is as follows.
•

Identify tributaries that currently support fish populations
We describe each tributary with respect to evidence of rainbow trout/steelhead
populations. This includes observations of migrating adults and juveniles, spawning
behavior and redds, presence of young-of-the-year, juvenile and adult fish in various
months, and the occurrence of potential predators.

•

Describe the current habitat conditions to determine opportunities for protection
and enhancement
For each tributary, we describe the habitat conditions, including factors such as flow,
water temperature and quality, riparian canopy, and instream cover. We note those
areas that appear to have suitable habitat for supporting fish populations. Where
appropriate, we comment on enhancement activities that could improve habitat, and
indicate the magnitude of the enhancements that would be required. Finally, we note
which areas cannot be improved to support fish. For example, such areas may lack
summer flows or may contain permanent passage impediments.

•

Outline potential actions for selected tributaries and reaches
We discuss the suite of potential actions appropriate for each tributary. Such activities
include educating landowners and working with them to establish “fish friendly”
conservation land management practices, purchasing conservation easements from
willing landowners, enhancing physical stream and riparian habitat, and working with
appropriate agencies to remove or modify stream passage impediments such as road
crossings and culverts.

•

Prioritize potential actions for selected tributaries and reaches
For each tributary, we rank potential enhancement actions based on the expected
biological benefit, technical feasibility, property access, and cost. Prioritization of
actions provides an adaptive management framework for allocating habitat enhancement
and restoration resources.
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1.3 PRIORITIZATION OF ENHANCEMENT ACTIONS
Several actions were identified for improving fish passage and existing habitat conditions within
the tributaries below Bradbury Dam. Each enhancement action was evaluated based on the
anticipated rainbow trout/steelhead response, and associated biological benefits. Understanding
that multiple factors affect the implementation of actions, we conducted a multi-level assessment
of the biological benefits, cost, and ease of implementation associated with each action.
Each tributary action was prioritized among all of the potential enhancement opportunities. The
ranking of enhancement actions was performed by the Tributaries Work Group, based on a
number of variables including the expected biological benefits, project cost, and property
access. The results of the ranking are presented in Table 1-1.
We evaluated the existing tributaries for habitat quantity and quality (composition) data, and
data pertaining to fish utilization, prior to assessing potential enhancement actions. Since a
majority of the tributary streams flow through private land, fish usage and habitat quality data are
limited. Where such data are unavailable, qualitative information was provided by the
SYRTAC project biologist and other working group members familiar with the lower Santa
Ynez River tributaries. The major habitat criteria for rainbow trout/steelhead in the tributaries
includes stream gradient, instream cover, canopy cover, proximity to ocean, and available oversummering habitat. The presence of seed populations within each tributary is an important factor
in evaluating the anticipated biological response time for each enhancement action. Seed
populations are those where rainbow trout/steelhead are present and reproducing, and adequate
over-summering habitat is available. In some cases, fish passage impediments may isolate local
populations and suppress fish production and expansion due to limited migration opportunities.
We determined that tributaries with seed populations present would likely exhibit short-term
biological responses associated with modifying passage impediments. Quiota, Alisal,
Salsipuedes-El Jaro, and San Miguelito creeks are tributary streams where seed populations
currently exist. However, Alisal and San Miguelito creeks have impassable barriers
downstream (e.g., Alisal Reservoir, San Miguelito Creek flood control channel) which are
infeasible to effectively modify for fish passage. The resident populations found in upper Alisal
and San Miguelito are likely residualized strains of rainbow trout/steelhead. The presence of
seed populations in Quiota and Salsipuedes-El Jaro creeks suggest that fish passage impediment
modifications will improve migration opportunities during both low-flow and high-flow
scenarios.
Generally, habitat quality and fish utilization is lacking within the lower reaches of the tributary
streams, with the exception of Hilton Creek. Stream gradient was determined to be a major
habitat quality component, since fish utilization may be generally greater in higher gradient
streams where adequate over-summering habitat is more available (Douglas 1995). The higher
gradient reaches identified within the tributaries include Hilton Creek (confluence with mainstem
to headwaters), Quiota Creek (middle and upper reaches), Alisal Creek (above Alisal
Reservoir), upper Salsipuedes Creek, and San Miguelito Creek (above Lompoc).
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Table 1-1
Tributary

Tributaries Enhancement Prioritization Ranking Matrix
Tributaries
Ranking

Lower Hilton
Creek

Intra-Tributary
Ranking

Estimated
Length

Estimated Stream
Gradient

Over-summering
Habitat

Proximity to
SYR Mouth

Land Access

Enhancement
Opportunity

Distance/Area
Enhanced

Expected
Steelhead
Response
Time

Seed
Population

Estimated Cost

1

1,500 ft

HIGH 0.117 (0.117)

YES

6th

Good - BOR

Chute Modification,
Supplemental Flow,
Channel Extension,
Riparian Enhancement

2,800 ft (Chute); 2,980 ft
(Flow); 1,215 ft
(Extension); 200 ft
(Riparian)

Short-term

YES (with
watering
system)

$115k (Chute
passage); $360k
(Pump & Intake);
$220k (Extension)

2

3.5 mi

HIGH 0.081 (0.081)

YES

6th

Good - w/in CalTrans
easement; None adjacent private

Impediment Modification
(Hwy 154 Culvert)

18,480 ft (via passage)

Short-term

Uncertain

$75-100k

1

6.4 mi

HIGH 0.0585 (Lower
0.059, Upper 0.058)

Short-term

YES

$150k for 6
crossings (Santa
Barbara County
Roads has
funding for 3
crossings)

1

3.6 mi

Long-term

Uncertain

Unknown

2

Short-term

YES

Unknown

Long-term

NO

$30k (passage)

Long-term

YES

$50k (passage);
$100-200k? CEs

Long-term

YES

$200-300k? (CEs)

Long-term

YES

$30k (passage);
$300-400k? (CEs)

N/A

YES

N/A

1
Upper Hilton
Creek

Quiota Creek

2

Lower Alisal
Creek
Upper Alisal
Creek

4

Nojoqui Creek

5

Lower
Salsipuedes
Creek
Upper
Salsipuedes
Creek

YES

5th

LOW

(estimated)

N/A

4th

2 mi

HIGH

(estimated)

YES (potential)

4th

1

8 mi

LOW 0.014 (Lower
0.017, Upper 0.011)

NO (low)

3rd

2

4 mi

LOW 0.003 (0.003)

NO

2nd

3

5 mi

MODERATE 0.033
(Lower 0.017, Upper
0.042)

YES

2nd

2

Impediment Modification
(Arizona Crossings),
Livestock Mgmt. &
24,300 ft (via passage),
Erosion Control
5,280 ft (livestock mgmt.)
Measures, Riparian
Vegetation
None - Private adjacent
unknown - depends on
Riparian Enhancement
lands
access
Poor - Private adjacent
Reservoir Passage
15,840 ft (via passage)
lands
(ladder)
Moderate - Private
Impediment Modification
23,760 ft (via passage)
adjacent lands
(cascade & culvert)
Passage to Upper
Impediment Modification Salsipuedes (5.4 mi) and
Good - CalTrans;
(low-flow impediment), El Jaro (12 mi); 10,560 ft
Private adjacent lands
Livestock mgmt. &
(livestock mgmt. &
erosion control measures
erosion control
measures)
Poor - Good SB Co.
roads, Poor on private
adjacent land

Moderate - Private
adjacent lands

Livestock mgmt. &
erosion control measures

Unknown - depends on
access

Impediment Modification 64,240 ft (via passage),
(low-flow impediment), 10,560 ft (livestock mgmt.
Livestock mgmt. &
and erosion control
erosion control measures
measures)
Very Limited by Flood
MODERATE 0.022
San Miguelito
Poor - SB Co. FCD,
Control Channel (3 mi
6
1
9 mi
(Lower 0.002, Middle
YES
1st
Access to upper 6 mi
Creek
Unknown/Private lands long), other lg. Barriers
0.019, Upper 0.049)
U/S
Stream Gradient - calculated from 7.5 minute USGS quadrangles (others qualitatively assessed by the Tributaries Working Group)- LOW (0-0.02), Moderate (0.02-0.04), High (0.04+)
Over-summering Habitat - presence/absence based on actual observation by SYRTAC, CDFG, etc. unless noted.
Proximity to SYR Mouth - based on order of occurrence moving upstream from the lagoon along the mainstem.
Land Access - based upon SYRTAC research and interviews.
Enhancement Opportunity - based on SYRTAC Biologists' evaluation
Distance/Area Enhanced - estimates based on information provided by SYRTAC where possible.
Expected Steelhead Response Time - estimates based on qualitative expectations discussed by the Tributaries Working Group. Expectations largely based on stream gradient and presence of seed population.
Seed Population - presence/absence of seed population for purposes of recovering/increasing numbers of steelhead; based upon SYRTAC, CDFG, etc. observations.
Estimated Cost - based on preliminary estimates by SYRTAC for known enhancement opportunities where available.
El Jaro Creek

1

12.5 mi

LOW 0.013 (Lower
0.006, Middle 0.001,
Upper 0.017)

YES (potential)

2nd
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Persistent trout populations and associated spawning and rearing habitat have been observed in
all of these higher gradient reaches. The reaches in upper Alisal and San Miguelito, however,
are occupied by resident trout populations and are isolated from themainstem by impassable
barriers downstream. Nonetheless, successful spawning and earing have been observed within
the lower gradient reaches of Salsipuedes and El Jaro creeks over the past six years.
Another factor limiting fish utilization within the tributary streams is fish passage impediments and
barriers. Generally, each tributary has one or more low or high flow fish passage
impediment/barrier in its lower reach. Since much of the high quality spawning and rearing
habitat is found in the upper reaches, passage is a critical factor to reproductive success.
The proximity of each stream to the Pacific Ocean is also a critical factor for steelhead
production. During lower flow years, portions of the mainstem may not be passable, and
migrating steelhead may be limited to spawning within tributaries which are connected to the
lower mainstem. Access to adequate spawning and rearing habitat within these tributaries is
essential during lower flow years.
Finally, as the vast majority of the lower Santa Ynez River and its tributaries lie in private lands,
opportunities for habitat enhancement and data collection are necessarily limited by the
cooperation and permission of private landowners. Potential tributary actions were ranked by
opportunities for access and long-term maintenance of enhancement projects. Lower Hilton
Creek (U.S. Bureau of Reclamation property) and portions of Salsipuedes and El Jaro creeks
are considered to be accessible for data collection and future habitat enhancements. Currently,
reaches on upper Hilton Creek, Quiota Creek, Alisal Creek, Nojoqui Creek, and San
Miguelito Creek are generally inaccessible for collecting data and implementing habitat
enhancement actions. However, county and state road easements (e.g. Refugio Road crossings
on Quiota Creek) are accessible locations where passage impediment modifications may be
implemented.
1.4 CONCLUSIONS
Generally, Hilton Creek, Quiota Creek, and Salsipuedes-El Jaro Creek were identified as the
tributaries with the greatest potential for enhancing rainbow trout/steelhead habitat. Conversely,
Alisal Creek and San Miguelito Creek are considered low priority because they have large
passage barriers. Removal or modification of these impediments is considered infeasible at this
time due to jurisdictional issues and cost. Nojoqui Creek is considered a low priority because
there is no evidence that rainbow trout/steelhead occupy the stream with regularity, even though
the habitat conditions would suggest otherwise.
The tributary action ranking and prioritization is based on our best understanding of rainbow
trout/steelhead habitat utilization in the lower Santa Ynez River. We recognize that there are
inherent limitations to a numerical ranking system. Continued monitoring of habitat quality and
fish utilization will focus on developing a firm understanding of steelhead habitat requirements in
Southern California streams. Enhancement actions and their associated priority ranking should
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be managed adaptively over time, as new data become available, and funding or property
access opportunities materialize. The implementation of enhancement actions should
incorporate long-term monitoring elements to evaluate the effectiveness of actions and to
measure rainbow trout/steelhead response. These data will become valuable in making future
fisheries management decisions in the lower Santa Ynez River tributaries. The Adaptive
Management Committee will be responsible for continued monitoring of tributary habitat,
assessment of additional enhancement opportunities, and implementation of the recommended
actions (see Section 5.7 of the Plan).
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2.0
OVERVIEW OF TRIBUTARIES IN LOWER SANTA YNEZ RIVER

2.1 OBJECTIVES
The following sections provide a tributary-by-tributary assessment of the current rainbow
trout/steelhead habitat conditions and fish use. These assessments describe the general location,
geomorphology, water quality, and habitat conditions of each tributary. They summarize
observations of fish use in the tributary. Finally, the enhancement potential of each tributary is
outlined.
2.2 STEELHEAD LIFE HISTORY AND HABITAT USE
In the Santa Ynez watershed, adult steelhead migrate from the ocean typically between January
and April, depending on the amount of flow in the river. Spawning activities usually occur from
February through April, and into May in some years. Upstream migration requires sufficient
streamflow to breach the sandbar at the mouth (usually from Salsipuedes Creek runoff) and to
allow passage in the river. In dry years, passage can be impeded. Steelhead typically migrate
upstream when streamflows rise during a storm event. The eggs are laid in a nest (redd) in
gravel. After spawning, adult steelhead may return to the ocean, and again return to the river to
spawn in later years.
The young steelhead hatch in approximately six weeks and emerge from the gravels in May and
June. Young steelhead may spend one to four years in freshwater before emigrating to the
ocean. Typically, however, Southern California steelhead migrate to the ocean as 1 or 2 year
olds (5 to10 inches long). The juvenile outmigration period is typically February through May,
but the timing of migration is dependent upon streamflows. Those juveniles that leave the
freshwater environment undergo physiological changes that adapt them to a life in saltwater, and
become “smolts.” Resident rainbow trout may reach maturity and spawn in their second year
of life, although the time of first spawning is generally in their third year. Steelhead may also
spawn in their second year, but again it is more common for them to spawn for the first time in
their third or fourth year.
2.3 TRIBUTARY-BY-TRIBUTARY ASSESSMENT
The three evaluation criteria for the tributary assessments include: (1) presence or absence of
rainbow trout/steelhead; (2) physical habitat conditions including spawning substrate, stream
gradient, instream cover, canopy cover, and over-summering habitat; (3) opportunities to
maintain or enhance fish habitat. In many cases, access to streams running through private
property was not available. In these cases, information may be limited to roadside observations
or historical records. Opportunities for implementing enhancement measures will be affected by
the willingness of private landowners to participate in these activities.
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Fish passage impediments and barriers to upstream migration are described for each tributary in
Table 3-1. Where possible, suggestions for improving access to upstream spawning grounds
are offered.
2.3.1 SURVEY METHODS
This section gives a general overview of the SYRTAC survey methods used in the Santa Ynez
River mainstem and lower basin tributaries. Detailed methodologies are available in the
SYRTAC compilation reports (e.g., SYRTAC 1996).
2.3.1.1 General Location and Description
Surveys of the Santa Ynez River and lower basin tributaries provide a general description of
each creek’s topography, major landmarks and passage impediments. Habitat type information
for each creek also is presented. Depending on access, habitat surveys estimated percentages
of run, riffle, pool and cascade environments, channel width and depth, channel cover, flow
levels, substrate characteristics and riparian vegetation quality. All percentages are based on the
linear feet surveyed.
2.3.1.2 Fish Use
Since 1993, the SYRTAC has collected information on the presence or absence of rainbow
trout/steelhead in the Santa Ynez River and tributaries. Rainbow trout/steelhead presence and
overall geographic distribution is documented using direct observation (snorkel surveys), migrant
trapping, spawning surveys, and bank observations where access is permitted.
Migrant trapping involves placing a PVC fyke trap across the width of the stream. The purpose
is to document the seasonal timing and overall numbers of upstream migrating adults,
downstream migrating smolts (juvenile steelhead), and spawned-out downstream migrating
adults returning to the ocean. Migrant traps cannot be operated in high flows when steelhead
migration is likely highest. Therefore, migrant trapping consistently underestimates the number
of migrating fish. Electrofishing is not used in the Santa Ynez system except in sometimes in fish
rescue operations, and it is not used to determine the timing of fish entering the system. Migrant
trapping is used to determine the timing and numbers of adult and juvenile (smolt) rainbow
trout/steelhead migrating into and out of the watershed. Trapped fish are sized, aged, and when
possible, sexed. Downstream migrating juvenile rainbow trout/steelhead captured in the migrant
traps are inspected for evidence of smolting characteristics (i.e., deciduous scales, silvery
appearance, darkened fin margins). Upstream migrating rainbow trout/steelhead are inspected
for evidence of ocean residency (i.e., ocean parasites on gills, large size). Table 2-1 provides
definitions of different lifestages. Tissue and scale samples are collected for aging purposes and
genetic analysis.
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Table 2-1

Definitions and Characteristics of Different Lifestages of Rainbow
Trout/Steelhead

Lifestage
Redd
Young-of-the-Year
Juvenile
Adult
Smolt
Ocean Resident

Description
A nest excavated by a female rainbow trout/steelhead from the stream
gravel, containing fertilized eggs and covered with a layer of gravel.
Seen as a depression in the stream gravels.
Juvenile fish hatched in the spring of that year. Size (fork length) <
100 mm
Young fish after its first fall. Fork length 100-200 mm
Mature fish 2 or more years old. Fork length > 200 mm
Juvenile that has undergone physiological changes to adapt to life in
saltwater and is migrating from the river to the ocean. Characteristics
include deciduous scales, silvery appearance, darkened fin margins.
Large size (fork length > 400 mm) and silvery, examination of rings on
scales, evidence of ocean parasites on gills.

Snorkel surveys are conducted in the summer and fall in various pool, riffle, and run habitats.
The purpose of snorkel surveys is to: (1) determine if rainbow trout/steelhead successfully
spawned in that year by looking for young-of-the-year fish, (2) determine the presence or
absence of juveniles and/or adults, and (3) determine and document the composition and
relative abundance of fish species. Depending on the width of the survey corridor, one or two
divers are used to snorkel each habitat. Divers enter the water at the downstream end of the
habitat and traverse the unit upstream, counting fish by species and estimating actual size.
Depending on water clarity conditions, one or two passes are made with a short (30 minute)
interval between each pass.
Spawning surveys are conducted utilizing bank observation techniques. Once a rainbow
trout/steelhead redd has been observed, dimensions of the redd are documented along with
depth and velocity measurements along the egg deposition area. Flagging with the redd number
and date are attached to adjacent vegetation for future monitoring of successful rainbow
trout/steelhead production. Roadside observations are conducted only in those areas (mainly
along Quiota Creek) where access to the creek is not permitted. During the roadside
observations, surveyors enter the creek (directly adjacent to the road) along the Santa Barbara
County easement, and visually inspect aquatic habitats for presence of rainbow trout/steelhead
and/or spawning activity.
With all fish survey methods, the presence of predatory, competitive and other fish species of
interest is noted.
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2.3.1.3 Water Quality
Water temperature is an important parameter that affects the quality and availability of habitat
for rainbow trout/steelhead. Three temperature levels have been used to evaluate habitat
conditions within the lower Santa Ynez River. A temperature level of 20°C (68°F) for daily
average water temperatures has been used in central and southern California by California
Department of Fish and Game (CDFG) to evaluate the suitability of stream temperatures for
rainbow trout. This level represents a water temperature below which reasonable growth of
rainbow trout may be expected. Data in the literature suggest that temperatures above 21.5°C
(71°F) result in no net growth or a loss of condition in rainbow trout (Hokanson et al., 1977).
The temperature level of 22°C (71.6°F) daily average temperature was also used to look at
relative habitat suitability for sustaining fish. Maximum daily water temperatures ranging
between 25°C (incipient lethal temperature [ILT]) and 29.4°C (critical thermal maximum
[CTM]) were used to indicate potentially lethal conditions (Raleigh et al., 1984). The ILT
indicates potentially lethal conditions due to rather abrupt change in temperature while the CTM
describes a potentially lethal condition due to slow, incremental increase in temperature. These
temperature levels serve as guidelines to indicate general seasonal and spatial trends where
water quality conditions may be a concern, but the levels were not used to rule out particular
reaches. Cool water refuges in deep pools or pools with upwelling (i.e., circulation of cooler,
deeper water from the bottom of the pool) are available to varying degrees along the mainstem
and some tributaries. See Appendix G for a more detailed discussion of the effects of
temperature on rainbow trout/ steelhead.
Depending on stream access, water quality observations include temperature and flow
measurements. Qualitative assessments of water quality include flow conditions, presence of
cattle fecal material, water clarity and general degradation of water quality.
2.3.2 HILTON CREEK
2.3.2.1 General Location and Description
Hilton Creek is a small tributary located immediately downstream of Bradbury Dam that has
intermittent or no flows in its lower reaches during the dry season. The estimated watershed
area is approximately 4 square miles. About 2,980 feet of Hilton Creek is on U.S. Bureau of
Reclamation (Reclamation) property, including the confluence with the Santa Ynez River.
Figure 2-1 presents a schematic diagram of Hilton Creek, including a map of the recommended
enhancement actions for Hilton Creek. Figure 2-2 provides a summary of Hilton Creek habitat
quality and fish utilization attributes.
The lower reach of Hilton Creek is high gradient and well confined. Riparian vegetation and the
walls of the incised channel shade the streambed. A rocky cascade and bedrock chute are
passage impediments for migrating steelhead, located about 1,380 feet upstream from the
confluence with the river. The cascade is approximately 6 feet high. A shallow pool (the “chute
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QUICK FACTS
Hilton Creek
Number ofO. mykissObserved (1995-1999)

Present to Common(1,496 in 1995-1999 surveys-1,429 YOY, 38 JUV,

Estimated Watershed Area

4 sq. mi.

Estimated Stream Length

3.8 miles (Lower-0.3 mi., Upper-3.5 mi.)

Estimated Stream Gradient

HIGH

Percent Canopy (Avg)

1 to 25 (Range :0 to 100; many with 0)

Total Distance Habitat Typed (ft)

2,935

34 ADULT; trapping in 1995, 1997, 1998 yielded 68 U/S migrants and 17 D/S

(Lower-11.7%, Upper-8.1%)

(Access above BOR land is restricted by private property)

Summary of Habitat Attributes
Hilton Creek (Lower)

Quantity
Distance (ft)
Distance (%)
Avg Depth (ft)

Pool

Riffle

Run

11
295.5

25
1764

20
875

10.1

60.1

29.8

1.7

0.7

0.9

Avg Max. Depth (ft)

2.6

1.2

1.4

Avg Instream Shelter (%)
Avg Canopy (%)

50 to 75
25 to 75

25 to 75
0 to 100

25 to 75
0 to 100

Dominant Shelter
Components

Boulders and whitewater elements;
aquatic and terrestrial vegetation,
bedrock ledges, lg. woody debris

Whitewater and boulders; some
aquatic and terrestrial vegetation,
bedrock ledges, sm. woody debris

Boulders and whitewater; some
bedrock ledges, aquatic and terrestrial
vegetation, sm. woody debris

Temperature Data
(Lower Hilton Ck. only)
Year Ave. Daily Days Exceed
o

Daily

LOWER HILTON CREEK
PERCENT HABITAT TYPE
(linear feet)

Days Exceed

Mean
20 C
Max.
Lower Hilton (near SYR confluence)
1995
17.8
33
26.3
1996
13.8
0
20.7
1997
14.5
0
16.6
1998
15.7
30
25.7
Lower Hilton (below cascade/chute)
1995
16.8
2
24.3
1997
15.8
0
18.5
1998
16.0
14
27.7
Mid-Hilton (upstream Reclamation property line)
1998
16.3
0
21.1
1999
16.5
21
28.7

o

25C
POOL
10%

5
0
0
14

RUN
30%

0
0
19
0
11

Lower (near confluence)monitoring conducted in1995 (April thru August), 1996 (March
to mid-June), 1997 (April to mid-July), 1998 (March to October).
Lower (below cascade/chute)monitoring conducted in 1995 (May thru August), 1997
(mid-August to mid-September), 1998 (April to August).
Mid (Reclamation boundary)monitoring conducted in 1998 (mid-June to mid October),
1999 (mid-June to mid-November).

Figure 2-2
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pool”) is at the base of the cascade. The bedrock chute immediately above it is about 140 feet
long. Passage can be difficult here during high velocity flows due to the lack of deeper water
and resting sites.
Habitat mapping in 1995 classified the stream below the chute pool as 44% run, 27% riffle,
26% pool, and 3% cascade (SYRTAC 1997). Channel width averaged 9.3 feet, and
maximum pool depth averaged 3 feet. Most pools had suitable spawning habitat at their tails.
High flows in the winter of 1998 altered the lower few hundred feet of channel and moved the
confluence with the Santa Ynez River further downstream. In 1998, habitat mapping was
conducted on the portion of the creek on Reclamation property. Flow during this survey was
2.7 cubic-feet-per-second (cfs) to 2.8 cfs. The lower creek, up to the chute pool (1,382 feet),
was comprised of 58% riffle/cascade, 27% run, and 15% pool.
Habitat surveys in 1998 above the chute pool to the Reclamation property boundary (1,553
feet total) documented 61% riffle/cascade, 34% run, and 5% pool (SYRTAC 1998 data). The
reach just above the bedrock chute (about 300 feet) is consecutive run/riffle habitat with little or
no canopy cover. Above this open reach to the Highway 154 Culvert (about 2,400 feet total),
habitat conditions are good to excellent with excellent riparian shading and cover. Pool habitat
is greater than those in the lower Hilton (> 26%) and old growth sycamore dominate the
vegetation providing dense canopy cover. Streamflows persist longer in this reach than farther
downstream. Stream gradient increases to greater than 5% from the Reclamation property
boundary to approximately .5 miles upstream of the Highway 154 Culvert. About 1,200 feet of
this habitat is on Reclamation property. The Highway 154 Culvert is a complete passage
barrier and is located about 4,200 feet upstream from the confluence and about 1,200 feet
upstream from the Reclamation property boundary.
2.3.2.2 Fish Use
In general, steelhead are known to migrate to the uppermost accessible reaches in a river,
seeking spawning habitat. Adults migrating up the Santa Ynez River are blocked by Bradbury
Dam and must find spawning habitat downstream of the dam. Hilton Creek currently provides
the most upstream spawning habitat available to anadromous fish in the lower Santa Ynez basin.
Hilton Creek is inhabited by rainbow trout/steelhead up to the chute pool (1,380 feet upstream)
and prickly sculpin (to about 800 feet upstream from the confluence). Sculpin cannot negotiate
a small bedrock cascade and are not present in the upper portions of the creek. No introduced
warmwater species, such as bass, bullhead or sunfish, are found in Hilton Creek.
Adult passage to upper Hilton Creek is hampered first at a cascade and bedrock chute (located
about 1,380 feet upstream from the confluence with the Santa Ynez River) and then completely
blocked at a culvert at the Highway 154 crossing (about 4,200 feet upstream from the
confluence). Spawning is generally more common in the upper sections of the lower reach. No
spawning or young-of-the-year have been observed above the cascade to the Reclamation
property boundary (about 2,980 feet upstream from the mainstem). Anecdotal reports indicate
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that historically trout were present in upper Hilton Creek above the Highway 154 Culvert prior
to the Refugio Fire. It is possible that the 1955 Refugio fire, which burned 84,700 acres,
decimated the trout population in this upper reach.
Adult rainbow trout/steelhead have been documented migrating into Hilton Creek in all years
that observations have been made, but numbers were low in years with low winter runoff.
Migrant trapping captured 2 adults in 1994, 52 in 1995 during the wet winter, 3 adults in
February 1996 when the creek briefly flowed, 10 adults in January 1997 before flows declined,
and several during abbreviated trapping in 1998 and 1999 (SYRTAC 1997, 1998, 2000).
Actual spawning with production of young-of-the-year was documented in 1995, 1997, and
1998. Production has been especially good during high runoff years such as 1995 and 1998,
when many adults enter the creek. In 1995, migrant traps captured 52 adults between January
16 and April 17, and the actual numbers were likely higher since the trap is inoperable at high
flows (no trapping on 21 of 93 days) (Figure 2-3). Four upstream migrating adults were
captured in 1998, while no migrants were captured in 1999. Between 1994 and 1999, 71 adult
migrant trout were captured in Hilton Creek. Adults migrating into Hilton Creek are often large
and could be anadromous steelhead from the ocean (particularly in wet years), rainbow trout
that spilled over from Lake Cachuma, or fish that are resident in the river, its tributaries or the
lagoon (SYRTAC 1997, 1998, 2000).
Young steelhead remain in fresh water for a year or more. Because the stream goes dry during
the summer, young-of-the-year cannot complete rearing in lower Hilton Creek under natural
conditions (SYRTAC 1997, 1998, 2000). The fish are either stranded or must enter the
mainstem where the likelihood of predation by bass and catfish increases. Fish rescue
operations were conducted in 1995 and 1998 to move young-of-the-year from the drying
stream to better habitat. Between July 21 and August 4, 1995 approximately 100 young-ofthe-year were rescued and relocated to the portion of the mainstem between the spill basin and
the Long Pool. On August 5, 1995, over 120 young-of-the-year and five adults were rescued
and relocated. In June 1998, 831 young-of-the-year (up to 100 mm) and three adults were
captured in 1,200 linear feet of stream (Reclamation 1998). No juveniles were observed in the
creek. Many young-of-the-year and all three adults were found below the pool area just below
the cascade. The remaining young-of-the-year were removed from the lower reach of the
creek. In the spring of 2000, the supplemental watering system provided consistent, cool water
flow from Lake Cachuma to support newly hatched young-of-the-year.
2.3.2.3 Water Quality
Water temperatures have been monitored in the lower reach (about 250 feet upstream of the
confluence) and the middle reach in a pool downstream of the chute pool (about 1,000 feet
upstream of the confluence) since 1995. Beginning in 1998, temperatures at the Reclamation
property boundary (2,980 feet upstream of the confluence) have also been monitored. Hilton
Creek flows are very sporadic and highly dependent on seasonal rainfall. During dry and
sometimes average years, the creek may only flow for short periods of time before losing
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Figure 2-3
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continuity with the mainstem. During wet years, the creek typically flows until late May,
sometimes later depending on runoff (June 1995, July1998). Thermograph data, coupled with
observations throughout the year, indicate that water temperatures, while probably not
preferred, are generally suitable for rearing through the entire year. Water temperatures are
lowest at the upper Reclamation property boundary, with gradual warming down to the mouth
of the creek. Summer watertemperatures at the chute pool (1,380 feet upstream of the
confluence) are substantially lower than those measured further downstream. Water
temperatures in the chute pool may be suitable through at least August, although the pool would
be physically isolated from other areas of potential habitat during a portion of the year.
Seasonal patterns in surface flows and the persistence of pools vary annually depending on
precipitation and runoff within the watershed.
Maximum water temperatures within Hilton Creek, 250 feet upstream of the confluence with the
mainstem, ranged from 16.4 to 26.3°C during the summer of 1995 (June through August).
Young-of-the-year rainbow trout/steelhead were observed to be generally healthy and actively
feeding at temperatures up to 25.8°C. Young-of-the-year rainbow trout/steelhead were
observed up to the fish rescue operations in July 1995. Daily maximum water temperatures
exceeded 25°C for rainbow trout/steelhead for a few days in early August 1995.
In 1997, the year a temporary watering system was installed at Hilton Creek, maximum water
temperatures measured 250 feet upstream of the mouth never exceeded 18°C during the spring
and summer (April to October). Temperatures at the upstream monitoring locations were
slightly cooler during this period.
In 1998, summer water temperatures measured at the Reclamation property boundary (2,975
feet upstream of the confluence with the mainstem) were substantially lower than those
measured further downstream. Comparison of 1998 thermograph data at the lower two
monitoring sites (1,000 feet and 250 feet upstream of the mainstem) indicated that average
water temperatures were the same or 1 to 2°C warmer at the lower sites. Maximum water
temperatures were sometimes 2 to 4°C at the lower monitoring sites. In this year, flow in the
lower creek ceased by July 31. Maximum water temperatures during the last half of July did
exceed 25°C at this location. Flow was measured and visually estimated to be less than 1 cfs
when water temperatures were exceeding 25°C. Water temperatures at the chute pool
exceeded 25°C for only approximately two weeks around late July and early August.
Dissolved oxygen concentrations are within the normal tolerances when water is flowing in the
creek (> 5 ppm). Once the creek becomes intermittent, pool water quality can diminish to near
anoxic conditions. Channel disturbance and water quality problems appear minimal. Hilton
Creek clears rapidly after storm events, usually within a few days after rains have ceased.
2.3.2.4 Enhancement Potential
Hilton Creek has the best potential for enhancement of all the tributaries due to its proximity to a
dependable water supply (Lake Cachuma), high gradient orientation, presence of spawning and
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rearing rainbow trout/steelhead, its good shading conditions and substrate and channel structure,
and its presence on Reclamation property. Providing summer flows would allow fish of all age
classes (young-of-the-year, juvenile and adult) to rear and over-summer in Hilton Creek.
Enhancing or extending the channel near the confluence would extend the benefits of any
supplemented flows. Planned modification of the impediment at the chute pool and chute area
will open up additional habitat while riparian enhancement upstream of the impediment will help
reduce summer water temperatures. Modification of the Highway 154 Culvert would provide
passage to an additional mile or more of upstream spawning and rearing habitat. Habitat
modifications for Hilton Creek are discussed further in Appendix D.
The enhancement actions identified for Hilton Creek, include bedrock chute/cascade and
Highway 154 Culvert modifications, and the proposed creation of additional spawning and
rearing habitat via extending the channel near its confluence with the mainstem Santa Ynez
River. Tributary actions for Hilton Creek were ranked (No. 1) as the highest priority,
particularly the actions involving passage impediment modification at the chute pool and
Highway 154 Culvert. The channel extension has the potential to provide valuable additional
summer rearing habitat; however, opportunities to provide/improve access to existing habitat in
Hilton Creek (and other tributaries) are considered a higher priority.
2.3.3 QUIOTA CREEK
2.3.3.1 General Location and Description
Quiota Creek enters the Santa Ynez River between the towns of Solvang and Santa Ynez.
Quiota Creek is estimated to be 6.4 miles long and is a relatively high gradient stream. The
Quiota Creek watershed area is approximately 6.3 square miles. Figure 2-4 provides a
summary of Quiota Creek habitat quality and fish utilization attributes. Studies are limited due to
lack of access on private property. Surveys of lower Quiota Creek in spring 1994 found little
flowing water and degraded habitat conditions (ENTRIX 1995, SYRTAC 1997). Oaks and
willows generally were abundant, although riparian vegetation was lacking in many places. Silt
was the predominant substrate, especially in pools. Summer flow appears to be intermittent in
average and dry years in the lower section. Grazing decreased the amount of streamside
vegetation in this area.
A total of 602 linear feet of accessible Quiota Creek was habitat typed by the SYRTAC
biologist, where habitat composition is 32% pool, 19% riffle, 52% run, and 15% glide. Refugio
Road crosses Quiota Creek nine times starting with several crossings 1.3 to 1.6 miles from the
mainstem Santa Ynez. In 1998, a survey was conducted from road crossings about 1.5 to 3
miles upstream from the confluence. Habitat conditions in this area are better than in the lower
reach, particularly after the storms of 1998. Good canopy conditions provide shading within
this section. Additionally, pool habitats have good depth and complexity of instream cover.
Numerous undercut banks exist (particularly in pools) providing excellent rearing habitat. In
contrast to several other tributaries, substrate is composed of larger size gravel, cobbles, and
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QUICK FACTS
Quiota Creek
Number of O. mykiss Observed (1995-1999)

Generally Common (No sampling or trapping conducted
1995-1999; based on bank observations at selected crossings)

Estimated Watershed Area

6.32 sq. mi.

Estimated Stream Length

6.4 miles

Estimated Stream Gradient

HIGH (5.9%)

Percent Canopy (Avg)

50

Total Distance Habitat Typed (ft)

602

(Range: 25 to 75)
(not fully surveyed due to private property access)

Summary of Habitat Attributes
Quiota Creek

Quantity

Pool

Riffle

Run

Glide

5

3

5

1

Distance (ft)

192

115

315

88

Distance (%)

31.9

19.1

52.3

14.6

Avg Depth (ft)

1.5

0.36

0.61

0.38

Avg Max. Depth (ft)

2.6

0.85

1

0.8

Avg Instream Shelter (%)

25 to 50

75

25 to 75

75

25 to 100

75 to 100

50 to 100

100

Root massess, terrestrial
vegetation, undercut banks,
and terrestrial vegetation

Sm. woody debris, root
masses, and terrestrial/aquatic
vegetation

Avg Canopy (%)
Dominant Shelter
Components

Boulders, bedrock ledges, root
Root masses and boulders;
masses; some undercut
some sm. & lg. woody debris,
banks, sm. woody debris and
and terrestrial vegetation
aquatic vegetation

QUIOTA CREEK
PERCENT HABITAT TYPE
(linear feet)

GLIDE
12%
POOL
27%

Temperature Data

No water quality monitoring conducted during the
survey period.

RUN
45%

Figure 2-4

RIFFLE
16%

Summary of Quiota Creek Habitat Attributes
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boulders. An unnamed tributary that enters Quiota Creek about 4 miles upstream from the
Santa Ynez confluence was examined in August 1994 (ENTRIX 1995). The tributary was
spring-fed and in a steep gully. There was little or no flowing water in late summer, and
upwelling (cooler water circulating upward from the bottom of the pool) produced most
habitats. In some places, there was good boulder cover and adequate pool depths that
provided refuge for over-summering rainbow trout/steelhead. Oaks and cottonwoods shaded a
significant portion of the creek, but overall there was little riparian vegetation.
The numerous road crossings of Refugio Road are impediments to upstream passage at low and
high flows (S. Engblom, pers. comm., 1999). All nine crossings are shallow-water Arizona
crossings with concrete beds and, at several sites, a 2- to 3-foot drop downstream of the
concrete apron. Four of these crossings warrant further attention for passage enhancement.
The County of Santa Barbara maintains Refugio Road.
The road crossings intersecting Quiota Creek were evaluated by the SYRTAC project biologist
and ranked for fish passage-associated modifications (S. Engblom, pers. comm., 2000.) The
County of Santa Barbara has indicated that three crossings (Crossings No. 2, 5, 8) will be
repaired in the near future, incorporating fish-friendly engineering advocated by SYRTAC. The
remaining road crossings have been ranked as high priority implementation actions by the work
group. Table 2-2 depicts the ranking order and important site elements, for each road crossing.
2.3.3.2 Fish Use
Visual surveys conducted by DFG from 1993 to 1998 and roadside surveys by SYRTAC
biologists (1993 to 2000) show that Quiota Creek, especially the upper reach, supports
rainbow trout/steelhead. Although a May 1994 walking survey (visual inspection) reported no
fish, electrofishing of 125 feet captured three young-of-the-year, six juvenile and four small adult
rainbow trout/steelhead. Visual observations at that time also documented over 100 young-ofthe-year (SYRTAC 1997). In an unnamed tributary about 4 miles upstream from the Santa
Ynez River, an August 1994 survey documented over 100 young-of-the-year and 20 to 30
juvenile/adults (SYRTAC 1997). A visual survey in February 1995 documented spawning
activity, redds and two adults (one 16-inch female and 6-to 8-inch male) approximately 2 miles
upstream of the confluence with the Santa Ynez River (SYRTAC 1997). Observations from
nine road crossings in late 1998 documented approximately 100 young-of-the-year from about
1.5 to 3 miles.
2.3.3.3 Water Quality
No temperature monitoring has been conducted on this stream. In the lower reach, lack of
good shading suggests that warming may be a problem. Cattle fecal material was also observed
in and around the stream in this area which may contribute to nutrient loading. Shading is better
upstream, which may indicate that better water temperature could be found there.
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Table 2-2

Quiota Creek Road Crossings Passage Impediment Modification
Rankings

Road
Crossing

Passage
Barrier
Type

Jump
Height

Important Elements

Ranking

No. 1

Low Flow

2 ft.

Shallow downstream (D/S) pool
Shallow flow over road

5

No. 2

Low/High
Flow

4 ft.

Lg. D/S pool (over-summering)
Shallow/high velocity flow over
road

1
(slated for SB Co.
repair)

No. 3

Low Flow

2 ft.

D/S pool present
Shallow flow over road

6

No. 4

Low Flow

3 ft.

D/S pool present
Shallow flow over road

4

No. 5

Low Flow

< 1 ft.

D/S pool present
Shallow flow over road

7
(slated for SB Co.
repair)

No. 6

Low/High
Flow

4 ft.

Pool absent D/S (riffle)

2

No. 7

Low/High
Flow

< 1 ft.

Velocity impediment (culvert)

8

No. 8

N/A

N/A

Road washed out

9
(slated for SB Co.
repair)

No. 9

Low/High
Flow

4 ft.

Sm. Shallow pool D/S
Shallow flow over road

3
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2.3.3.4 Enhancement Potential
The upper reaches and tributaries of Quiota Creek provide good habitat potential based on
observations of fish production in limited surveys. Passage at several road crossings could be
improved to provide steelhead better access to these reaches. The lower reach of Quiota
Creek, close to the Santa Ynez River, has low potential as fish habitat due to a lack of flow
during the summer months. This characteristic is common in the lowermost reaches of many
tributaries in the Santa Ynez system. Stream reaches with persistent flow in the lower portion of
the creek may benefit from improvements to riparian vegetation and livestock management.
The enhancement actions analyzed for Quiota Creek were ranked as high priority (Rank No.
2). The tributary actions identified for Quiota Creek include road crossing (fish passage
impediments) modifications and improving instream and riparian habitat. The modification of
nine road crossings (Refugio Road) which currently impede fish passage during low and highflows was ranked as high priority due to the presence of a seed population, over-summering
habitat, and the anticipated short-term biological response time. The County of Santa Barbara,
which maintains Refugio Road, has expressed interest in modifying three of the crossings with
fish-friendly engineering elements, and will also work in concert with the Adaptive Management
Committee to improve the remaining six crossings. Improvement of degraded stream habitat
near the confluence with the mainstem through livestock management is of lower priority since
property access is not currently available, and this reach does not exhibit perennial flow.
2.3.4 ALISAL CREEK
2.3.4.1 General Location and Description
Alisal Creek enters the Santa Ynez River near Solvang. Alisal Creek is approximately 5.6 miles
long and its watershed area is approximately 11.6 square miles. Stream gradient in Alisal Creek
is low below the reservoir and high in the stream upstream of the reservoir. Figure 2-5 provides
a summary of Alisal Creek habitat quality and fish utilization attributes. Habitat in lower Alisal
Creek runs through private property and was not surveyed, although some observations were
made from the road. During the summer, flow does not reach the Santa Ynez River confluence,
but little is known about water conditions further upstream. Access to Alisal Creek was granted
in 1995 and riparian and instream habitat is similar to that of upper Quiota Creek. The lower
creek runs through a golf course. A small concrete structure just upstream of the confluence
was a potential passage impediment, but it was washed out by storms in 1995. A dam and
small reservoir (Alisal Reservoir) exist about 3.6 miles upstream from the confluence and block
passage for steelhead to upstream areas. Approximately 2 miles of Alisal Creek flows above
the Alisal Reservoir. Conditions below this reservoir appear fair, with good riparian vegetation
and canopy cover. The habitat above the reservoir is very good with excellent riparian
vegetation and canopy, and has perennial flow.
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QUICK FACTS
Alisal Creek
Present, but in low numbers (Based on bank observations. No
Number of O. mykiss Observed (1995-1999)

sampling conducted in 1996-1999 due to access; trapping in 1995 yielded 2
U/S migrants. Common above reservoir.)

Estimated Watershed Area

11.6 sq. mi.

Estimated Stream Length

5.6 miles (Below reservoir-3.6 mi.; Above reservoir-2 mi.)

Estimated Stream Gradient

MODERATE (Below reservoir-Low; Above reservoir-High)

Estimated Canopy

GOOD (excellent above reservoir)

Total Distance Habitat Typed (ft)

0 (not habitat typed due to private property access)

Summary of Habitat Attributes
Alisal Creek

- Alisal Reservoir dam blocks fish passage to upper Alisal Creek.
- Habitat conditions below reservoir are fair with little dry season flow.
- Habitat conditions above reservoir are very good above reservoir with perennial flow.
- Resident rainbow trout spawn and rear in the upper creek and have been observed to be common to abundant.
- Below reservoir oversummering habitat is poor due to low flow.
- Habitat conditions and fish utilization below reservoir have not been assessed due to private property access.
- No water quality (temperature & DO) monitoring conducted during the survey period.

ALISAL CREEK
PERCENT HABITAT TYPE
(linear feet)

Figure 2-5

Summary of Alisal Creek Habitat Attributes
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2.3.4.2 Fish Use
Fish surveys were conducted in February 1995, when access to the property was available for
migrant trapping and an electrofishing survey (SYRTAC 1997). Prior to 1995, migration into
Alisal Creek was blocked by a concrete drop structure and apron. This structure was washed
away by high flows in early 1995, and rainbow trout/steelhead were subsequently captured in
the lower creek. Twenty resident rainbow trout juveniles and adults (78 mm to 235 mm fork
length) were found via electrofishing in Alisal Creek upstream of Alisal Reservoir (SYRTAC
1997). Bass and sunfish inhabit the reservoir. Trapping in lower Alisal Creek in January 1995
captured two adult rainbow trout/steelhead migrating upstream into the creek. Many other
rainbow trout/steelhead of various size classes were observed to be common to abundant within
the upper portions of Alisal Creek (S. Engblom, pers. comm., 1999).
2.3.4.3 Water Quality
No temperature monitoring has been conducted, but observations suggest good temperature
conditions in upper Alisal Creek.
2.3.4.4 Enhancement Potential
More information is needed about this tributary to evaluate enhancement potential. Depending
on water availability and channel conditions downstream of the reservoir, enhancement
measures could be useful to improve spawning and rearing opportunities. Providing fish
passage opportunities above the Alisal Reservoir is extremely limited due to the size of the dam
and reservoir and private property access. The cost and technical feasibility of such an effort
would require significant resources.
Since enhancement opportunities are limited to improving habitat downstream of Alisal
Reservoir, and private property access is unlikely, tributary actions on Alisal Creek are
considered to be low priority (Ranking No. 4). Improvement of spawning and rearing habitat
within lower Alisal Creek could be beneficial to rainbow trout/steelhead, however, the dominant
proportion of good habitat exists above Alisal Reservoir.
2.3.5 NOJOQUI CREEK
2.3.5.1 General Location and Description
Nojoqui Creek joins the Santa Ynez River near Buellton. Nojoqui Creek is estimated to be 8
miles long, and its watershed area is approximately 15 square miles. Nojoqui Creek is
predominantly a low gradient stream. Figure 2-6 provides a summary of Nojoqui Creek habitat
quality and fish utilization attributes. Habitat surveys were conducted in 1994 and 1998. The
lower reach of Nojoqui Creek from the confluence with the mainstem Santa Ynez River up to a
1/2 to 3/4 miles had degraded conditions with no canopy, little vegetation, eroded banks, and
little or no flow during summer. Further upstream, however, conditions appeared good for
spawning and rearing, although flow is fragmented and intermittent within this section,
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particularly during average and dry years. The stream had dense riparian vegetation and canopy
cover, good instream cover from boulders, roots, and undercut banks. The 1998 habitat survey
found mainly shallow runs (65% run), 15% riffle, 17% glide, and 4% pool.
No significant passage impediments currently exist. One low-flow impediment exist
approximately 3 miles upstream from the Santa Ynez River, and another impediment may exist
at a culvert under the Highway 101 Bridge. The second possible impediment has not yet been
evaluated. A small concrete dam that impeded passage washed out in 1995.
2.3.5.2 Fish Use
Electrofishing and snorkel surveys in May 1994 found arroyo chub and threespine stickleback
abundant in Nojoqui Creek, with small populations of green sunfish and largemouth bass in a
few pools. However, no rainbow trout/steelhead were observed or captured. Two adults were
captured migrating upstream in March 1998 and another adult observed in a pool, but no other
rainbow trout/steelhead were captured in 1995 or 1997. Anecdotal reports from local
residents are conflicting, with one resident reporting that steelhead never really used Nojoqui
(J.J. Hollister, pers. comm., 1998 to M. Cardenas) and another reporting that steelhead trout
were common in the creek (Jack Daniels, pers. comm.). Based on the size of the historical run,
there is little doubt that steelhead historically utilized Nojoqui Creek from time to time. It is
speculated that, unlike the other creeks in the lower basin, Nojoqui does not have a remnant
population within its watershed. Land use activities, coupled with the recent drought effectively
dried Nojoqui Creek for several years during the late 1980’s and early 1990’s. With no
remnant seed population within the creek, very small numbers of adults returning from the
ocean, and low numbers within the Santa Ynez watershed, it is highly unlikely that Nojoqui
Creek could become populated with rainbow trout/steelhead in the near future.
2.3.5.3 Water Quality
Summer water temperatures sometimes exceeded guidelines for rainbow trout/steelhead (20°C
daily mean and 24°C maximum); although, in general, water temperatures tend to remain cool.
2.3.5.4 Enhancement Potential
Rainbow trout/steelhead are rarely present in Nojoqui Creek, despite what appears to be
suitable habitat and cooler summer water temperatures. In addition to poor habitat condition
during the recent drought, there may be some as yet undocumented passage impediments
located on private property. The area near the confluence is somewhat degraded. Lack of
summer flows in the lower reaches results in a loss of continuity with the mainstem during early
spring and summer, although isolated areas of flow and pool Management Committee. Since
documented steelhead use within Nojoqui Creek is limited, habitat enhancement is of lower
priority (Ranking No. 5).
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QUICK FACTS
Nojoqui Creek
Number of O. mykiss Observed (1995-1999)

Generally Absent (1 Adult Observed in 1998 survey;
1998 trapping yielded 2 U/S migrants and 1 D/S migrant)

Estimated Watershed Area

15.1 sq. mi.

Estimated Stream Length

8 miles

Estimated Stream Gradient

LOW (1.4%)

Percent Canopy (Avg)

1 to 50 (Range: 0 to 100)

Total Distance Habitat Typed (ft)

16,382

Summary of Habitat Attributes
Nojoqui Creek
Pool

Riffle

Run

Glide

Quantity

14

34

42

15

Distance (ft)

670

2478

10620

2614

Distance (%)

4.1

15.1

64.8

16

Avg Depth (ft)

2.3

0.7

1

1.2

Avg Max. Depth (ft)

3.5

1.3

2

2.3

Avg Instream Shelter (%)

0 to 100

25 to 100

50 to 75

25 to 50

Avg Canopy (%)

0 to 50

0 to 75

0 to 50

0 to 50

Dominant Shelter
Components

Aquatic vegetation
Aquatic vegetation (lower) and
Whitewater, aquatic vegetation (lower/upper) and boulders,
root masses, boulders, terrestrial
(lower), boulders (upper);
terrestrial vegetation (upper);
vegetation, undercut banks
terrestrial vegetation
lg. woody debris and root
(upper); sm. & lg. woody debris
masses (upper)

Aquatic vegetation
(lower/upper), terrestrial
vegetation (upper); undercut
banks/bedrock ledges (upper)
and sm. woody debris (upper)

NOJOQUI CREEK
PERCENT HABITAT TYPE
(linear feet)
POOL
4%

GLIDE
16%

RIFFLE
15%

Temperature Data
Year Ave. Daily
Mean
1997
<19
1998
17.8
1999
17.1

Days Exceed
o
20 C
0
84
5

Daily
Max.
<19
27.0
25.4

Days Exceed
o
25 C
0
33
1

Unknown monitoring period in 1997; 1998 monitoring includes
January-February and mid-May to November; 1999 monitoring
April to mid-August.
RUN
65%

Figure 2-6

Summary of Nojoqui Creek Habitat Attributes
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2.3.6 SALSIPUEDES CREEK AND EL JARO CREEK
2.3.6.1 General Location and Description
The Salsipuedes-El Jaro Creek system is the largest tributary drainage in the lower basin.
Salsipuedes joins the Santa Ynez River just upstream of the town of Lompoc. El Jaro Creek is
a tributary of Salsipuedes Creek. The Salsipuedes-El Jaro Creek watershed area is
approximately 47 square miles. Salsipuedes Creek is approximately 9 miles long, and El Jaro
Creek is approximately 12.5 miles long. The stream gradient of lower Salsipuedes Creek and
El Jaro Creek is relatively low, while upper Salsipuedes is moderately high gradient. Figure 2-7
provides a summary of Salsipuedes-El Jaro Creek habitat quality and fish utilization attributes.
This system is the second tributary that returning steelhead encounter after entering the Santa
Ynez River from the ocean, and the first into which they can migrate.
Access to habitat within Salsipuedes and El Jaro creeks by anadromous steelhead may be
limited by low-flow passage impediments associated with bridges or road crossings (S.
Engblom, pers. comm., 1999). Recent surveys by the SYRTAC biologist documented two
impediments (S. Engblom, pers. comm., 1999), although an earlier survey reported three lowflow passage impediments (SYRTAC 1994, 1997). These impediments are thought to impede
the passage of both adult and juvenile fish primarily during periods of low flow. The Highway 1
Bridge #51-95 on lower Salsipuedes Creek is located approximately 3.6 miles upstream from
the Santa Ynez River. This bridge has a 3- to 4-foot drop from the concrete apron into a pool
downstream of the bridge. Pool depth may not be sufficient to allow fish to negotiate the apron.
Another impediment is a road crossing and concrete apron on El Jaro Creek about 1/3 of a mile
upstream of the confluence with Salsipuedes Creek. It is an old ford on a private, unused road,
with a 3-foot drop below.
Habitat surveys were conducted by the SYRTAC in 1994, 1996 and 1998 (SYRTAC 1997,
1998). Lower Salsipuedes Creek (below the confluence with El Jaro Creek) was surveyed on
June 12 and 13, 1996, at a flow of 2.06 cfs. The habitat was comprised primarily of shallow
runs (72% of surveyed reach length), with some deep run (7%), step run (5%), pools (10%),
and riffles (6%) (SYRTAC 1998). After the first quarter mile, the flood plain widened, and
there was minimal riparian vegetation and canopy (SYRTAC 1997). Canopy cover in 1996
averaged 24% for riffles and 16% for pools, but was less than 10% for all runs. Riparian
vegetation was scoured from the main channel in the winters of 1995 and 1998 (S. Engblom,
pers. comm.). Several small pools with undercut banks and other features provide important
summer habitat for rainbow trout/steelhead (SYRTAC 1997). Instream cover averaged 34% in
pools (vegetation, bedrock, some woody debris), 28% in deep runs (vegetation, bedrock,
undercut banks), 18% in runs (vegetation with some bedrock and undercut banks), and 13% in
riffles (mainly white water) (SYRTAC 1998). Following the heavy winter flows of 1998, a
survey on June 22 and June 29, 1998 at a flow of about 10 cfs found mostly runs and slightly
less pools (73% runs, 15% glides, 7% riffles, and 4% pools) (SYRTAC data).
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QUICK FACTS
Salsipuedes & El Jaro Creeks
Present to Common
Number of O. mykiss Observed (1995-1999)

(703 in 1995-1999 surveys- 211 YOY [many present but not
sampled], 399 JUV, 93 ADULT; trapping yielded 77 U/S migrants and 46 D/S migrants -lower
Salsipudes Ck. only)

Estimated Watershed Area

47.1 sq. mi.

Estimated Stream Length

21.5 miles

Estimated Stream Gradient

LOW (Lower Salsipuedes-0.3%, Upper Salsipuedes-3.3%, El Jaro-1.3%)

Percent Canopy (Avg)

1 to 25

Total Distance Habitat Typed (ft)

23,490

(Lower Salsipuedes-4 mi., Upper Salsipuedes-5 mi., El Jaro-12.5 mi.)

(Range: 0 to 50)

Summary of Habitat Attributes
Salsipuedes & El Jaro Creeks
Pool

Riffle

Run

Glide

Quantity

19

31

43

14

Distance (ft)

905

2278

16995

3312

Distance (%)

3.9

9.7

72.3

14.1
1.1

Avg Depth (ft)

2.2

0.9

1.2

Avg Max. Depth (ft)

4.6

2.5

3

3.3

Avg Instream Shelter (%)

25 to 50

50 to 75

25 to 75

0 to 50

Avg Canopy (%)

0 to 25

25

25

25

Annual Fish Quantity (Avg)

128.3

12

82.3

2.3

Dominant Shelter
Components

Undercut banks, bedrock
ledges, boulders, aquatic
vegetation, whitewater, sm.
woody debris, terrestrial
vegetation

Temperature Data
Year Ave. Daily

Days Exceed
o

Mean
20 C
Lower Salsipuedes Creek
1996
19.3
76
1997
16.0
87
1998
18.4
79
1999
16.8
52
Upper Salsipuedes Creek
1996
14.2
0
1997
14.5
0
1998
15.2
14
1999
15.6
2
El Jaro Creek
1996
20.0
83
1997
16.1
45
1998
16.5
74
1999
17.4
23

Daily

Aquatic vegetation, undercut
Aquatic vegetation, undercut
Whitewater, boulders, aquatic
banks/bedrock ledges,
banks/bedrock ledges,
vegetation, terrestrial
boulders, terrestrial vegetation,
terrestrial vegetation, sm.
vegetation, bedrock ledges
sm. woody debris
woody debris

SALSIPUEDES & EL JARO CREEKS
PERCENT HABITAT TYPE
(linear feet)

Days Exceed
o

Max.

25 C

27.6
27.4
39.4
34.4

53
24
78
48

21.6
22.8
27.3
30.7

0
0
2
2

28.1
26.5
27.7
28.8

27
9
40
22

GLIDE
14%

Lower Salsipuedes - monitoring conducted in1996 (May-October), 1997 (January-June; midAugust thru December), 1998 (early January; mid-April to November), 1999 (February to
November).
Upper Salsipuedes monitoring conducted in 1996 (May-June; November-December), 1997
(January-December), 1998 (January-October), 1999 (April-October).
El Jaro monitoring conducted in 1996 (May to November), 1997 (early January ; midFebruary thru December), 1998 (January to November), 1999 (April to November).

Figure 2-7

POOL
4%

RIFFLE
10%

RUN
72%

Summary of Salsipuedes Creek and El Jaro Creek Habitat Attributes
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Substrate conditions varied by habitat in 1996, with silty conditions generally throughout lower
Salsipuedes Creek. Pools were dominated by fine sediments, and sub-dominated by bedrock
and gravels. Riffles were dominated by small cobbles, and sub-dominated by gravels and large
cobbles. Run habitats were dominated by gravels and fine sediments, and sub-dominated by
small cobbles.
In 1994, seven habitat units were identified and measured in upper Salsipuedes Creek, directly
upstream of the confluence of El Jaro Creek. The habitat units surveyed included 4 pools, 2
riffles, and 1 run, covering a distance of approximately 500 feet, where access issues limited the
extent of the survey. Excellent cover and shading were observed in the 1994 survey, and
suitable spawning gravels were observed in all riffle and pool tail areas. A survey conducted
June 26, 1996 found that habitat was comprised mainly of runs (44% by length), followed by
step runs (27%), pools (20%), and riffles (9%). Flow was .68 cfs in upper Salsipuedes and 2
cfs in lower Salsipuedes on that day. Canopy coverage was relatively high compared to lower
Salsipuedes and El Jaro creeks, averaging 48% in riffles, 29% in pools, 17% in runs, and 13%
in step runs (SYRTAC 1998). Instream cover was 38 to 40% for all habitat types. Substrate
composition was also similar across habitat types, with gravels dominant, and in pools and runs
fine sediments subdominant.
The banks and channel in El Jaro Creek are very similar to lower Salsipuedes, although El Jaro
has two to three times the flow of upper Salsipuedes. The 1994 survey near the confluence
with Salsipuedes Creek documented large pools, good riparian cover with overhanging
vegetation, good instream cover in the form of vegetation and boulders, and generally excellent
trout habitat (SYRTAC 1997). Further upstream there were areas of marginal habitat with
abundant fine sediment, slow flow, and medium canopy. Other sections had high gradient
riffles, very rocky substrate, and appeared to provide quality trout habitat. Although some
reaches upstream of the ford had excellent spawning and rearing habitat, no trout were
observed in the stream for 2 miles. A greater incidence of destabilized banks and fine sediments
were observed in the upstream portion of El Jaro Creek and in the lower section of Salsipuedes
Creek.
El Jaro Creek was surveyed again on June 27, 1996 at a flow of 1.1 cfs. The survey (4,490
feet total) found primarily runs (61% by length), with lower proportions of pools (17%), step
runs (13%), riffles (6%), and deep runs (3%) (SYRTAC 1998). Canopy cover averaged 26%
in pools, 28% in riffles, 23% in deep runs, and only 5% in runs. Instream cover was greatest in
pools (32%, vegetation and boulders), followed by runs (26%, vegetation and boulders), deep
runs (15%, boulders and rootwads), and riffles (22%, vegetation, rootwads, and boulders).
Substrate in pools and deep runs were dominated by fine sediments and sub-dominated by
boulders and gravels. Riffles and runs were dominated by gravels, and sub-dominated by
cobbles in riffles and fine sediments and large cobbles in runs. Following the heavy winter flows
of 1998, a survey in July 1998 (4,548 feet total) at a flow of 5.9 cfs found more riffles and
fewer pools (66% runs, 19% riffles, 12% glides, and 3% pools) (SYRTAC data). The large
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storms of 1995 and 1998 have altered this reach by filling in some pool habitat and scouring
riparian vegetation.
Overall, the reaches with the best conditions are in upper Salsipuedes Creek (upstream of the
confluence of the two creeks). All three creeks are steeply banked with a confined channel.
Casual observations by the SYRTAC biologist suggest that habitat conditions are fairly
consistent throughout the entire system (S. Engblom, pers. comm.).
2.3.6.2 Fish Use
Rainbow trout/steelhead of all size classes have been found in the Salsipuedes-El Jaro Creek
system. During summer months when conditions are warm, typically they are found in pools
and deep runs. Arroyo chub, fathead minnow, and threespine stickleback were common
throughout. Lower Salsipuedes also had warmwater species such as green sunfish, largemouth
bass, and bullhead.
In March 1987, an electrofishing survey by U.S. Fish and Wildlife Service (USFWS) collected
two adult females and two adult males (Harper and Kaufman 1988). Of these adults, only one
female appeared to have been an ocean resident. Captured juveniles did not exhibit smolting
characteristics, although several juveniles observed from the bank appeared to be smolts
(Harper and Kaufman 1988).
In 1994, an electrofishing survey in May and August found young-of-the-year and juvenile
rainbow trout/steelhead around the confluence of Salsipuedes and El Jaro, and one adult larger
than 250 mm was found in Salsipuedes upstream of the confluence (SYRTAC 1997). In 1997,
snorkel surveys in lower Salsipuedes found young-of-the-year (33), juveniles (172), and small
adults (16), while surveys in upper Salsipuedes and El Jaro found young-of-the-year (56 in
upper Salsipuedes, 45 in El Jaro) as well as juveniles and adults (10 in upper Salsipuedes, 62 in
El Jaro) (SYRTAC 1998).
The results of seasonal migrant trapping on Salsipuedes Creek in 1997 are summarized in
Figure 2-8. In 1997, an average rainfall year, 34 upstream migrants and 12 downstream
migrants were captured. The fish tended to be small but mature fish (125 mm to 256 mm) that
are likely resident rainbow trout possibly reared in the lagoon, and a few large adults (345 mm
to 580 mm) that could be anadromous steelhead from the ocean. In 1998, only one upstream
migrant was captured, while 40 migrants were captured in 1999. Observations of spawning in
wet years such as 1995 and 1998 were limited due to the difficulty of trapping when flows were
high and turbid. Spawning has been documented in both streams (SYRTAC 1997). In 1997,
redd surveys found most redds just above the confluence (within a 1/2 mile) in El Jaro (18
redds) and upper Salsipuedes (11 redds), with 14 redds also located on lower Salsipuedes
Creek within 2 miles downstream of the confluence with El Jaro (Figure 2-9). In 1998 and
1999 redd surveys were conducted in Salsipuedes and El Jaro creeks. Three redds were
observed in Salsipuedes Creek in 1998 (upper only), while 64 redds were observed in 1999
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(48 lower, 16 upper). No redds were observed in El Jaro Creek during surveys conducted in
1998 and 1999.
Downstream migrant trapping in Salsipuedes Creek indicates that most movement occurs in
March and April. In 1994, five fish were captured in June, but none appeared to be smolts
(SYRTAC 1997). In 1996, four fish were captured between February and April, and two of
them (131 mm and 153 mm) had smolting characteristics. In 1997, nine fish (148 mm to 240
mm) were captured between February and April. Four of these were smolting. Trapping
conducted in 1998 and 1999 yielded 23 downstream migrants (17 and 6, respectively).
For additional data, please refer to SYRTAC data compilation reports (1998 and 2000).
2.3.6.3 Water Quality
Maximum water temperatures in upper Salsipuedes Creek (upstream of the confluence of El
Jaro Creek) were monitored periodically from 1995 to 1998. Water temperature was 2 to
3°C cooler in this portion of the stream than in El Jaro Creek or in lower Salsipuedes Creek.
Water temperatures did not exceed 22°C in either 1995 or 1996, nor did average daily
temperatures exceed 19°C.
Water temperatures in El Jaro Creek, just upstream of its confluence with Salsipuedes Creek
and in lower Salsipuedes Creek, were relatively higher than in the upper Salsipuedes. Mean
daily temperatures at both locations exceeded 20°C in July and August 1995, and maximum
temperatures exceeded 24°C in these months as well. Temperature regimes are almost
identical in both El Jaro and lower Salsipuedes creeks.
2.3.6.4 Enhancement Potential
Although this watershed has a generally low gradient, the enhancement potential is high for
Salsipuedes and El Jaro creeks, given the availability of year-round water and the presence of
rainbow trout/steelhead. Improving canopy cover, increasing the number of pools, and reducing
sedimentation in certain areas, especially lower Salsipuedes near the confluence of the two
creeks, could reduce water temperatures and improve substrate conditions. Passage
impediments also could be modified. Enhancement of the Salsipuedes–El Jaro Creek system
was considered to be a higher priority for habitat enhancement. Impediment modification and
habitat enhancement measures (Ranking No. 2) on El Jaro, lower Salsipuedes, and upper
Salsipuedes are considered important to steelhead utilizing the lower Santa Ynez River, since
fish utilization there is ongoing, and opportunities for habitat enhancement on private property
are likely. The Salsipuedes-El Jaro system is also considered to be very important to steelhead
during drier years since Salsipuedes is the closest viable stream for upstream migration and
spawning. The mainstem Santa Ynez, above the Salsipuedes confluence, may not support
passable streamflow during low-flow years.
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Figure 2-8
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2.3.7 SAN MIGUELITO CREEK
2.3.7.1 General Location and Description
San Miguelito Creek flows into the Santa Ynez River at the City of Lompoc. San Miguelito
Creek is estimated to be 9 miles long, and the watershed area is approximately 11.6 square
miles. The lower reach of San Miguelito Creek near Lompoc is low gradient. The stream
gradient in the upper reaches is relatively high. Figure 2-10 provides a summary of San
Miguelito Creek habitat quality and fish utilization attributes. The lower 2 miles of San Miguelito
Creek is a concrete box culvert with several drop structures. This impedes fish passage at low
flows due to shallow depth and at high flows due to high velocities. The culvert empties into the
Santa Ynez River near V Street in Lompoc. The creek above this culvert has a narrow channel
with well-developed riparian corridor and adequate spawning habitat. Other passage barriers
exist, such as a bridge with a 30-foot concrete apron downstream that slopes to a 9-foot drop
where the creek has downcut below the concrete.
2.3.7.2 Fish Use
Passage from the Santa Ynez River is completely blocked by the concrete culvert, drop
structures and other barriers, such as a bridge with a long concrete apron that is raised 4 feet
above the downcut channel. Resident rainbow trout spawn and rear in the upper creek.
Young-of-the-year rainbow trout and adults were relatively abundant near San Miguelito Park
(about 3 miles upstream of Lompoc) in 1996 surveys (SYRTAC 1997). Spawning surveys
began in 1997 and found 49 redds. In 1998, one redd was observed, while 35 redds were
observed in 1999. Although upstream passage by steelhead from the ocean is currently
impossible, a fish moving downstream was captured in April 1997. Downstream migrating fish
captured did not exhibit smolting characteristics. Migrant trapping in 1998 and 1999 yielded
only one downstream migrant in 1999.
2.3.7.3 Water Quality
Water temperature has been monitored since 1997. Water temperature conditions appear to
be good through the summer, due to good canopy coverage and proximity to the ocean.
Perennial flow persists in the stream near the county park.
2.3.7.4 Enhancement Potential
Providing access to the upper creek is the primary enhancement necessary. However,
modification of the flood control channel would require considerable work (the feasibility of
such an undertaking has not been investigated). Since passage through or around the flood
control channel on lower San Miguelito Creek cannot be successfully completed without
substantial modifications (i.e., channel removal), the enhancement actions were ranked for lower
priority (Ranking No. 6). Although the habitat and fish utilization upstream of these barriers is
relatively good, the probability of providing adequate passage upstream is low.
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QUICK FACTS
San Miguelito Creek
Present to Common (Based on bank observations. No sampling

Number of O. mykiss Observed (1995-1999)

conducted in 1995-1999; trapping in 1997 and 1999 yielded 4 D/S migrants.)

Estimated Watershed Area

11.6 sq. mi.

Estimated Stream Length

9 miles

Estimated Stream Gradient

MODERATE (Lower-0.9%, Middle-1.9%, Upper-4.9%)

Estimated Canopy

GOOD (above lower 3 mi.-concrete flood control channel)

Total Distance Habitat Typed (ft)

0 (not habitat typed)

Summary of Habitat Attributes
San Miguelito Creek

- Upper portion of San Miguelito Ck. may have been stocked by CDFG in the past.
- Lower 2 miles from the confluence is concrete box culvert with several drop structures and considered impassable
- Above the culvert there are additional passage barriers and drop structures.
- Resident rainbow trout spawn and rear in the upper creek and have been observed to be relatively abundant.
- Spawning and rearing habitat is fair to good above the passage barriers.
- Estimated that 70% is run habitat with good canopy and instream shelter complexity.

SAN MIGUELITO CREEK
PERCENT HABITAT TYPE
(linear feet)

Temperature Data
Year
1997
1998
1999

Ave. Daily
Mean
16.0
15.1
15.1

Days Exceed
o
20 C
57
0
2

Daily
Max.
25.6
21.5
28.2

Days Exceed
o
25 C
12
0
1

Monitoring conducted in 1997 (March-July, & December), 1998 (MarchJuly, & September to November) and 1999 (April to November).

Figure 2-10

Summary of San Miguelito Creek Habitat Attributes
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2.4 SUMMARY
The available data from studies of accessible tributary reaches were used to estimate potential
spawning and rearing habitat for rainbow trout/steelhead in the lower basin (Figures 2-11 and
2-12). Habitat quality can vary annually depending on rainfall. In wet years, habitat quality is
improved and good conditions persist further down the tributaries and close to the mainstem. It
is worth noting that these assessments are based on studies conducted during a relatively wet
period for the Santa Ynez River.
Good spawning habitat for rainbow trout/steelhead can be found in Hilton Creek and mid-toupper Quiota Creek (Figure 2-11). Spawning habitat in Salsipuedes and El Jaro creeks is
moderate, due to the presence of fine sediments and sands in the stream, with some areas of
good habitat. Good habitat exists above passage impediments in San Miguelito and upper
Alisal creeks. Stream reaches where young-of-the-year have been observed suggests that
spawning habitat exists in those areas.
Successful over-summering of juvenile rainbow trout/steelhead has been observed in lower
Hilton Creek, Quiota Creek, Alisal Creek, Salsipuedes Creek (upper and lower), El Jaro
Creek, and San Miguelito Creek. Good quality summer rearing habitat can be found in upper
Salsipuedes, upper Quiota, and lower Hilton creeks when flow is present (Figure 2-12). Fair to
good habitat exists above passage impediments in San Miguelito and upper Alisal creeks. Fair
conditions are found on lower Salsipuedes, El Jaro, and the mainstem (Refugio and Alisal
reaches). Poor conditions exist on the lower reaches of most creeks (within about 1 to 2 miles
of the confluence with the mainstem). While Nojoqui Creek appears to have some good habitat
elements, the lack of fish suggests otherwise.
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Spawning Habitat and Passage Barriers
Spawning Habitat
Potential Spawning Habitat
Passage Barriers or Impediments

SANTA
YNEZ

Figure 2-11

Potential Spawning Habitat for Rainbow Trout/Steelhead in the Lower Santa Ynez River
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Figure 2-12

Potential Summer Rearing Habitat for Rainbow Trout/Steelhead in the Lower Santa Ynez River
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3.0
TRIBUTARY ENHANCEMENTS

The stated objectives of the Tributaries Work Group are to protect good quality habitat and
enhance fish passage at identified impediments. Habitat protection and stream habitat
enhancement can be achieved through the implementation of land and habitat conservation
measures. Where structures impede or prevent fish migration, modifications will enhance
passage and provide greater opportunities for upstream migrating steelhead to reach their
spawning grounds. Conservation measures and impediment modifications are described in
greater detail in the sections that follow.
3.1 HABITAT CONSERVATION M EASURES
3.1.1 OBJECTIVE
The objective is to protect existing good habitat and improve habitat through enhancement
actions to benefit rainbow trout/steelhead. Since much of the tributary habitat is on private
lands, establishment of conservation agreements or voluntary joint actions with landowners will
be needed.
3.1.2 PROJECT DESCRIPTION
In the tributaries on the south side of the watershed, habitat quality can range from good quality
in upper reaches (i.e., perennial flow, good canopy cover, suitable water quality) to poor just
above the confluence with the mainstem Santa Ynez River (i.e., intermittent or no flow in
summer and little canopy cover). Conservation measures directed at tributary habitat will focus
on protecting habitat that is already in good condition and enhancing habitat that is in fair
condition. Efforts will not be expended on poor quality habitat where conditions cannot be
feasibly improved.
All tributaries in the lower basin, except lower Hilton Creek, are on private property.
Therefore, voluntary participation by the landowner is necessary to implement protection and
enhancement measures along these streams. Conservation actions can take one of several
approaches, including (1) creation of a conservation management plan through the Natural
Resources Conservation Service (NRCS), the USFWS or other agencies, (2) creating a
partnership with the Adaptive Management Committee to conduct restoration activities, and/or
(3) the acquisition of conservation easements or leases. With the conservation easement/lease
approach, the Adaptive Management Committee will obtain the easements/leases from
landowners to protect property and to implement and monitor appropriate enhancement
actions. Priority areas for seeking conservation easements and/or leases will be identified
according to the persistence of flows, suitability of habitat (or potential for enhancement), and
absence of downstream passage impediments.
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This section outlines the conservation management and conservation easement process and
describes potential enhancement activities. We also assess the environmental impacts expected
for steelhead and other sensitive and protected species.
3.1.2.1 Conservation Management Practices and Landowner Education
Stream enhancement measures can be complemented by habitat protection through
conservation practices and educating landowners about “fish friendly” land management
practices.
The U.S. Department of Agriculture NRCS has a fifty year history of working in the Santa Ynez
watershed and assisting private landowners in applying conservation practices. The service
offers consulting to landowners on conservation management practices and has a variety of
voluntary cost-share programs to help offset the cost of implementing conservation management
plans. Many of these practices would equally benefit land management, stream protection and
enhancement for fish habitat. Examples include:
•

erosion control

•

riparian forest buffers

•

appropriate fencing

•

streambank protection

•

fish stream improvement

•

stream channel stabilization

•

fish pond management

•

vegetative buffer strips

Such actions are initiated by the landowner and are addressed directly to the NRCS office in
Santa Maria.
The USFWS also administers several grant programs, including the Partners for Fish &
Wildlife program, which are designed to benefit landowners while protecting sensitive habitat.
As with the NRCS programs, interested landowners apply directly to USFWS for grant
information and assistance.
NMFS and USFWS can enter ‘Safe Harbor’ agreements with private landowners. The
agreements benefit endangered and threatened species while giving the landowners assurances
from additional, future restrictions based on the landowner’s conservation actions. Interested
landowners would apply to NMFS, for steelhead, and to USFWS for other listed plants and
wildlife.
In addition to the services offered by federal agencies, the SYRTAC proposes offering literature
and a series of public workshops designed to provide the public with an understanding of the
importance of improving habitat conditions and steelhead use in the lower Santa Ynez River.
These efforts will demonstrate ways in which the protection of fish habitat can be mutually
beneficial to the landowner as well as to critical fish habitat. We will also solicit voluntary
participation from private landowners and the public in restoration and protection activities.
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Public outreach and education is discussed in greater detail in the main section of the Fish
Management Plan.
3.1.2.2 Conservation Easements and Leases
Results of fisheries investigations performed by the SYRTAC (1997, 1998, 2000) have shown
that habitat conditions are suitable for steelhead spawning and/or rearing within a number of
tributaries in the lower watershed. Habitat conditions within these tributaries, however, could
be enhanced and improved for steelhead. Although, because these tributaries are in private
ownership, steps must be taken to gain access to these lands in order to implement
enhancement measures. Conservation easements and leases allow for protection of habitat and
may grant access for additional enhancement activities while providing benefits to landowners.
Habitat protection will focus on obtaining conservation easements or long-term leases from
private landowners along tributary corridors. A conservation easement is a legal agreement
between a landowner and a non-profit group or government agency, such as the Santa Barbara
Land Trust or the Cachuma Operation and Maintenance Board (COMB). Conservation
easements entail purchasing the rights to manage a strip of property along streams from the
property owner. The owner retains ownership of the property, but is paid for loss of use. In
many cases, the owner can realize tax and estate planning benefits from the easement. In
exchange, the Adaptive Management Committee would be able to implement fish conservation
measures within the easement. Conservation leases are similar to the easements, however, a
lease is acquired for a specific time period. For the purpose of this program, only long-term
(10- to 20-year) leases will be considered for habitat enhancement protection and projects.
Hereafter, the description of conservation easements also applies to the lease agreements.
Conservation easements can be effective at fostering habitat improvement both where land use
is negatively affecting riparian and aquatic habitat and/or where the stream characteristics
provide opportunities for enhancement. Conservation easements can foster natural recovery of
habitat over time, as well as enhance the success of active intervention through other actions,
such as planting riparian vegetation.
The Adaptive Management Committee will work with landowners to develop erosion control
measures and/or land use practices that protect steelhead and their habitat without adversely
affecting the operation of the landowners’ property. Such practices may include livestock
management, creation of catchment ponds to settle fine sediments and other materials from
runoff waters before they enter the stream, streambank protection, vegetative buffer strips, and
upland erosion control measures.
The general process for establishing conservation easements starts with discussions between the
landowner and COMB (Figure 3-1). Potential actions and evaluation of benefits, such as
collecting information to evaluate the stream as steelhead habitat, and assessing opportunities to
improve habitat, will be discussed with the landowner. An independent appraiser familiar with
assessing property values for conservation easements
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CONSERVATION EASEMENT PROCESS
Initial Discussions
Landowner indicates interest in investigating conservation
easements and discusses the process with COMB representative

Identify Potential
Evaluate potential of landowner's stream as steelhead
habitat and collect information on land use in those areas

Recommened Action
Identify opportunities and actions for habitat enhancement
and discuss with landowner

Meeting with Landowner
Discuss the proposed actions with landowner and determine
whether a conservation easement would meet mutual
objectives (e.g. ranching operations and habitat protection).
Discuss terms of an easement.

Appraisal
Appraisal by an independent appraiser familiar with
local property values and conservation easements

Negotiation
Confidential negotiations between landowner and COMB
to determine terms and conditions of contract for
sale or lease of the conservation easement.

Implementation of Conservation Easement
Conservation easement is transferred to
an approved land trust organization.
Implementation of Habitat Enhancement
Implement habitat enhancement actions identified in
the action plan and approved by landowner

Monitoring
Periodic inspection of the conservation easement
to evaluate effectiveness of actions and compliance.

Figure 3-1

Conservation Easement Process
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will do an appraisal. The landowner and COMB determine the terms and conditions for sale or
lease of the conservation easement. After the easement is established, the Adaptive
Management Committee would then implement the habitat enhancement actions identified and
monitor improvements to appropriately manage the conservation easement. Each step in this
process is completely voluntary, and the landowner reserves the right to bow out at any point up
to the purchase of the easement.
In addition to protecting and improving habitat for endangered steelhead, the conservation
easements and associated habitat enhancement measures will also benefit other protected
species. The California red-legged frog is known to inhabit Salsipuedes Creek. This species
occurs in the stream corridor and prefers dense riparian vegetation. The conservation
easements will therefore also protect and enhance frog habitat. Other fish inhabiting the
protected and enhanced reaches will likewise benefit from these actions.
Several landowners have approached the SYRTAC in regards to establishing conservation
easements. The public education and outreach program will complement this action by
educating landowners about “fish friendly” land management practices and encouraging others
to participate in conservation easements.
3.1.2.3 Physical Enhancement Measures
3.1.2.3.1 Structural Modification of Instream Habitat
Habitat improvements would include structural modifications to instream habitat such as the
creation of additional pool and riffle areas and augmentation of spawning gravel. Boulders and
large woody debris would be used to create additional habitat features within selected reaches
of the mainstem and the tributaries. Access to private lands and the results of field fisheries
surveys and habitat typing, in combination with results of water temperature monitoring, will be
used as a basis for identifying specific locations for habitat protection and improvement.
3.1.2.3.2 Addition of Instream Structures
Physical modifications of the channel through the addition of instream structures would be used
to create more over-summering pool habitat. Habitat complexity has been positively correlated
with fish density. Methods for physical enhancement include: (1) improving the quality of pools
by increasing cover and complexity, and (2) increasing the amount of pool habitat by increasing
depths in existing pools or scouring new pools.
The first step of a pool enhancement program would be to identify areas where opportunities
exist for enhancement measures to be successfully implemented. Surveys would be conducted
of existing permanent pools to determine their habitat characteristics, as well as to identify
additional areas where pools could be created that would likely persist. Site selection would
take into account accessibility, channel hydraulics, geomorphology (e.g., bankfull width, depth,
gradient, sinuosity, sediment load, and substrate size), streamflow regime, and availability of
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structural materials. Sites with relatively stable streambed, stable banks, and woody riparian
vegetation will afford the greatest opportunities, while sites with steep streambanks, noncohesive sandy soils, little riparian vegetation, and high stream gradients present greater
challenges to the successful use of instream structures.
Once suitable sites have been identified, a conceptual enhancement plan can be developed. A
feasibility analysis would be performed to evaluate factors such as continued site accessibility,
structural stability, cost, and longevity prior to developing final engineering plans for the
proposed enhancements. Although the instream habitat improvements will be designed to
withstand damage due to flood flows to the maximum extent practicable, periodic maintenance
will be required to correct problems such as unsuitable scouring of cover structures or infilling of
pools with excess sediment.
Overhanging riparian vegetation, undercut banks, exposed root wads or logs may naturally form
cover elements in pools. Structures typically added to pools to enhance cover include logs, root
wads, boulders and cobbles. These structures would need to be secured to stable locations to
prevent washout. Boulders and cobbles can be placed into pools to create interstitial spaces
that provide cover. Consideration should be given to using boulders and cobbles that are large
enough to minimize entrainment and transport during high flows. This may require somewhat
larger bed materials than those that are currently found in the river.
Installing instream structures to increase scour, direct excavation, and/or manipulating channel
geomorphology, can also increase pool depth. Instream structures such as log and boulder
weirs, deflectors, and/or digger logs would be used to constrict the channel, increase flow
velocities, and thereby scour pools. The objective is to promote self-maintaining pools and to
create backwater conditions during periods of low flow.
In some areas, spawning habitat may be enhanced or increased through addition of suitable
gravel to the stream.
3.1.2.3.3 Riparian Enhancement
Riparian zones perform a number of vital functions that affect the quality of aquatic habitats, as
well as provide habitat for terrestrial plants and animals (Spence et al., 1996). Fallen leaves
and branches are an important source of food for aquatic macroinvertebrates and nutrients for
aquatic vegetation, while fallen terrestrial insects are valuable prey for fish. The roots of riparian
vegetation maintain bank structure and provide cover via undercut banks. Overhanging
branches also provide cover. The riparian canopy can reduce water temperatures by shading
the stream. Large woody debris that falls into the stream further increases cover and creates
areas of scour that increase water depth. Riparian vegetation can also reduce water velocities
and create refuge areas of relatively low velocity during storm flows.
Propagation of native riparian vegetation can improve stream habitat through the mechanisms
described. The Plan will enhance and restore riparian vegetation at specific pools along the

C-3-6

October 2, 2000

Santa Ynez River and tributaries. This type of restoration effort is relatively inexpensive and
easy to perform, as long as permission can be obtained from landowners to access these areas
to plant vegetation or conduct other enhancement activities and to protect new plants. Planting
or enhancement of riparian vegetation would be useful at sites where the canopy cover is low
and the stream channel is not too wide. Where possible, deep-rooted vegetation such as
sycamore or cottonwood would be preferable to shallow-rooted vegetation such as willow.
The species of vegetation selected for propagation can have a measurable effect on streamflow.
The enhancement or expansion of streamside vegetation will likely increase water loss due to
transpiration within the stream corridor, although this would be balanced by decreases in
evaporation due to improved shading.
3.2 PASSAGE IMPEDIMENT/BARRIER M ODIFICATION
3.2.1 OBJECTIVE
Under current conditions, man-made and natural structures may impede or prevent steelhead
movements in the tributaries of the lower Santa Ynez River, especially under low and moderate
streamflows. Since habitat availability may be a primary factor limiting the steelhead in the
watershed, it is imperative to improve access to existing aquatic habitat by modifying or
removing impediments. These efforts will serve to expand the available habitat for spawning
and rearing steelhead, thereby expanding the carrying capacity of the lower river system.
3.2.2 DESCRIPTION OF PHYSICAL ENVIRONMENT
Habitat surveys conducted by the SYRTAC and others have documented passage impediments
on several tributaries (Table 3-1). The tributaries of primary interest are Salsipuedes-El Jaro,
Hilton, and Quiota. These creeks have perennial flow, at least in their upper reaches, and can
support spawning and rearing. Passage enhancement measures for the cascade and bedrock
chute in Hilton Creek and the Highway 154 Culvert are described in Appendix D.
Impediments on the other tributaries are man-made structures such as road crossings, bridges,
and culverts. Passage impediments on San Miguelito Creek include concrete channels, aprons
and walls. Mitigating such impediments would entail significant engineering effort. Studies of the
creek upstream of these impediments indicate that the habitat supports rainbow trout/steelhead
and that spawning occurs in these areas.
3.2.3 PROJECT DESCRIPTION
Access to habitat within Salsipuedes and El Jaro creeks by anadromous steelhead is limited by
two low-flow passage impediments, associated with bridges or road crossings (S. Engblom,
pers. comm., 1999). These impediments were thought to impede the passage of both adult and
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Table 3-1
Creek
Hilton
Quiota
Nojoqui
Alisal
Salsipuedes
El Jaro

Passage Impediments on Tributaries
Location of Impediment
1,380 Feet above Santa Ynez River
Below Highway 154
1.3 to 1.6 Miles above Santa Ynez
River and beyond
3.5 Miles upstream of Santa Ynez
River
2-3 Miles upstream of the Santa Ynez
River
3.6 Miles above Santa Ynez River
1/3 Mile above Salsipuedes
confluence
Lower 3 miles
3 Miles upstream of Santa Ynez River

San Miguelito

4 Miles upstream of Santa Ynez River
5 Miles upstream of Santa Ynez River

Structure
Cascade and bedrock
chute
Concrete culvert
9 Road crossings

Type of Impediment
High-flow passage
impediment
Velocity impediment
Low-flow and high-flow
passage impediments

Jurisdiction
USBR
CalTrans
Santa Barbara County
Road Department

Culvert

May be an impediment

CalTrans

Dam and reservoir

Physical barrier

Private Landowner

Bridge crossing on
Highway 1

Low-flow passage
impediment
Low-flow passage
impediment
Physical impediment

Road crossing
Concrete channel
Debris basin with 12 foot
high concrete wall
Small concrete ford with
4.5 foot drop
Concrete apron 19 feet
high with a 9 foot vertical
drop
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CalTrans
Abandoned private road
County Flood Control

Physical barrier

Unknown

Physical impediment

Unknown

Physical barrier

Unknown

October 2, 2000

juvenile fish primarily during periods of low flow. The Highway 1 Bridge #51-95 on lower
Salsipuedes Creek is located about 3.6 miles upstream from the Santa Ynez River. This bridge
has a 3 to 4 foot drop from the concrete apron into a pool downstream of the bridge. Pool
depth may be insufficient to allow fish to negotiate the apron. This region is frequented by
poachers who can observe fish from the adjacent bridge. The SYRTAC has created
preliminary designs to provide low-flow passage over the concrete apron and implementation is
anticipated in the summer of 2001.
Road crossings, such as those in Quiota and El Jaro creeks, can also be an impediment to fish
movement. El Jaro Creek has a road crossing and concrete apron about 1/3 mile upstream of
the confluence with Salsipuedes Creek. It is an old ford on a private, unused road, with a 3foot drop below. Refugio Road crosses Quiota Creek many times beginning approximately 1.3
miles upstream from the mainstem Santa Ynez. All nine crossings are shallow-water Arizona
crossings, with concrete beds and, at several sites, a 2- to 3- foot drop downstream of the
concrete apron. The County of Santa Barbara maintains Refugio Road.
Arizona crossings are typically concrete aprons placed across the streambed to permit vehicles
to drive through the stream on a firm surface during periods of low or no streamflow, and permit
debris and sediment to pass downstream during periods of high streamflow. Generally, these
crossings require little maintenance to provide access across the stream. However, they often
flatten the local stream gradient upstream, gradually developing a broad shallow channel (filled in
by sediment). Downstream, an incised channel often develops (scoured by high velocity flows).
Upstream migrants have difficulty swimming across the Arizona crossing due to shallow depth,
or in some instances, the amount of downstream incision requires fish to jump onto the crossing.
Migration impediments associated with Arizona road crossings can be eliminated by either
replacing the crossing with a small bridge or by constructing jump pools in the downstream
reach. To provide low-flow passage, these road crossings can often be notched to create a
low-flow channel. In addition, relatively inexpensive bridges can be made from retrofitted
railroad flat cars and pre-fabricated modular bridges. In some locations large boulders can be
used downstream of the crossing to construct weirs that form backwater pools which typically
only hold water during periods of high streamflow. Steelhead migrating during periods of
moderate to high streamflow can jump and swim between the backwater pools until they reach
the crossing and swim across it. Modifying the depth of flow across these crossings would
reduce their utility for vehicular use at some flow levels, making travel inconvenient. The County
of Santa Barbara Public Works Department and the Adaptive Management Committee will
team together to develop more fish-friendly crossings, as the County makes plans to repair
several of these crossings.
Surveys of other potential passage impediments and barriers will be conducted to determine the
benefits and feasibility of modifying them to enhance fish passage. For example, there is a
culvert on Nojoqui Creek that may be an impediment about 3.5 miles upstream of the Santa
Ynez River, but further assessment is required (S. Engblom, pers. comm., 1999). Box culverts
under state and county roads can impede migration. The concrete bottom of the box culvert
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forms a broad, shallow impediment during low flow and often acts to form an impediment
downstream of the grade control because of a drop in the streambed elevation. Downstream,
boulder weirs can often provide adequate backwater during high streamflows to drown the
culvert outfall and provide passage. If site conditions prevent use of backwater weirs, then
installing wooden or concrete baffles or large rocks (“roughness elements”) in the culvert can
slow down the water flow through the culvert, creating a deeper flow and allowing easier fish
migration. It is also possible that the culvert could be replaced with a bridge or arch culvert.
Preliminary engineering designs are in development for the low to moderate flow fish passage
facilities in consultation with the bioengineering staffs of the NMFS and CDFG. The preliminary
engineering designs for fish passage facilities will be used as a basis for estimating costs for final
design and construction, the range of flow conditions for which the passage facilities would
provide benefit, identification of permitting requirements and preparation of environmental
documentation, and requirements for access to private lands for the construction of fish passage
facilities.
The proposed projects will enhance passage at several fish passage impediments and barriers
on principal tributaries throughout the lower watershed including Hilton, Quiota, Nojoqui,
Salsipuedes, and El Jaro creeks. Passage impediment modification will provide or improve
access to about 160,000 linear feet of existing tributary habitat, thus dramatically increasing the
availability of spawning and rearing habitat. Construction activities associated with modifying
these impediments will have temporary, negative impacts on steelhead and other fish and wildlife
in the project area. Steps will be taken to minimize impacts on steelhead as discussed in the
Cachuma Project Biological Opinion (NMFS 2000) and summarized in Section 4
(Implementation). These actions should also minimize the impact on other fish species. Actions
to reduce impacts to other sensitive species, such as red-legged frogs and western pond turtles,
will be identified through discussions with USFWS and CDFG.
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4.0
FUNDING AND IMPLEMENTATION

4.1 FUNDING
Reclamation and the Member Units are proposing to fund the conservation actions from the
Cachuma Project Contract Renewal Fund and the Warren Act Trust Fund. These funds are
presently administered by COMB and are overseen by the Trust and Renewal Fund Committee
and the Advisory Committee. These funds were established in 1996 during the contract
renewal process to provide money for enhancement and watershed improvements, and come
from an assessment on water taken from the Project ($10 per AF) and on use of the reservoir
for delivery of State Water ($43 per AF), providing $257,000 to $500,000 per year. The
Santa Barbara County Water Agency is also required under a contract with the Member Units
to provide $100,000 annually for projects that may include conservation-type activities related
to the Cachuma Project. Allocation of these funds for specific projects requires consensus by
the County and Member Units, subject to public input. In the future, approximately $300,000
per year will continue to be dedicated to rainbow trout/steelhead restoration.
In addition to these funds, Reclamation and the local water agencies are seeking funds from
other sources, such as the State’s Watershed Restoration and Protection Council, the CDFG's
Fishery Restoration Program, the Pacific Coastal Salmonid Conservation and Recovery
Initiative, the National Fish and Wildlife Foundation, the SWRCB Non-point Source Program
and other sources to supplement funds available from local sources. The Member Units have
been successful in obtaining outside funding for enhancement projects. Table 3-2 summarizes
the outside funding for the tributary enhancement projects approved to date. In addition to
seeking grant funds, the Member Units are working with CalTrans and the Santa Barbara
County Roads Department to develop partnerships for implementation of the Highway 154
Culvert and Quiota Creek fish passage projects.
4.2 IMPLEMENTATION
Coordination and administration of Plan activities will be performed by the Adaptive
Management Committee in conjunction with federal and state agencies. Project designs will be
reviewed by NMFS, CDFG, and USFWS prior to implementation (NMFS must approve the
project, NMFS 2000). Currently it is estimated that the tributary enhancement measures can
be completed by 2005. Should implementation take longer, then Reclamation will need to
reinitiate consultation with NMFS and provide them with (1) an explanation for the delay, (2)
the steps that will be taken to implement the project(s), and (3) a new anticipated completion
date (NMFS 2000).
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Table 4-1

Outside Funding Approved for Tributary Enhancement Measures

Project

Grant Program

Funding
Award

Hilton Creek Cascade/Chute Fish
Passage Project

CDFG’s Fishery Restoration Grants
Program

$50,300

National Fish and Wildlife Foundation

$147,000

Proposition 12 (Parks Bond)

$230,000

SWRCB Non-Point Source Program

$48,500

Proposition 12 (Parks Bond)

$48,500

Environmental Enhancement and
Mitigation Program

$20,885

Pacific Coastal Salmonid Conservation
and Recovery Program

$25,000

Proposition 12 (Parks Bond)

$234,000

Hilton Creek Pump and Flexible
Intake

El Jaro Creek Demonstration
Projects (bank stabilization/
workshops)

Salsipuedes Creek Fish Passage
at the Highway 1 Bridge

Conservation Easements on El
Jaro Creek
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To minimize impacts to rainbow trout/steelhead and other species during the construction phase
of many of the tributary enhancement projects, NMFS has established a number of best
management practices. These practices will be incorporated into the project description of each
individual construction project and are presented below. The practices are taken verbatim from
the Biological Opinion (NMFS 2000, Term and Condition #8):
•

Reclamation, or it’s designated agent (here after referred to as Reclamation), shall
isolate work spaces from flowing water for the purpose of avoiding heavy equipment in
flowing water, sedimentation, turbidity, and direct effects to steelhead. Prior to work,
sandbag cofferdams, straw bales, culverts, or visqueen (here after referred to as
diversion) shall be installed to divert streamflow away or around the workspace. The
diversion shall remain in place during the work, then removed immediately after work is
completed.

•

As a result of isolating the workspace from flowing water, Reclamation shall ensure and
maintain a corridor for unimpeded passage of steelhead during work activities.

•

When practical, Reclamation shall use existing ingress or egress points, or perform work
from the top of creek banks, for the purpose of avoiding work and heavy equipment in
flowing water and disturbing instream habitat.

•

Reclamation shall photograph the work space during and immediately before and after
work activities are completed for the purpose of developing a reference library of
instream and riparian habitat conditions.

•

Excavation of a channel for the purpose of isolating the work space from flowing water
is prohibited.

•

Reclamation shall minimize disturbance of riparian and upland vegetation. Using only
native plant species, Reclamation shall replace vegetation affected by the work and
ensure a revegetation success ratio of no less than 2:1.

•

Reclamation shall revegetate soil exposed as a result of work activities using seed
casting, hydroseeding, or live planting methods, no later than 30 days after the work has
been completed. Only native plant species shall be used for revegetation.

•

Reclamation shall inspect the revegetated area during spring and fall for two years for
the purposes of qualitatively assessing growth of the plantings or seedlings and the
presence of exposed soil. Reclamation shall note the presence of native and non-native
vegetation and extent (percent area) of exposed soil, and photograph the revegetated
area during each inspection.

•

Reclamation shall prepare and implement a NMFS approved plan for restoring instream
habitat and streambed within the areas affected by work activities to pre-work
conditions and characteristics unless the intent of the work was to positively affect these
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areas by improving habitat conditions such as by fixing passage impediments and
barriers or placing cover in pools. For example, if an access route cut into a stream
bank for heavy equipment cannot be avoided by the use of existing ingress, then the
bank must be returned to its pre-work condition when work is completed.
•

Reclamation shall retain or designate a fisheries biologist with expertise in areas of
resident or anadromous salmonid biology and ecology, fish/habitat relationships,
biological monitoring, and handling, collecting, and relocating salmonid species. On a
daily basis Reclamation’s fisheries biologist shall monitor work activities, instream
habitat, and performance of sediment control/detention devices for the purpose of
identifying and reconciling any condition that could adversely affect steelhead or their
habitat. The fisheries biologist shall be empowered to halt work activity and to
recommend measures for avoiding adverse effects to steelhead and their habitat.
Reclamation’s biologist shall ensure a corridor for unimpeded passage of steelhead
during the work.

•

Reclamation’s fisheries biologist shall continuously monitor the placement and removal
of any diversion needed to isolate work spaces from flowing water for the purpose of
removing any steelhead that would be adversely affected. The fisheries biologist shall
capture steelhead stranded in residual wetted areas as a result of streamflow diversion
and workspace dewatering, and relocate the steelhead to a suitable location
immediately upstream or downstream of the work area. The fisheries biologist shall
note the number of steelhead observed in the affected area, the number of steelhead
relocated, and the date and time of collection and relocation. One or more of the
following NMFS approved methods shall be used to capture steelhead: dip net, seine,
throw net, minnow trap, hand. Electrofishing is prohibited from use unless prior
separate written consent is obtained from NMFS.

•

Reclamation’s fisheries biologist shall contact NMFS fisheries biologist Darren
Brumback (562-980-4026) immediately if one or more steelhead are found dead or
injured. If Darren Brumback is unavailable Reclamation shall immediately contact
NMFS Protected Resources Division at 562-980-4020. If no one at Protected
Resources is available, Reclamation shall immediately contact NMFS’s Office of Law
Enforcement at 562-980-4050. The purpose of the contact shall be to review the
activities resulting in take and to determine if additional protective measures are
required. Reclamation will need to supply the following information initially: The
location of the carcass or injured specimen, and apparent or known cause of injury or
death, and any information available regarding when the injury or death likely occurred.

•

Erosion control and sediment detention devices shall be incorporated into Reclamation’s
work activities and implemented immediately before commencing work. These devices
shall be in place during construction activities, and after if necessary, for the purposes of
minimizing fine sediment (sand and smaller particles) and sediment water/slurry input to
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flowing water, and of detaining sediment laden water on site. The devices shall be
placed at all locations where the likelihood of sediment input exists.
•

Placement of any soil/sediment berm for isolating any workspace from flowing water is
prohibited.

•

When dewatering any area, either a pump shall remove water to an upland disposal site,
or a filtering system shall be used to collect and then return clear water to the creek for
the purpose of avoiding input of sediment/water slurry to flowing water. The pump
intake shall be fitted with a device to exclude all life stages of steelhead.

•

Reclamation shall provide a written monitoring report to NMFS within 30 working days
following completion of any work activity. The report shall include the number of
steelhead killed or injured during the work activity and biological monitoring; the number
and size of steelhead removed; and photographs taken before, during, and after work
activity.

•

Reclamation shall provide a written report to NMFS describing the results of the
revegetation task within 30 working days following completion of revegetation. The
report shall include a description of the locations planted or seeded, the area (m2)
revegetated, a plant palette, planting or seeding methods, proposed methods to monitor
and maintain the revegetated area, performance or success criteria, and pre- and postplanting color photographs of the revegetated area.

•

Reclamation shall provide a written report to NMFS describing the results of the
vegetation monitoring within 30 working days following completion of each fall
inspection. The report shall include the color photographs taken of the work area
during each inspection and before and after implementation of the work activities, and
estimated percent of exposed soil remaining within each area affected by the work.
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1.0
INTRODUCTION

Hilton Creek provides the uppermost spawning habitat available to anadromous fish in the lower
Santa Ynez basin. Although the habitat conditions in the creek appear to be conducive for
steelhead spawning and rearing, fish productivity in Hilton Creek appears to be limited by
intermittent flows and impediments to fish migration. Accordingly, it appears that Hilton Creek
could support a much greater population of rainbow trout/steelhead. The objective of the
actions proposed in this report is to enhance steelhead utilization of the creek by modifying
impediments to upstream migration and improving spawning and rearing habitat. The proposed
actions at Hilton Creek are consistent with the Santa Ynez River Technical Advisory
Committee’s (SYRTAC) habitat enhancement objectives in the tributaries of the Santa Ynez
River.
In the following sections, information related to Hilton Creek characteristics is provided (Section
2), the proposed enhancement measures are discussed (Section 3) and the impacts of the
enhancement measures are evaluated (Section 4). Implementation and management of the
actions recommended in this appendix will be coordinated by the Adaptive Management
Committee (see Section 5.7 of the Plan).
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2.0
HILTON CREEK CHARACTERISTICS

A description of Hilton Creek including location, habitat, water quality, and steelhead utilization
is presented below. The information is based on data collected by the SYRTAC and anecdotal
observations from long-time residents of the area. Please refer to Appendix C - Tributaries of
the Santa Ynez River Basin below Bradbury Dam, for more detail on Hilton Creek habitat
characteristics and fish utilization.
2.1 GENERAL LOCATION AND DESCRIPTION
Hilton Creek is a small tributary located immediately downstream of Bradbury Dam. The creek
has intermittent or no flow in its lower reaches (north of the Highway 154 Crossing) during the
dry season. The estimated watershed is approximately 4 square miles, and approximately
2,980 feet of the creek is situated on U.S. Bureau of Reclamation (Reclamation) property,
including the confluence with the Santa Ynez River. The lower reach of Hilton Creek is high
gradient and well confined. The stream is shaded by riparian vegetation and the banks of the
incised channel.
A cascade and bedrock chute, located approximately 1,380 feet upstream from the confluence
with the river, are passage impediments for migrating steelhead. The cascade is approximately
6 feet high. A shallow pool (the “chute pool”) is at the base of the cascade. The bedrock
chute immediately above it is about 140 feet long. Passage can be difficult here during high
velocity flows due to the lack of deeper water and resting sites.
Upstream migrating steelhead are further impeded by a passage barrier at the Highway 154
road crossing. A culvert is located here, about 4,200 feet upstream from the confluence and
about 1,200 upstream from the Reclamation property boundary. High water velocities during
storms, shallow water depth in the culvert during low flows, and a concrete apron drop
structure make this a complete passage barrier to migrating steelhead. Modification of the
Highway 154 Culvert would provide passage to several additional miles of upstream spawning
and rearing habitat.
2.2 HYDROLOGY
Hilton Creek is primarily dependent upon runoff from local and regional rainstorms, and the
flows within the creek are typically low and intermittent. However, during large storm events
and years with high cumulative rainfall such as 1995 and 1998, flow in the creek can be very
high, and the creek can transport a high bed load, suspended sediment, and debris. Based on
field observations, it appears as if much of the larger boulders and debris found in the creek
originate from stream bank failure both above and below the bedrock passage reach.
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2.3 HABITAT DESCRIPTION
Habitat surveys were conducted along the reach below the chute pool in 1995 and 1998, and
between the Reclamation property boundary (approximately 2,980 feet upstream of the
confluence) and the chute pool in 1998. No surveys have been conducted upstream of the
Reclamation property boundary since access is limited as this section is situated on private
property.
The results of the 1995 habitat survey classified the stream below the chute pool as 44% run,
27% riffle, 26% pool, and 3% cascade (SYRTAC 1997). Channel width averaged 9.3 feet,
and maximum pool depth averaged 3 feet; and most pools appeared to have suitable spawning
habitat at their tail end. The 1998 habitat survey classified the reach below the chute pool as
27% run, 58% riffle/cascade and 15% pool. The reduced pool and run habitat and increased
riffle habitat within this section between 1995 and 1998 is due to the high flows experienced
during the winter of 1998 which altered the lower portion of the channel and moved the
confluence of Hilton Creek with the Santa Ynez River further downstream.
Habitat surveys in 1998 between the Reclamation property boundary and the chute pool (1,553
feet total) documented 61% riffle/cascade, 34% run, and 5% pool (S. Engblom, pers. comm.,
1999). The 300-foot reach immediately above the bedrock chute was classified as consecutive
run/riffle habitat with little or no canopy cover. The habitat conditions above this open reach up
to the Highway 154 Culvert (about 2,400 feet total) and beyond were classified as good to
excellent with a mature riparian corridor and canopy.
2.4 WATER QUALITY
The results of previous surveys indicate that the water quality in Hilton Creek is suitable for
rainbow trout/steelhead. During these surveys, the water temperatures, dissolved oxygen
concentrations, and turbidity were within acceptable ranges for steelhead habitat.
Water temperatures are monitored in the lower reach (about 250 feet upstream of the
confluence) and the middle reach (in a pool downstream of the Spawning Pool, about 1,000
feet upstream of the confluence). In 1998, monitoring began at the Reclamation property
boundary (2,980 feet upstream of the confluence). Thermograph data, coupled with
observations throughout the year, indicate that water temperatures, while not preferred, are
generally suitable for steelhead rearing through the entire year. Summer water temperatures at
the chute pool (1,380 feet upstream of the confluence) are substantially lower than temperatures
measured further downstream. Water temperatures in the chute pool may be suitable through at
least August, although the pool would be physically isolated from other areas of potential habitat
during a portion of the year unless flows were supplemented. Seasonal patterns in surface flows
and the persistence of pools vary annually depending on precipitation and runoff within the
watershed. Dissolved oxygen concentrations are within the normal tolerances for rainbow
trout/steelhead when water is flowing in the creek (>5 mg/l). However, the pool water quality
can diminish to near anoxic conditions when flows become intermittent.
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Channel disturbance and water quality problems appear minimal. Hilton Creek clears rapidly
after storm events, usually within a few days after rains have ceased.
2.5 RAINBOW TROUT/STEELHEAD UTILIZATION
In general, steelhead are known to migrate to the uppermost accessible reaches in a river
seeking spawning habitat. Adults migrating up the Santa Ynez River are blocked by Bradbury
Dam and must find spawning habitat downstream of the dam. Hilton Creek currently provides
the most upstream spawning habitat available to anadromous fish in the lower Santa Ynez basin.
Hilton Creek is inhabited by rainbow trout/steelhead between the confluence with the mainstem
and the chute pool, and prickly sculpin to approximately 800 feet upstream of the mainstem.
Sculpin are not present in the upper portions of the creek, and introduced warmwater species,
such as bass, bullhead or sunfish, are not found in Hilton Creek.
Spawning is generally limited to a 400-foot section situated immediately below the chute pool.
No spawning or young-of-the-year have been observed between the cascade and the
Reclamation property boundary. However, anecdotal reports indicate that trout were
historically present in upper Hilton Creek above the Highway 154 Culvert. It is possible that
the 1955 Refugio fire, which burned 84,700 acres, decimated the trout population in the upper
reach.
Adult rainbow trout/steelhead have been documented migrating into Hilton Creek in all years
that observations have been made, but the numbers were low in years with low winter runoff.
Adults migrating into Hilton Creek are often large and could be anadromous steelhead from the
ocean (particularly in wet years) (SYRTAC 1997, 1998, 2000e), rainbow trout that escaped
from Lake Cachuma during spill events, or fish that are resident in the river, its tributaries, or the
lagoon.
Young steelhead remain in freshwater for a year or more and, therefore, young-of-the-year
cannot complete rearing in lower Hilton Creek under natural conditions because the stream goes
dry during the summer (SYRTAC 1997, 1998, 2000e). The fish are either stranded within the
creek or must enter the mainstem where they are exposed to predatory bass and catfish. Fish
rescue operations were conducted in 1995 and 1998 to move young-of-the-year from the
drying stream to better habitat. Many young-of-the-year and all adults were found near the pool
area just below the cascade. The remainder of the young-of-the-year were found in the lower
reach of the creek. Some young-of-the-year that were not captured in the 1998 fish rescue
operations did over-summer successfully in the Spawning Pool.
Hilton Creek provides the most upstream spawning habitat for steelhead in the lower Santa
Ynez River. SYRTAC studies have documented migration, spawning activity and successful
reproduction (SYRTAC 1996, 1997, 1998, 2000e). However, when flows become
intermittent, fry usually perish in isolated pools or move downstream into the mainstem of the
Santa Ynez River and are more vulnerable to predation.
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3.0
PROPOSED ENHANCEMENT M EASURES

The habitat within Hilton Creek has been classified as conducive to steelhead spawning and rearing,
but steelhead utilization is limited by intermittent flows and several passage impediments. The
measures discussed below were developed to enhance conditions in Hilton Creek and increase
steelhead utilization by improving access to spawning and rearing habitat. The actions are focused
on the lower reach of the creek, which is situated on Reclamation property, and include the
following:
•

augmenting streamflow in Hilton Creek through the use of a supplemental watering system
to release water for flow-related enhancement;

•

increasing rearing habitat by constructing a channel extension at the lower end of Hilton
Creek;

•

improving fish passage past migration impediments; and

•

enhancing habitat within the existing channel of Hilton Creek at selected locations.

In addition, fish rescue activities may be necessary in lower Hilton Creek during drought conditions.
A protocol for identifying when a rescue would occur and the methods to be employed is also
discussed.
3.1 SUPPLEMENTAL WATERING SYSTEM
As previously discussed, streamflow in Hilton Creek is intermittent, and the objective of the
supplemental water system is to provide a dependable year-round source of cool water to allow the
fish to survive the summer months until natural flow resumes in the winter. Construction of the
supplemental watering system was completed in the fall of 1999, and the system is presently being
used to support the current young-of-the-year. The details of the supplemental watering system are
provided below.
3.1.1 INFRASTRUCTURE
The system is comprised of a pipeline with two release locations in Hilton Creek and one release
location in the Stilling Basin (Figure 3-1). An energy dissipation/aeration structure has been
constructed at each release point in order to maintain dissolved oxygen concentrations near the
saturation point. Presently, water is delivered from Lake Cachuma to the release points via gravity
flow through a fixed intake along Bradbury Dam. The system was designed to have a total capacity
to 10 cubic-feet-per-section (cfs) with all three release points operating, and a capacity to deliver
8.85 cfs to Hilton Creek with the upper and lower release points operating. The existing
infrastructure (distribution pipeline) of the watering system is being repaired to increase the capacity
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of the system (currently below the anticipated level), and additional portions of the infrastructure (pump and
flexible intake) will be added in the next two years. These enhancements to the water delivery system,
which will enable the system to deliver water via gravity feed or pumping, are presently being designed. If
these upgrades require turning off the flow of water into Hilton Creek and/or the mainstem, then
Reclamation will need to reinitiate consultation with NMFS.
The facility will operate by gravity flow or pumped flow depending on flow targets and lake surface
elevation. The capacity of the permanent watering system will vary with lake level because of the gravity
fed system. When the pump is in use, the main pump will run off the local electricity supply. A secondary,
fuel-powered pump will be located on site in the event of a problem with the existing pumping system (e.g.,
a power outage or maintenance). Having both the gravity-flow and pump systems will ensure consistent
water deliveries to Hilton Creek.
Rainbow trout/steelhead require cool water. Lake Cachuma is thermally stratified during spring and
summer, with warm water near the surface (the epilimnion layer) and cold water at deeper levels (the
hypolimnion). Vertical thermal profiles measured during the summer indicate that water should be obtained
from a minimum depth of 65 feet (20 meters) below the lake’s surface in order to obtain water measuring
18°C or cooler (SYRTAC 1997). A variable intake line (snorkel) to regulate the depth from which water
in Lake Cachuma is drawn will also be installed.
3.1.2 OPERATIONS
Supplemental water releases into Hilton Creek will be made to maintain flows generally between 2 and 5
cfs depending on the water year type, natural flow in Hilton Creek, and the amount of water stored in the
lake. A 2 cfs minimum flow in Hilton Creek will be maintained once the pump system is installed thus
creating the ability to water the lower reach in 98% of years (NMFS 2000).
The reservoir releases for fish enhancement, especially mainstem target flow releases (see Appendix B Flow Related Fish Enhancement), will be made via the Hilton Creek supplemental facility. Mainstem
target flows will be established in all years except critical drought years. During drought situations, when
the elevation of Lake Cachuma declines below 665 feet (2% of years), the watering system will not be able
to deliver water to Hilton Creek. Migrating steelhead, however, are not expected to reach Hilton Creek in
drought years. When such a situation occurs, a fish rescue will likely be performed in Hilton Creek
assuming any steelhead spawned there that year. The decision to conduct a fish rescue will be made in
consultation with NMFS and CDFG.
The Hilton Creek water delivery system was designed, and will be operated, to meet temperature and
dissolved oxygen criteria appropriate for rainbow trout/steelhead. The two release points in Hilton Creek
(upper site at the Reclamation property boundary and lower site in the chute) provide greater flexibility in
adjusting the amount of water delivered to the different reaches of the creek. During operation of the
temporary watering system in 1997, where water deliveries were made at the lower release point, water
quality conditions were suitable throughout lower Hilton Creek. Water released at the upper release point
could experience greater warming as it travels through the channel, or it may temporarily go subsurface at
the open alluvial area before rising again at the bedrock chute. If this is a problem, releases could be
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shifted to the lower release point. Monitoring of water temperature, flows, and dissolved oxygen will be
conducted in order to adjust operations of the two release points as necessary.
Further study of the conditions within Hilton Creek and the operation of the watering system will be needed
to develop specific release scenarios for this system. Therefore, releases from the supplemental facility will
be adaptively managed within the capability of the system. The releases to Hilton Creek within and among
years will be managed by the Adaptive Management Committee. This committee is composed of a
representative from Reclamation, the Cachuma Conservation Release Board, Santa Ynez River Water
Conservation District (SYRWCD) Improvement District #1, SYRWCD, National Marine Fisheries
Service (NMFS), and California Department of Fish and Game (CDFG). The Adaptive Management
Committee may decide to modify the 2 cfs minimum flow required by NMFS once the pump is installed
(NMFS 2000), although the decision must be approved by NMFS. Data to determine the flow versus
habitat quantity in lower Hilton Creek will be collected to assist in system evaluations.
It is anticipated that releases will be primarily made through the upper release point in Hilton Creek to
provide water supplementation to the longest portion of channel. In years when there are larger quantities
of water to be released to meet the mainstem target flows, it is anticipated that a portion will be released
through the Hilton Creek system into the Stilling Basin to enhance mainstem habitat between the release
point and the confluence with Hilton Creek. Management of both the distribution of water among the three
release points and the amount of water to be released will be based on a number of factors including, but
not limited to, presence of spawning adult rainbow trout/steelhead, presence of rearing juveniles, reservoir
storage, downstream water rights releases, water quality in Hilton Creek (e.g., temperature), water losses,
water temperature at the intake depth in Lake Cachuma, and natural flow in the system.
A ramping schedule will be used in Hilton Creek to protect rainbow trout/steelhead. The ramping schedule
is shown in Table 3-1. During the first year of releases, managed flow changes will be made during daylight
hours, and the creek will be monitored for potential stranding during ramping events.
Table 3-1

Hilton Creek Ramping Schedule
Release Rate
(cfs)

Maximum Ramping Increment
(cfs)

Minimum Ramping Frequency

10 to 5

1

4 hours

Less than 5 cfs

0.5

4 hours
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3.2 CHANNEL EXTENSION
The objective of the proposed channel extension is to enhance the benefits of the supplemental water
supply by creating additional steelhead rearing habitat in Hilton Creek. Four extension alternatives were
considered and evaluated based on various hydrologic, habitat, and feasibility factors. Of these four
alternatives, extension Alignment B was selected as the preferred alternative by the Hilton Creek Work
Group, a subgroup of the SYRTAC. Further studies are required to determine the feasibility of this
alignment in relation to such factors as seepage loss, water temperature, stream gradient, and predation.
The four alignment alternatives that were considered are shown in Figure 3-2, and consist of the following:
•

Alignment A – consists of an alluvial floodplain which would provide an increase in net channel
length of 596 feet.

•

Alignment B – consists of a relic stream channel which would provide an increase in net channel
length of 1,215 feet.

•

Existing Alignment – represents the “no action” alternative.

•

Former Alignment – consists of the former Hilton Creek alignment which discharged to the Stilling
Basin. This alignment would decrease the net channel length by 145 feet.

The extension alignment selection criteria are summarized in Table 3-2, and a discussion of the criteria and
project design considerations is presented below.
3.2.1 HYDROLOGIC CRITERIA
Since the water available for supplemental releases is limited, the most significant hydrologic concern
regarding the proposed extension was potential seepage loss. In order to address this concern,
piezometers were installed and groundwater elevations were monitored along Alignment A and Alignment
B (Figure 3-2), and an infiltration study was performed along each of the alignments. The groundwater
monitoring data and results of the infiltration study are presented below.
3.2.1.1 Groundwater Monitoring
In order to gain further understanding of the groundwater hydrology in the lower reach of Hilton Creek,
seven piezometers were installed along Alignment A, and five piezometers were installed along Alignment B
in February 1999.
The piezometers were installed using a backhoe, and are constructed of 4-inch diameter blank and .020inch slotted Schedule 40 PVC pipe. The piezometers were installed to the greatest possible depth at each
location, which was determined by the structural stability of the encountered sediment and/or the limitations
of the backhoe.
The piezometers are generally situated at depths between .5
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+ 1,215 feet

No change

- 145 feet

Channel Gradient (% Slope)2

0.91%

1.1%

3.5%

3.9%

Estimated Water Loss
Potential:

High

Low-Moderate

Low

Low

0.159

0.034 gal/sec⋅ ft 2

unable to measure because
water in creek

0.013 gal/sec⋅ ft 2

Alluvium
(gravel/cobble)

Predominantly colluvium
(silt/sand/gravel)

Alluvium
(gravel/cobble)

Alluvium
(gravel/cobble)

Net Change in Channel
Length1

Infiltration Rate (gal/sec⋅
ft 2)*
Soil Type
Thermal Heating
Potential
Projected Rearing 3 Habitat
Quality
Projected Spawning 3 Habitat
Quality
Habitat for Other3 Fish
Species

Avian Predation Potential

Existing Riparian Zone

•
•

High
long channel
poor canopy cover

•
•

Moderate
longest channel
good canopy cover

•
•

Moderate
medium channel
fair canopy cover

Former
Alignment

+ 596 feet

Criteria

Existing
Alignment
(No
Extension)

Alignment B
(Along base of
bluff)

Hilton Creek Channel Extension Alternative Assessment Matrix
Alignment A
(Close to
SYR)

Table 3-2

•
•

Low
short channel
good canopy cover

Moderate quality habitat

High quality habitat

High quality habitat

Moderate quality habitat

Moderate – High

Moderate – High

Moderate – High

Low

Only sculpin currently use Hilton Creek. By designing the entrance to the channel with a moderate gradient, we can keep out
predatory fish. CA red-legged frogs, western pond turtles and two striped garter snakes may find the extension to be good
habitat.
High
High
Low
Low
•
good canopy, good
•
poor canopy
•
fair canopy
•
good canopy
instream shelter, blue
•
poor instream shelter
•
good instream shelter
•
good instream shelter
heron rookery
One side of channel has
riparian zone

Well developed
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Former
Alignment

Existing
Alignment
(No
Extension)

Alignment B
(Along base of
bluff)

Alignment A
(Close to
SYR)

Criteria

Flow Control Structure
Needed?

The “existing alignment” is considered the ‘no action’ alternative, and therefore that alignment will not require a flow control
structure. If we choose to build an extension, whatever extension channel we select will require a flow control structure and an
associated overflow channel (which will not require a structure).

Fish Stranding Potential

Fish stranding potential is low since the watering system will provide year-round watered habitat except in dry years. Lower
seepage rates along alignment B will help maintain water in the extension and therefore help reduce fish stranding.

Potential for Flood Damage

•
•

Long-Term Maintenance4

•
•
•
•

Additional Expenses 5

Construction Cost6

•
•
•

High
near SYR
entrance aligned with
river course
High
long channel
repair road crossings
storms can easily shift
course
channel lining (most of
length)
channel excavation
road crossing (1)
pipeline crossing
High

•

•
•
•

•
•
•

Low
along bluff at edge of
flood plain

•

High
close to SYR

•
•

High
outlet in Stilling Basin
aligned w/ SYR

None

•
•

Moderate
short channel
storms can easily shift
course

channel lining
(downstream[D/S]
connection to SYR)
channel excavation
road crossings (2)
pipeline crossing

None

•
•

remove debris jam
pipeline crossing

High

None

Moderate
long channel
repair road crossings

Low

1

Relative to the length of the existing alignment
Channel gradient was determined by subtracting the thalweg elevation at the confluence of the alignment with the SYR from the thalweg elevation at the outlet of the canyon (i.e., the
top of the old alignment) and dividing this value by length of the alignment.
3
High quality habitat is possible in whichever alignment is selected provided that we design and construct it. The anticipated cost of this construction and its permanence varies between
alignments.
4
Long-term maintenance includes dealing with infilling of pools, riparian overgrowth, accumulation of woody debris, and the like. The effort and cost of these types of maintenance are
relative to the channel length. Any structures listed under ‘additional expenses’ will also have to be maintained as well as the flow control structure.
5
Includes structures required on only one alignment
6
The ‘additional expenses’ make alignments A and B more expensive.
*Additional infiltration measurements will be taken in summer and fall because infiltration rates vary with the degree of saturation of the basin.
Assumptions:
Assumes water in the creek year round (either from natural flows or the waterin g system)
“Existing alignment” represents the ‘no action’ alternative (i.e., there are no improvements to this habitat, it is allowed to exist as is).
The channel extension is designed primarily to provide over-summering habitat and not spawning habit at (available upstream in Hilton Creek), therefore the channel
design will not focus on spawning habitat.
2
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Figure 3-2

Alignment Options for Hilton Creek
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and 2 feet below the groundwater table as sediment sloughing prevented installation at greater
depths. The lithology encountered during installation of the piezometers generally consisted of
sand, gravel, and cobble material along Alignment A, and silt, sand, and gravel along Alignment
B. Groundwater was encountered at all locations except for PZ-B (SYRTAC 2000a, 2000b).
Groundwater elevation measurements have been collected monthly from the piezometers to aid
in determining the proximity of groundwater to the surface, seasonal fluctuations in the
groundwater table, and the groundwater flow direction gradient. Based on the data collected to
date (SYRTAC 2000a), depth to groundwater below ground surface is greater along Alignment
B as compared to Alignment A, and groundwater levels appear to be highest in the spring with
fluctuations up to greater than 4 feet at some locations. The groundwater flow direction in the
vicinity of Hilton Creek is toward the northwest and turns toward the west in the vicinity of the
Long Pool.
3.2.1.2 Infiltration Rate Study
In order to estimate relative seepage loss along Alignments A and B and the former channel, an
infiltration study was performed in March 2000. Data was not collected along the existing
channel since there was approximately 7 cfs of surface flow in the creek. The infiltration study
results indicate that the relative infiltration rates were highest along Alignment A, followed by
Alignment B and the Former Alignment, respectively (SYRTAC 2000b).
In order to obtain data which is representative of the entire length of each alignment, the study
was conducted at one location along the former alignment and three locations along Alignment
A and Alignment B. At each test location, three bottomless 5-gallon buckets were situated 10
feet apart along the alignment thalweg, except at test location 1A along Alignment B at which
only one bucket was used due to dense vegetation. The bottomless buckets were carefully
pressed approximately 2 to 3 inches below ground surface. These buckets were filled with
water, and the incremental drop in water level within the bottomless bucket was recorded per
unit of time until the water level passed below ground surface. The infiltration rate for each test
location was determined by averaging the infiltration rates of the three bottomless buckets, and
the infiltration rate for each alignment was calculated by averaging the average rates at each test
location.
The study results indicate that the relative infiltration rate is highest along Alignment A (.159
gallons/second-square foot) followed by Alignment B (.034 gallons/second-square foot) and the
Former Alignment (.013 gallons/second-square foot), respectively. The results are presented in
units of gallons per second per square foot (gallons/second-square foot) since the incremental
drop in water level is applicable to the unit area of the bottomless bucket.
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3.2.2 HABITAT CRITERIA
The habitat selection criteria included an evaluation of the stream gradient, potential quality of
spawning and rearing habitat, thermal heating potential, avian predation potential, and the quality
of the existing riparian zone.
The stream gradient for each alignment was determined by subtracting the thalweg elevation at
the confluence of the alignment with the Santa Ynez River from the thalweg elevation at the
outlet of the bedrock canyon (i.e., the top of the old alignment) and dividing this value by the
length of the alignment. The calculations did not account for variations in topography between
the two elevations. Based on these calculations, the highest stream gradient was along the
former alignment at 3.9% and was followed by the existing alignment at 3.5%, Alignment B at
1.1%, and Alignment A at .91%.
For the other categories, a qualitative descriptor was assigned to each alignment based on an
assessment of the area by SYRTAC biologists and hydrologists. The evaluation is based on
current conditions and an estimate of future conditions with year-round streamflow. The results
of the habitat evaluation are as follows.
•

Alignment A has a high thermal heating potential due to the channel width and the lack
of mature trees and vegetation. Consistent streamflow likely would support willows and
the long-term development of mature riparian vegetation. Potential rearing habitat was
ranked of moderate quality due to the projected lack of instream cover and structure for
pool development. Potential spawning habitat was ranked moderate to high quality due
to the present substrate. The lack of riparian and instream cover suggested a high avian
predation potential. Currently, a riparian zone exists on only one side of the proposed
channel alignment.

•

Alignment B has a moderate thermal heating potential based on the high degree of
shading provided by the canopy of dense riparian vegetation and mature sycamore trees
and the adjacent bluff. Projected instream complexity and cover suggest high quality
potential rearing habitat, while gravel and sand substrate suggest moderate to high
quality potential spawning habitat. Dense canopy cover suggests low to moderate avian
predation potential, although it was noted that the trees adjacent to the proposed
alignment support a heron rookery.

•

The Existing Alignment, evaluated on existing conditions, has a moderate thermal heating
potential, high quality potential rearing habitat, moderate to high quality potential
spawning habitat, a low avian predation potential, and areas of well-developed riparian
zones.

•

The Former Alignment has a low thermal heating potential due to existing canopy cover,
moderate-quality potential rearing habitat, low-quality potential spawning habitat, a low
avian predation potential, and a well-developed riparian zone.
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3.2.3 FEASIBILITY CRITERIA
The feasibility criteria included an evaluation of the necessity of a flow control structure, the
potential for flood damage, long-term maintenance, additional expenses, and the construction
cost. These criteria were evaluated by SYRTAC working group hydrologists, engineers and
biologists. The assigned qualitative descriptors are as follows:
•

Alignment A would require a flow structure and an associated overflow channel (see
design considerations below). It has a high potential for flood damage due to its
proximity to the mainstem Santa Ynez River. This higher potential for flood damage
suggests that long-term maintenance costs would be higher than for the other alignments.
Projected construction costs would also be high due to required channel engineering
and grading, protection of road and pipeline crossings and potential channel lining
materials.

•

Alignment B would require a flow structure and an associated overflow channel (see
design considerations below). It has a low potential for flood damage as it is further
from the mainstem and partially protected by the mature riparian zone. Similarly,
associated long-term maintenance costs are projected to be moderate. Projected
construction costs would also be high due to required channel engineering and grading,
protection of road and pipeline crossings and potential channel lining materials.

•

The Existing Alignment would not require a flow structure and has a high potential for
flood damage due to its proximity to the Santa Ynez River.

•

The Former Alignment would require a flow structure and an associated overflow
channel. It has a high potential for flood damage. Construction and long-term
maintenance costs are projected to be moderate, limited primarily to debris removal and
minor grading.

3.2.4 PROJECT DESIGN CONSIDERATIONS
Since the objective of the extension project is to create additional rearing habitat, the extension
will be designed as a low-flow channel. The channel will be designed to accommodate flows up
to 15 cfs, but operating flows are anticipated to be less than 5 cfs. As part of the design, the
existing channel would continue to serve as an overflow channel to convey water during large
rainstorm events, and it is anticipated that both the channel extension and the existing channel
would serve as migration corridors for adult rainbow trout/steelhead during high-flow events.
In order to regulate flows into the channel extension, flow control structures will need to be
included in the design. Structures such as a submerged boulder weir could be used to direct
flow into the channel extension during low flows, and a limiter log structure could be used to
prevent high flows from entering the extension.
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Habitat improvements may also be included in the project design. Materials such as boulders,
woody debris, suitable gravel, and vegetation could be used to create high value fish habitat.
Riparian vegetation including willow cuttings, cottonwood, oak, and sycamore could be planted
along the channel to provide shading and reduce increases in water temperature, and a
temporary irrigation may need to be installed to establish the plantings.
The channel extension would be monitored to assess its performance and determine the need
for any maintenance. Following a high-flow year, it may be necessary to repair the channel
where it meets the Santa Ynez River. Sediment transport through the channel extension is
expected to be minimal, since high flows would be diverted to the current Hilton Creek channel.
Habitat monitoring will be used to decide whether sediment supplementation or removal would
be necessary. The success of riparian plantings would also be assessed and corrective
measures taken as needed.
3.3 FISH PASSAGE IMPROVEMENT PROJECTS
The objective of the Hilton Creek fish passage improvement project is to improve fish passage
through two identified migration impediments so that the steelhead can utilize upstream spawning
and rearing habitat. The lower migration impediment consists of a steep 6-foot cascade and
140-foot long confined bedrock chute located approximately 1,380 feet upstream of the
confluence with the mainstem. Above this impediment there is a complete passage barrier at the
Highway 154 Culvert. The SYRTAC project biologist has never observed steelhead in the
reach upstream of the chute pool to the Reclamation property boundary although fish have been
observed in the pool directly downstream from the Highway 154 Culvert. Providing passage
through the cascade and bedrock chute will give access to approximately 2,800 feet of stream
channel up to the culvert at the Highway 154 crossing, and providing access through the culvert
will give access to additional upstream habitat. The fish passage improvements to allow better
access through the cascade and bedrock chute are scheduled to be constructed in the 2001,
and the preliminary design to modify the Highway 154 Culvert is presently being completed.
3.3.1 CASCADE AND BEDROCK CHUTE
Since it is not known whether the impediment to migration is due to the height of the cascade or
the high-flow velocity in the bedrock chute, this project concentrates on modifying the hydraulic
conditions at both of these impediments. Additionally, the project focuses only on improving
passage upstream of the plunge pool since adult steelhead have been observed in this pool.
The design involves creating a backwater effect in the plunge pool, modifying the streambed
near the crest of the cascade, and constructing two cast-in-place concrete channel obstructions
(or roughness elements) and five boulder-sized cast-in-place concrete elements in the bedrock
chute area. Collectively, these actions will reduce the effective height of the cascade and lower
velocities in the bedrock chute. This design is expected to provide acceptable adult steelhead
passage at streamflows above 5 cfs with increased effectiveness at flows above 10 cfs. The
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uppermost streamflow at which passage can be expected will need to be determined from field
observations.
3.3.1.1 Project Background
The conceptual plan for the fish passage project as presented in the approved grant proposal
for the Enhancement of Instream Habitat in Hilton Creek (COMB 1998) and the Public
Review Draft Santa Ynez River Fish Management Plan (SYRTAC 1999) involves the
construction of five cast-in-place concrete weirs and the emplacement of approximately ten
boulders. This plan was developed based on qualitative field observations and has been
modified based on further studies conducted in 1999.
In February 1999, the tentative improvement locations were selected based on water marks
and channel geometry, and a hand level was used to estimate differential elevation and estimated
backwater effects of the proposed structures. Using this information, a more detailed
assessment was conducted between July-September of 1999, which involved surveying
streambed profiles and cross-sections. A preliminary design was developed using the
streambed profile and cross-section information, and this design was modified based on stagedischarge relationship data (at 3 cfs) collected in December 1999 and field observations made
during a “ground-truthing” assessment. The preliminary design was presented to the Hilton
Creek Work Group for review in February 2000, and the design was revised based on
comments from the group members and observations made during the winter of 2000.
The final fish passage project design presented, incorporates the following considerations: ability
to pass fish, constructability, site impacts, effects on flood stage, ability to pass sediment and
debris, and overall stability of the structures and adjacent stream banks.
3.3.1.2 Project Design
The objective of the fish passage project is to improve fish passage through the existing
migration impediment, which consists of a near-vertical 6-foot cascade and an approximately
140-foot long, confined bedrock chute situated immediately upstream of the cascade. The fish
passage project design focuses on reducing the effective height of the cascade by modifying the
streambed immediately upstream of the top of the cascade to create a resting pool and
constructing a channel obstruction at the downstream control of the plunge pool to increase
water depth in the pool. The high-flow velocities in the bedrock chute area will be addressed
by constructing two large channel obstructions (or roughness elements) and five boulder-sized
elements which will significantly reduce flow velocities and increase water depth in this area.
The proposed project design element locations are presented in Figure 3-3, and detailed design
drawings are provided in the memos entitled Hilton Creek-Revised Fish Passage Project
Design dated May 3, 2000 and the Hilton Creek-Design of Fish Passage Improvement
Structures dated May 26, 2000 (SYRTAC 2000c and 2000d).
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Figure 3-3

Conceptual Diagram of Fish Passage Enhancement to the Cascade/
Chute Impediment in Hilton Creek
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Improved passage over the cascade will be achieved by modifying the streambed immediately
upstream of the top of the cascade to create a pool in which the fish can rest and reducing the
effective height of the cascade by constructing a channel obstruction at the downstream control
of the plunge pool below the cascade. The revised design proposes to lower the thalweg 1 foot
over a distance of approximately 15 feet upstream of the top of the cascade. The purpose of
the lowered thalweg elevation is to create a pool at the top of the cascade while not increasing
the height of the cascade. In order to prevent erosion of the downstream control of the pool, a
cast-in-place concrete plug will be placed at the downstream edge of the pool. The proposed
channel obstruction at the downstream control of the plunge pool will reduce the low-flow
channel conveyance area by approximately 70% and the high water conveyance area by
approximately 50%. Backwater effects from this roughness element will increase the water
surface elevations up to 3 feet in the plunge pool for streamflows between 10 and 50 cfs. In
general, the proposed improvements are anticipated to reduce the effective height of the
cascade from 6 feet to 3 feet at streamflows above 20 cfs.
The proposed roughness elements within the bedrock chute will reduce the low-flow
conveyance area of the channel from 67% to 90% and the high-flow conveyance area of the
channel between 18% and 24%. The elements will also reduce flow velocities, increase surface
water elevations, and provide areas of rest for the migrating steelhead. Additionally, the
roughness elements will increase the thalweg elevations which will decrease the stream gradient
and reduce flow velocities upstream of the structure.
The channel obstructions (or roughness elements) will consist of cast-in-place concrete
structures securely anchored to the exposed bedrock channel, and will be constructed to
resemble an exposed bedrock protrusion into the stream channel. The design of the roughness
elements is specific to each proposed structure location. The roughness elements will be
secured using re-enforcing steel rods which will be anchored into the
bedrock channel. Cast-in-place concrete is being proposed instead of natural rock boulders
due to easier constructability, superior anchoring, greater control over size and shape, and lower
installation cost. The final design was developed in consultation with fish passage experts from
CDFG and NMFS and is consistent with the CDFG California Stream Habitat Restoration
Manual and the requirements of the Endangered Species Act. Highway 154 Culvert
The Highway 154 Culvert is located approximately 4,000 feet upstream of the confluence of
Hilton Creek with the Santa Ynez River. The culvert presents a physical barrier to migration
due to the height of the outlet drop and a velocity barrier, since the smooth concrete lining of the
culvert does not provide any velocity shadows at high flows, and sheet flow occurs under lowflow conditions. The fish passage modification project through the cascade and bedrock chute
will improve access to stream habitat up to the Highway 154 Culvert. The objective of this
project is to provide access to habitat upstream of the culvert.
SYRTAC working group members attended a field trip to the culvert where design
considerations were presented and reviewed in detail. The proposed initial project design is
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being prepared by the engineers from the U.S. Fish and Wildlife Service (USFWS) and consists
of constructing baffles in the culvert and a flow control structure downstream of the culvert
outlet. The baffles are being designed to reduce flow velocities, provide velocity shadows, and
create resting pools within the culvert at flows between 10 and 50 cfs. The purpose of the
downstream flow control structure is to create a backwater effect which will reduce the height
of the outlet drop. The project may also include the removal of debris at the upstream inlet of
the culvert which may present an impediment.
The USFWS is preparing the project designs in consultation with CalTrans since the project
would be constructed within the CalTrans easement which is approximately 35 to 40 feet on
either side of Highway 154. Ongoing discussions with CalTrans, USFWS, CDFG, NMFS,
and SYRTAC and/or Adaptive Management Committee scientists will determine the final
project design.
3.4 RIPARIAN ENHANCEMENT
The objective of this project is to enhance riparian habitat along a 300-foot section above the
cascade and bedrock chute, approximately 1,700 feet upstream from the confluence. This area
consists of a broad flood plain which is fairly depauperate of riparian vegetation, and the
streambed consists of cobble and gravel substrate. The riparian enhancement project would
significantly improve the habitat along this section by providing a good canopy for protection
and stabilizing the streambanks. It is likely that riparian growth in this reach will occur when the
channel is watered by releases through the upper Hilton Creek release point and therefore a
specific restoration effort may not be necessary. The Hilton Creek Work Group recommends
that the riparian restoration effort not be implemented until the effect of watering this section of
the creek on the riparian vegetation is known. The Adaptive Management Committee will be
responsible for monitoring this section of Hilton Creek and making additional recommendations
as necessary.
3.5 FISH RESCUE PLAN
While the supplemental water supply system will provide flow to Hilton Creek in most years, it
may not be feasible to provide streamflow during the summer and fall in dry or critically dry
years when the lake level falls to near 665 feet. Under natural conditions, over-summering fish
are restricted to isolated pools as flows decline and are vulnerable to predation (by both fish
and birds), desiccation, and exposure to elevated water temperatures. Therefore, in those years
that supplemental streamflow cannot be provided, a fish rescue program may be implemented to
move fish residing in Hilton Creek to more suitable habitat. In addition, should the Hilton Creek
supplemental watering system fail and fish be at risk for stranding, a fish rescue would likely also
be initiated. The decision to proceed with a fish rescue will be made in consultation with NMFS
and CDFG.
Fish rescue operations have been successfully conducted in Hilton Creek in 1995 and 1998. In
June 1998, approximately 831 young-of-the-year rainbow trout/steelhead and three adults were
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successfully moved from Hilton Creek to the mainstem Santa Ynez River above the Long Pool
(676 fish) and San Miguelito Creek (153 young-of-the-year). During 1998, specific protocols
were developed for determining when fish rescue operations would be initiated. These
protocols include the Hilton Creek Fish Rescue Plan (Reclamation 1998) and the
recommendations of the August 9, 1998 Hilton Creek Fish Rescue Assessment Report
(Reclamation 1998b). Reporting requirements have also been established by NMFS that
include (1) a specific description of the removal/relocation activities performed, (2) the number
of steelhead removed from the project area and the number transferred to each relocation site,
(3) the number of steelhead killed or injured during the removal/relocation, (4) a description of
any problems encountered during the project or when implementing special conditions, (5) any
effect of the project on steelhead that was not previously considered (NMFS 1998). These
protocols may not be appropriate for all years, but 1998 provided a template for future
coordination and cooperation between the Adaptive Management Committee, CDFG, NMFS,
Reclamation, and USFWS. Future modifications must be approved by NMFS and
documented in writing.
Hydrologic analysis indicates that a fish rescue operation would be necessary in approximately
2% (drought years) of all water years. During most of these years, it is likely that the river
mouth would not open during the winter, thus, eliminating the potential for anadromous
steelhead spawning in Hilton Creek. However, resident rainbow trout may still spawn, and
juvenile steelhead from the previous year may still reside in the stream if winter flows do not cue
them to emigrate.
The fish rescue plan for Hilton Creek is composed of two parts: (1) monitoring to determine
when a fish rescue should be initiated, and (2) the capture and transfer of fish. These operations
are described below.
3.5.1 MONITORING
Monitoring of flow levels and water temperatures within Hilton Creek will provide the primary
information on when a fish rescue operation should be implemented. If flows are diminishing, or
if water temperature is approaching stressful levels, then the project biologist will consult with
the Adaptive Management Committee, CDFG, NMFS, Reclamation, and USFWS to decide if
a fish rescue should be implemented. Once the need for a fish rescue has been identified, the
creek will be monitored daily for signs of additional stress.
3.5.2 RESCUE AND RELOCATION
Fish rescue and predator control operations will be conducted as necessary in consultation with
the Adaptive Management Committee, CDFG, NMFS, Reclamation, and USFWS. Fish
rescue operations could also be conducted in other stream reaches in which conditions are
threatening to rainbow trout/steelhead survival. Fish rescue operations in other areas will be
conducted as necessary, based on the landowner's permission and in consultation with the
resource agencies.
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The most critical issue for a successful fish rescue operation is the availability of a receiving site
with suitable habitat. If a fish rescue operation is necessary, the project biologist will investigate
likely relocation areas and determine if the conditions (adequate streamflow, temperature, etc.)
are favorable to steelhead. Once a suitable relocation area is identified, a survey of fry/juvenile
density will be conducted to determine the availability of space for additional fish. Potential
relocation sites include the Long Pool, portions of the mainstem, and several tributary reaches
below Bradbury Dam.
After identifying an appropriate receiving site, the fish rescue will proceed using protocols similar
to those used in 1998 in consultation with the Adaptive Management Committee, CDFG,
NMFS, Reclamation, and USFWS. The fish rescue operations will be planned to commence in
the morning to coincide with cooler water temperatures and will cease when water temperatures
exceed 18°C. The operation will utilize seines and nets, and the fish will be placed in cool,
well-aerated water. The temperature of the transport water will be adjusted to coincide with
the receiving area water before release. If electrofishing is determined by the inter-agency
discussions to be necessary, then the NMFS electrofishing policy will be adhered to.
To reduce the potential loss of relocated young-of-the-year rainbow trout/steelhead to
predation, warmwater fish (largemouth, bass, smallmouth bass, and bullheads) may be removed
from the receiving site if they are abundant. The warmwater fish can increase the mortality rates
of young rainbow trout/steelhead both directly through predation, and indirectly by forcing
young fish to occupy less suitable areas, which can impact growth rates, fitness, and exposure to
other predators. Predator removal could also temporarily provide localized benefits to native
fish in the mainstem pools, but over time these benefits would be reduced by recolonization from
other areas (other stream reaches and/or Lake Cachuma). Predator removal would be most
valuable as refuge pools become isolated during the summer.
Predators will be selectively removed from key pools using physical capture methods such as
fyke nets (also called box traps) in larger pools and runs and seines in smaller pools. Captured
native species will be returned to the stream and captured non-native species will be released in
Lake Cachuma. The operations will be conducted under the supervision of a qualified fishery
biologist. Predator removal activities have the potential to stress rainbow trout/ steelhead
residing in the pool during the process. Steps to minimize the impact to these fish have been
outlined in the Cachuma Project Biological Opinion (NMFS 2000) and are repeated from that
document verbatim below:
“A. Site inspections shall be performed prior to removal activities for the purpose of
identifying the presence of endangered steelhead within the relocation area. Instream
areas found to harbor steelhead shall be avoided during predator removal activities.
Removal timing and techniques, and point of egress and ingress shall be modified to
either avoid or minimize take of steelhead.
B. A fisheries biologist with training and expertise in steelhead biology shall supervise
pre-action, removal, and post-removal surveys. The biologist shall be empowered to
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halt those activities that may adversely affect steelhead, and recommend and implement
avoidance measures.
C. The fishery biologist shall conduct a brief training session for all project personnel
who are not fishery biologists familiar with steelhead before the action is implemented.
The training session shall include a description of the steelhead and its habitat, general
provisions and protections provided by the ESA, and the terms and conditions of this
incidental take statement that will be implemented to minimize injury and mortality of
steelhead.
D. Reclamation’s fisheries biologist shall contact NMFS fisheries biologist Darren
Brumback (562-980-4026) immediately if one or more steelhead are found dead or
injured. If Darren Brumback is unavailable Reclamation shall immediately contact
NMFS Protected Resources Division at 562-980-4020. If no one at Protected
Resources is available, Reclamation shall immediately contact NMFS’s Office of Law
Enforcement at 562-980-4050. The purpose of the contact shall be to review the
activities resulting in take and to determine if additional protective measures are
required. Reclamation will need to supply the following information initially: The
location of the carcass or injured specimen, the apparent or known cause of injury or
death, and any information available regarding when the injury or death likely occurred.
E. Any steelhead captured, collected, or trapped shall be revived, if necessary, and
immediately released without delay to either the capture location or a more suitable
instream location. No steelhead body length or mass data shall be measured.
F. Reclamation shall provide a written report to the NMFS within 4 weeks following
completion of the proposed action. One report shall be submitted to the NMFS for
each year that the project action is implemented. The report shall include the number of
steelhead observed, handled (captured, collected, trapped), killed and injured during
the proposed action; the estimated size of individual steelhead observed, handled,
injured, or killed; a map delineating the location(s) where steelhead were observed or
handled; a description of any problem encountered during the project or when
implementing terms and conditions; and, any effect of the proposed action on steelhead
that was not previously considered.”
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4.0
BENEFITS TO STEELHEAD AND OTHER SPECIES

The objective of the actions proposed in this report is to enhance steelhead utilization of Hilton
Creek by removing impediments to upstream migration and improving spawning and rearing
habitat. The benefits of the enhancement measures to steelhead and other species are discussed
below.
4.1 BENEFITS TO STEELHEAD
The enhancement measures included in Hilton Creek would benefit steelhead in several ways.
The supplemental watering system would increase the availability of rearing habitat during the
summer-fall dry season. The proposed channel extension would utilize the supplemental
watering system to create additional rearing habitat, and the fish passage improvement projects
will allow steelhead access to upstream spawning and rearing habitat. A summary of the benefits
is presented in Table 4-1.
The supplemental watering system combined with natural runoff will provide perennial instream
flows which would directly benefit steelhead by improving the availability and quality of juvenile
rearing habitat, particularly during late spring, summer, and fall. At the time of this report, this
system is successfully being used to support approximately 450 young-of-the-year below the
cascade. The supplemental watering system provides perennial flow to 2,980 feet of habitat
below the upper release point and 1,380 feet of habitat below the lower release point. The
supplemental water also benefits the habitat of additional fisheries in the lower Santa Ynez River
downstream of Hilton Creek.
The proposed channel extension project would enhance the benefits of the supplemental water
supply by creating approximately 1,215 feet of additional steelhead rearing habitat in Hilton
Creek. Channel modifications in other river systems have resulted in highly variable success,
depending on the design features and operation of the system. Therefore, further studies are
required to determine the feasibility of this project in relation to such factors as seepage loss,
water temperature, stream gradient, and predation.
The Hilton Creek fish passage improvement projects will improve fish passage through two
identified migration impediments so that the steelhead can utilize upstream spawning and rearing
habitat. The migration impediments consist of (1) a steep 6-foot cascade and 140-foot long
confined bedrock chute located approximately 1,380 feet upstream of the confluence with the
mainstem and (2) the Highway 154 Culvert. Providing passage through the cascade and
bedrock chute will allow access to approximately 2,980 feet of stream channel up to the culvert
at the Highway 154 Crossing, and providing access through the culvert will give access to
several miles of upstream habitat.
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Table 4-1

Project
Element
Supplemental
Watering
System

Amount of Habitat and Steelhead Lifestages Affected by Hilton Creek
Enhancement Project
Steelhead
Lifestage Affected

Benefit

Maintain streamflow to
Fry, rearing juveniles,
support habitat through
and over-summering
spring, summer, and
adults
fall.
Enhance access to
spawning and rearing
habitat above chute
pool

Fish Passage
Facilities

Migrating and
spawning adults

Channel
Extension

Create additional
stream habitat for
Fry, rearing juveniles,
summer rearing and
possibly spawning
possibly spawning by
adults
extending lower
channel

Amount of Habitat
Affected
1,380 feet to lower release
2,980 feet to upper release
2,800 feet between chute
pool and Highway 154
Culvert and the upper
reaches of Hilton Creek (3+
miles)

1,215 feet

Based on the information collected to date, impacts associated with these enhancement
measures will be limited to construction related effects. The Adaptive Management Committee
will work with NMFS and CDFG during the design phase of each project to minimize
construction related impacts. Sediment management techniques will be employed as necessary
and construction will occur in a dry channel when possible (e.g. the cascade/chute project, the
channel extension). In addition, a number of minimization measures have been identified by
NMFS for reducing construction related impacts on steelhead. These measures are
summarized in Appendix C (Section 4, Implementation) and will be implemented for each
project.
In conclusion, the proposed enhancement measures would produce an overall net environmental
benefit to steelhead in Hilton Creek based upon field observations of spawning and juvenile
rearing within Hilton Creek and operational experience with the temporary water delivery
system. The modifications to Hilton Creek would directly increase available juvenile rearing and
possibly spawning habitat within the Santa Ynez River system. Using the number of fish rescued
from lower Hilton Creek in June 1998 (831 young-of-the-year over approximately 1,200 linear
feet), the proposed project has the potential to produce up to approximately 2,850 young-ofthe-year when winter flows are good (approximately 850 fish for Hilton Creek below the
passage impediment, 1,000 fish between the bedrock chute and upper release site, and up to
1,000 fish in the channel extension minus the lowermost 100 to 250 feet of the existing Hilton
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Creek). As part of the implementation plan, a monitoring program will evaluate habitat use,
spawning success, and juvenile rearing of steelhead within Hilton Creek. The monitoring results
will be used to document the expansion of available habitat through the fish passage structure
and channel extension, and the incremental contribution of thermal warming from Hilton Creek
to habitat conditions in the lower Santa Ynez River.
4.2 OTHER SPECIES
Native fish, especially the prickly sculpin which currently inhabits Hilton Creek, will likely benefit
from the proposed actions. The watering system will provide a perennial water supply to the
creek, and the proposed channel extension will create an additional 1,215 feet of predator-free
habitat that will benefit sculpin. Construction of passage structures at the cascade/chute and
Highway 154 Culvert are not likely to affect fish as construction will occur while the channel is
dry, and because these fish will not migrate through the cascade/chute structure. Fish rescue
activities may negatively affect fish present in Hilton Creek; however, measures taken to
minimize the impact to steelhead should also minimize impacts on sculpin inhabiting the lower
reach.
While many other sensitive species occur in the Santa Ynez River watershed, only the twostriped garter snake has been reported in the vicinity of Hilton Creek (Woodward-Clyde
Consultants 1995, Reclamation 1998b). The snake has been observed immediately
downstream of Bradbury Dam near the mouth of Hilton Creek. The proposed actions should
benefit the snake by increasing the fish (prey) population in the stream and enhancing the
riparian corridor along the creek.
Although red-legged frogs, southwestern willow flycatchers, and western pond turtles are not
currently found in Hilton Creek, the proposed enhancement measures would create habitat
which is more conducive for these species. The supplemental watering system would benefit the
California red-legged frog, which requires perennial water, and the flycatcher and the pond
turtle, which require water during the spring and fall. The watering system may also, however,
provide habitat for bullfrogs which prey on red-legged frogs, so net benefits to this species are
unknown.
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1.0
INTRODUCTION

1.1 INTRODUCTION
The Santa Ynez River Fisheries Technical Advisory Committee (SYRTAC) was formed in
1993 to:
1. investigate steelhead and rainbow trout use of the Santa Ynez River,
2. identify actions that could benefit steelhead and rainbow trout within the drainage, and
3. develop plans to implement those actions that have a high potential for promoting the
recovery of steelhead populations from their low current levels.
Various management actions to benefit steelhead were developed through a consensus-based
process including local, state and federal agencies, environmental groups, landowners and other
interested parties. Among these actions were several measures that would allow steelhead to
access the area above Bradbury Dam (the upper basin). Before the construction of Bradbury
Dam (completed in 1953), this area provided most of the suitable spawning and rearing habitat
in the Santa Ynez River basin. These actions were identified in recognition that opportunities to
provide mainstem habitat below Bradbury Dam were limited because of rapid warming of water
released from the dam and the high percolation rate of water into the groundwater basins.
Through this process, various actions in the Santa Ynez River upstream of the Bradbury Dam
have been identified that may benefit rainbow trout/steelhead populations throughout the basin.
These actions were first described in the 1998 Management Alternatives Plan (SYRTAC
1998). In order to evaluate actions that could potentially benefit steelhead populations in the
basin, the SYRTAC created the Upper Basin Work Group.
The Upper Basin Work Group was responsible for assessing the benefits, impacts and
feasibility of potential actions that could be taken in the portion of the Santa Ynez River above
Bradbury Dam (upper basin) to enhance steelhead populations within the basin. Bradbury Dam
is currently the lowermost impassable barrier to steelhead migration on the Santa Ynez River.
The objective of the technical appendix is to evaluate the potential actions being considered for
the upper basin and decide whether these actions should be pursued further. Two aspects were
considered to be of primary importance in evaluating these alternatives: (1) the probability that
the action would result in benefit to the steelhead population, and (2) the technical and
institutional feasibility of the action. Only those actions technically and institutionally feasible and
which have a high likelihood of successfully benefiting the rainbow trout/steelhead population
have been included in the Management Plan.
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1.2 RAINBOW TROUT/STEELHEAD LIFE HISTORY
Coastal rainbow trout exhibit two distinctive life history strategies: freshwater residency or
anadromy. Resident rainbow trout live their entire lives in freshwater. Anadromous steelhead
are born in freshwater, emigrate to the ocean as smolts to rear to maturity, and then return to
freshwater to spawn. It is common to find populations exhibiting both life history strategies
within the same river system. As members of the same species, they can interbreed within a
given aquatic system and form a single cohesive population. Some mature resident rainbow
trout have been documented downstream of impediments (Shapovalov and Taft 1954) and
some proportion of the offspring of resident populations may exhibit the anadromous life history.
Individuals exhibiting one life history strategy can produce offspring that exhibit the other
strategy (J. Nielsen, pers. comm., 1998a). Due to the extreme environmental cycles of
Southern California, it is common for one life history strategy or the other within a population to
have poor success or be extirpated periodically. This life history pattern can potentially be
restored by the progeny of the other life history pattern. The Southern California steelhead may
have adapted to the unpredictable climate by being able to remain landlocked for many years or
generations before returning to the ocean when flow conditions allow (Titus et al., 1994).
In many historical steelhead streams, passage barriers have blocked migration to and from
upper stream reaches and resulted in residualization of steelhead populations, forcing them to
adopt a resident life history strategy (resident rainbow trout). On the Santa Ynez River, there
are natural and man-made impediments (e.g,. dams and road crossings) to upstream migration
that separate populations of steelhead and resident rainbow trout. In addition, impediments
exist upstream of habitat accessible to steelhead trout which separate the populations of resident
rainbow trout (i.e., Gibraltar Dam and Juncal Dam).
1.3 ENHANCEMENT OPPORTUNITIES
The Upper Basin Work Group evaluated three actions for the upper basin that could benefit the
anadromous steelhead population. These actions are:
1. Genetic Protection – The rainbow trout planted to support the put-and-take fishery in
Lake Cachuma and below Gibraltar Dam are derived from non-native stocks. These
stocks evolved under different environmental conditions than those present in Southern
California, and thus are likely less adapted to survive the extreme environment. While
most of these fish are caught by fishermen, some fish survive and may be washed over
the dam in spill years. These fish may then interbreed with native stocks and thereby
reduce the fitness of the resulting progeny in the Santa Ynez River. The Work Group
evaluated opportunities to prevent the introgression of non-native stocks into the native
steelhead population, while protecting the recreational fishery in Lake Cachuma and
below Gibraltar Dam.
2. Increase Habitat Availability – Prior to the construction of Bradbury Dam, the
tributaries upstream of Bradbury Dam provided the majority of the quality spawning and
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rearing habitat for steelhead. The upper basin tributaries historically maintained
perennial flow and cooler water temperatures than areas in the lower basin. The Work
Group evaluated opportunities to provide steelhead access to historical habitat above
the dam.
3. Increased Smolt Production – Since the division of the basin as a result of dam
construction, the only successful life history form upstream of Bradbury Dam has been
resident rainbow trout. However, a portion of the progeny of the upper basin resident
rainbow trout exhibit anadromous tendencies. The Upper Basin Work Group evaluated
the feasibility of trapping juveniles migrating downstream (smolt) above the dam and
transporting those juveniles by truck downstream of the dam to increase the number of
smolt reaching the ocean.
This appendix provides a complete discussion and evaluation of these actions. Section 2
provides background on the historic usage of the upper basin by steelhead and rainbow trout
prior to the development of the watershed as well as the current status of habitat and stocking
practices within the upper basin. Section 3 describes and evaluates the genetic protection
measures considered. Section 4 covers measures to provide steelhead access to areas above
Bradbury Dam. Section 5 describes how juveniles produced by the resident rainbow trout
population in the upper basin might be used to supplement the endangered steelhead stocks in
the lower basin.
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2.0
RAINBOW TROUT/STEELHEAD IN THE SANTA YNEZ RIVER UPPER BASIN

The upper basin is defined as the portion of the Santa Ynez River watershed upstream of
Bradbury Dam (Figure 2-1). Currently, the upper basin of the Santa Ynez River is divided into
three isolated sub-basins by three dams. Gibraltar Dam was completed in 1920, Juncal Dam
was completed in 1930, and Bradbury Dam was completed in 1953. The three sub-basins are:
1. Lower sub-basin – Mainstem Santa Ynez River from Bradbury Dam to Gibraltar
Dam, including Lake Cachuma. Some of the major tributaries include Cachuma, Santa
Cruz, Oso, Tequepis, Los Laureles and Devil’s Canyon creeks.
2. Middle sub-basin – Mainstem Santa Ynez River from Gibraltar Dam (including the
reservoir) to Juncal Dam. The major tributaries include Blue Canyon, Mono, Indian,
Gidney, Camuesa, Agua Caliente Canyon, Fox and Alder creeks.
3. Upper sub-basin – Mainstem Santa Ynez River from Juncal Dam eastward into the
headwaters of the Santa Ynez River. The major tributaries include Juncal, and North
Fork Juncal creeks.
In order to evaluate the management alternatives, it is necessary to understand (1) the historic
use of the upper basin by anadromous steelhead, and (2) the current conditions in the upper
basin. This section provides an overview of these issues.
2.1 HISTORIC USE OF THE UPPER BASIN
The Santa Ynez River is typical of many Southern California streams in that streamflow in the
lower reaches often declines to zero during summer and fall months. During the summer and fall
when both streamflow and wave energy are low, a sandbar forms across the mouth of the river.
This bar prevents adult steelhead from entering the river until high flows associated with winter
storms and winter wave energy are sufficient to breach the sandbar. During dry years,
streamflows sufficient to breach the bar and allow access into the river are of relatively short
duration (possibly only one to two weeks in duration). During exceptionally dry years,
streamflow may never be sufficient to breach the bar and thus, adult steelhead are prevented
from migrating up and spawning in the Santa Ynez River (Lantis 1967).
Once adult steelhead were able to enter the river, they migrated to the area upstream of Solvang
and particularly to the tributaries to spawn (Shapavolov 1944). Access to the tributaries above
the current location of Gibraltar Dam was blocked by the construction
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Figure 2-1. Upper Santa Ynez River Above Bradbury Dam.
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of that facility in 1920. The completion of Bradbury Dam in 1953 blocked access to much of
the remaining historic habitat.
Prior to the development of these projects, the upper basin provided spawning, summer rearing,
and over-wintering habitat as many of the upper tributaries have perennial flow. However,
during years of high rainfall, suitable habitat extended into the lower portion of the basin.
California Department of Fish and Game (CDFG) documents from the 1940’s (prior to
construction of Bradbury Dam) confirm that migration and spawning in the Santa Ynez River
were highly dependent upon rainfall (ENTRIX 1995a). The upper basin is believed to have
historically contained at least 60% of the spawning and rearing habitat in the Santa Ynez River
(Chubb 1997).
During the winter of 1943 to 1944, Shapovalov (1944) reported that steelhead were spawning
in “practically all accessible tributaries below Gibraltar Dam.” Spawning tributaries mentioned
included Alisal, Santa Cota, Cachuma, Tequepis Canyon, and Santa Cruz creeks. In 1946,
Shapovalov (1946) observed that flows in the tributaries were insufficient to allow migration of
steelhead, even though a rainstorm had increased the flows in the mainstem Santa Ynez River to
the point where they were “quite favorable” for steelhead migration and spawning. This
situation may have been common, as the upper basin receives substantially more rainfall than the
lower basin.
Based on review of the records prior to 1946, Chubb (1997) concluded that the best historical
spawning habitat was concentrated in the mid- to upper-third of the Santa Ynez basin. After
the completion of Gibraltar Dam, the best mainstem spawning habitat extended from the
Solvang area up to Oso Creek (Shapovalov 1946). Cachuma and Santa Cruz creeks were
noted as significant spawning tributaries. Steelhead populations began to decline in the 1940’s,
subsequent to the construction of Gibraltar and Juncal dams, but prior to the construction of
Bradbury Dam.
Shapovalov (1944) identified Indian and Alamar creeks as historical steelhead spawning areas
until the construction of Gibraltar Dam blocked access to these creeks in the 1920’s.
Subsequent to the construction of Gibraltar Dam, landlocked salmon (rainbow trout) living in
Gibraltar Reservoir were reported to spawn in Gidney Creek, the mainstem Santa Ynez River
above the reservoir, and Mono Creek below Mono Debris Dam (Shapovalov 1944).
Since the construction of Bradbury Dam, anadromous steelhead have been prevented from
migrating upstream into the upper basin. Soon after the construction of Bradbury Dam, a
“landlocked” run of steelhead continued to run up and out of the Cachuma Reservoir, utilizing
the lower reaches of Cachuma Creek to spawn. Due to concerns with poaching and predators
on Cachuma Creek, a fish impediment apparently was constructed at the outlet (Chubb 1997).
This population of landlocked rainbow trout/steelhead are believed to be the ancestors of the
current resident rainbow trout population. These resident rainbow trout have similar spawning
and rearing habitat requirements as that of the anadromous steelhead. Consequently, the
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resident trout migrate from the reservoirs upstream into the Santa Ynez and its tributaries to
spawn in the habitat historically used by the steelhead.
The resident rainbow trout population has been “augmented” with the planting of non-native
rainbow trout. Stocking non-native rainbow trout into the Santa Ynez River and its tributary
streams has taken place since at least the 1930’s. While native stock may persist in some areas
(e.g., above Juncal Dam), CDFG has planted a variety of different strains including Whitney,
Coleman, Hot Creek, Whitney and Kamloop crosses and Hot Creek-Wyoming throughout the
basin above Bradbury Dam (Adams, CDFG Fillmore Hatchery, pers. comm.). Stocking above
Gibraltar Dam was discontinued at least twenty years ago as was the stocking of Cachuma
Creek. Additionally, Santa Cruz and Coche creeks have not been stocked in over ten years.
Since approximately 1980, stocking has been primarily confined to Lake Cachuma and the
mainstem below Gibraltar Dam (near the Los Prietos Ranger District Office) (Adams, 1999,
CDFG Fillmore Hatchery, pers. comm.).
2.2 CURRENT CONDITIONS
Each of the three dams in the upper basin prevents upstream migration. Downstream migration
can occur only during years when the reservoirs spill. This results in an unknown amount of
gene-flow in a downstream direction. As a result of these impediments, native rainbow trout
populations above Gibraltar Dam are less affected by introgression with stocked rainbow trout,
as most stocking has occurred below Gibraltar Dam. The resident rainbow trout in these subbasins use habitat in the same way as steelhead did historically. Some fish remain stream
resident throughout their life, while other fish likely migrate downstream into the reservoirs and
rear to adulthood there. These lake adults then return to the tributary streams to spawn.
Many of the tributary streams have passage impediments (natural and man-made) which prevent
these resident fish from reaching suitable habitat in some areas. These impediments, in addition
to the major dams on the mainstem, reduce gene flow among the various sub-populations.
Some of these impediments, like the Mono debris dam, prevent lake fish from reaching much of
the suitable habitat on the tributary streams, and may limit the amount of suitable spawning and
rearing available to lake resident fish.
Stocking to supplement resident rainbow trout populations began in the 1930’s and continues
today. Today the majority of stocking occurs between Bradbury and Gibraltar dams. Currently,
Lake Cachuma is stocked with approximately 54,000 pounds of non-native trout between three
to five fish per pound each year. Additionally, the section of mainstem Santa Ynez River between
Lake Cachuma and the Gibraltar Dam is stocked with 8,000 pounds of trout similar in size to
those used to stock Lake Cachuma (M. Haynie, CDFG, pers. comm.). This stocking supports a
valuable put-and-take fishery managed by CDFG.
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3.0
GENETIC PROTECTION

3.1 BACKGROUND
The rainbow trout fishery in Lake Cachuma and the mainstem below Gibraltar Dam are the
predominant recreational fisheries for the citizens of Santa Barbara County. These areas
provide fishing opportunities for bass, sunfish and catfish as well as trout. The rainbow trout
fishery is supported by the stocking of rainbow trout. Current stocking practices include the
release of rainbow trout derived from genetically northern stocks into the Santa Ynez River
between Bradbury Dam and Gibraltar Dam. These rainbow trout currently come from two
sources, neither of which is derived from southern stocks. CDFG annually supplies 31,000
pounds (three to five fish per pound) of fish from the Fillmore Hatchery each year. The County
of Santa Barbara matches this volume with fish from the Mt. Lassen Hatchery, although in the
past, fish from Idaho hatcheries were also released (A. Kvaas, Santa Barbara Co. Fish and
Game Commission pers. comm.). These stocked fish have the potential to breed with the native
trout in the basin. Genetic sampling indicates that a large proportion of the rainbow trout in
Lake Cachuma have genetic patterns suggestive of a strong northern stock influence (ENTRIX
1995b).
While introgression resulting from stocking is primarily affecting the population above Bradbury
Dam, the possibility of migration downstream exists during spill events and releases from the
reservoir. Hatchery rainbow trout that end up downstream of the dam could potentially breed
with native steelhead, resulting in genetic introgression within the protected population. It seems
that the southern steelhead are better adapted to survival in the highly variable climate and flow
conditions of Southern California streams (National Marine Fisheries Service [NMFS] 1996,
Matthews 1996, Chubb pers. comm.). As a result, interbreeding of northern stocks with
southern steelhead could result in a decrease in fitness of the resultant progeny, leading to a
further decline in the population.
3.1.1 GENETICS OF STEELHEAD AND RAINBOW TROUT IN SANTA YNEZ RIVER BASIN
Genetic analyses have been conducted of rainbow trout and steelhead throughout the Santa
Ynez basin (ENTRIX 1995b, Nielsen 1998). Dr. Jennifer Nielsen analyzed both mitochondrial
DNA (mtDNA) and nuclear microsatellite DNA (microsatellites) using samples collected
recently by the SYRTAC and earlier collections from the lower and upper basin, as well as
those from other watersheds (Malibu Creek and Northern California). The following is a
summary of the key points of Dr. Nielsen’s report and a discussion of their relevance to
management of Santa Ynez rainbow trout/steelhead. (Dr. Nielsen’s report is provided in
Appendix F).
MtDNA is DNA from the mitochondria, which is maternally-inherited and does not undergo
recombination. Only one segment of this DNA strand (the d-loop) was examined. Ten
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different forms (haplotypes) of this segment have been found in Santa Ynez basin fish, the most
common being mtDNA haplotypes 1, 3, 5, and 8. All four haplotypes can be found throughout
the California coast, although haplotypes 1 and 3 are more common in northern populations and
hatchery trout, and haplotypes 5 and 8 are more common in the south (Nielsen et al., 1994). A
wild-caught fish cannot be determined to be hatchery-derived simply by examination of the
mtDNA. Haplotypes 1 and 3 do not necessarily indicate hatchery-derived fish in Southern
California streams, although there is a higher probability that hatchery rainbow trout will possess
this haplotype rather than haplotype 5 or 8.
Microsatellites are short repeated units of DNA from the nucleus (inherited from both male and
female), which can be highly variable. Dr. Nielsen examined ten different microsatellite locations
(ten loci). Microsatellite analysis is a more recently-developed tool, and one that is showing
great promise. For example, recent microsatellite work by Dr. Nielsen (pers. comm., 1998b)
has found that hatchery fish in Southern California are more similar to Central Valley stocks.
Using these markers, Dr. Neilsen has also found high levels of genetic diversity in southern
steelhead (Malibu Creek and Santa Ynez River) (J. Nielsen 1998 manuscript).
The mtDNA data from the Santa Ynez River indicated an upper and lower basin substructure,
with the notable exception of Salsipuedes Creek which grouped with the upper basin fish
populations (Figure 2 in Neilsen 1998, Appendix F). The lower basin mtDNA group included
Hilton Creek, Alisal Creek (from above the small reservoir), Long Pool, and Cachuma
Reservoir (mtDNA haplotypes 1 and 3 most common). The upper basin mtDNA group
included Salsipuedes/El Jaro creeks, and upper basin creeks such as Alder, Fox, Franklin, and
Devil’s Canyon (mtDNA haplotypes 5 and 8 most common). Jameson Reservoir data showed
close similarities and gene flow with these upper basin creeks.
The microsatellite data provided slightly different information from the mtDNA data (Figure 3 in
Neilsen 1998, Appendix F). There were two main groupings of the Santa Ynez based on
microsatellites. Alisal Creek, San Miguelito Creek (only one fish), and Devil’s Creek (three
fish) made up one group, while Hilton Creek, Salsipuedes Creek, the Long Pool, and Malibu
Creek made up the other. It is interesting to note that the samples in the first group came from
above passage impediments, while the samples from the other group came from streams with
access to the ocean. All Santa Ynez and Malibu Creek samples were more similar to each
other than samples from Whale Rock Reservoir (a hatchery near Morro Bay that is thought to
be derived from steelhead landlocked in the reservoir) or Northern California coast steelhead.
Our ability to draw further conclusions about basin population structure is limited due to the lack
of microsatellite data from the upper basin (only three fish from Devil’s Creek), and variable and
small sample sizes in our samples. Small sample sizes are especially problematic for
microsatellite data, since there is more variation to contend with (ten different loci that can vary,
as opposed to one locus for mtDNA). Microsatellites have proven to be valuable markers that
can make finer discriminations among steelhead when samples sizes are larger.
Additional data from the upper headwaters would be very helpful to determine if resident fish
harbor relic gene pools that would be appropriate for supplementation of anadromous native
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Santa Ynez stocks. Dr. Neilsen recommended more samples (sample sizes 30 to 40 per
location), collected systematically to answer genetic questions, and coordination among the
groups conducting genetic studies in the basin.
The results of these genetic studies indicate that native southern steelhead haplotypes persist in
the Santa Ynez River basin. The mtDNA data suggests some sub-basin structure for above and
below Bradbury Dam, although Salsipuedes/El Jaro fish grouped more closely with fish from the
upper basin than with fish from other lower basin streams. Hilton Creek fish were similar to fish
from the Long Pool and Lake Cachuma. Inferences based on the limited available microsatellite
data suggest that fish from streams with ocean access may be more similar to each other than to
fish above passage impediments (Neilsen et al., 1997). It is worth noting that the microsatellite
tree grouped Hilton Creek and Long Pool fish (which were predominantly mtDNA haplotypes
1 and 3) with Salsipuedes fish (which were predominantly mtDNA haplotypes 5 and 8) and
Malibu Creek fish (other work has indicated that Malibu fish are dominated by mtDNA
haplotypes 5, 8 and 4 [Nielsen et al. 1997]); all were more similar to each other than to
northern steelhead. The similarity of the mtDNA between the upper basin fish and Salsipuedes
fish suggests that these upper basin fish may be appropriate source stocks if stocking or trapand-truck measures are considered for the lower basin, although additional microsatellite studies
of upper basin rainbow trout are recommended to further investigate this.
3.1.2 PROPOSED ACTION
Two measures have been identified to offset the potential genetic effects of stocking northern
rainbow trout in Lake Cachuma and the mainstem below Gibraltar Dam, while continuing the
current recreational fishery. The first proposed action is to replace the northern-origin rainbow
trout currently used for stocking in Lake Cachuma and any other upper basin localities with an
equal quantity of rainbow trout with a genetic profile more typical of Southern California
steelhead. The second action would be to replace the fish currently stocked with an equal
quantity of sterile rainbow trout or a sterile brown trout-rainbow trout hybrid. The current
stocking program contributes to a valuable recreational fishery, and one of the objectives of this
action is to continue the fishery’s current level of success. The objective of this option is to
preserve the genetic integrity of the local steelhead and rainbow trout population by minimizing
introgression by foreign stocks.
3.2 ESTABLISHMENT OF A SOUTHERN STEELHEAD HATCHERY
3.2.1 BROODSTOCK DEVELOPMENT
The Southern California rainbow trout/steelhead broodstock would be developed from trout
collected in the upper basin above Gibraltar or Jameson reservoirs. Creation of a broodstock
begins with identifying a population of rainbow trout with genetic profiles similar to Southern
California steelhead. Within the Santa Ynez watershed, this can potentially be found in the
populations above Gibraltar and Juncal Dam (mid and upper sub-basins). Genetic studies of
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fish from Jameson Reservoir and tributaries such as Fox, Alder, Franklin, Indian and Devil’s
Canyon creeks support this conclusion (reviewed in Appendix III of Nielsen 1998).
In order to be assured enough genetic material to begin the broodstock, eggs and sperm must
be collected from at least 500 females and 500 males (M. Haynie, CDFG, pers. comm.).
Typically, the adults are captured in tributaries as they are migrating upstream to spawn. They
are either spawned immediately or kept in live pens on site for several days until they are ready
to spawn. Once all the adults are spawned, they are released back into the tributaries.
Field investigations and/or review of existing data will be needed to determine which tributaries
to target and the appropriate locations for trapping operations on these tributaries. The selected
tributaries will need to contain a population of genetically desirable adults large enough to
withstand the removal of genetic material from 1,000 individuals. These fish would likely need
to be collected from more than a single location (S. Chubb, pers. comm.). Additionally, the
tributaries must be accessible during the spawning season and suitable for the operation of traps
and holding facilities for individuals.
Prior to collection of spawning material, a hatchery facility must be available for fertilizing eggs
and rearing the fish (potential facilities are discussed in the next section). The hatchery would
require an appropriate water supply, method of aeration, backup system and manpower. In
addition, any water quality issues relating to hatchery wastewater will need to be negotiated with
the Regional Water Quality Board, particularly if a new facility is constructed.
It is anticipated that it will take eight to ten years to establish a suitable broodstock. The
resulting progeny would need to be raised to a size of between three to five fish per pound in
order to meet the needs of the stocking program. In order to obtain fish of this size, it currently
takes the domestic stocks seven to eight months of rearing. It may take as long as two years for
a wild stock to reach this size at the hatchery, depending on how the new broodstock responds.
3.2.2 HATCHERY FACILITIES
3.2.2.1 Existing Hatchery Facilities
The Upper Basin Work Group explored the possibility of developing and maintaining a
broodstock in one of the existing hatcheries, as discussed below.
•

Fillmore Hatchery – The Fillmore Hatchery is currently supplying half of the fish used
to stock the Santa Ynez River. It is currently a rearing facility and lacks the capabilities
and capacity for the development and maintenance of a broodstock. In addition, its
remaining capacity may be used by the Department of Water Resources for reservoir
stocking programs. For this facility to be used, a water treatment system would have to
be developed to provide water of suitable temperature and quality for spawning and
rearing rainbow trout. Systems and protocols would have to be developed to maintain
strict separation between fish derived from southern stocks and the northern stocks
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currently employed. The capacity of the Fillmore Hatchery would need to be increased
to maintain the southern broodstock.
•

Whitney Hatchery – The Whitney Hatchery is currently involved in the Golden Trout
stocking program. The golden trout is also a listed species, so the Whitney hatchery has
substantial experience in dealing with the issues of rearing a listed species. The Whitney
golden trout program includes the development and maintenance of a wild golden trout
broodstock. The broodstock is kept in five different ponds in Northern California
rather than on site. The trout are captured and spawned annually in order to rear the
stock. Use of the Whitney Hatchery, however, has several problems that make it
unlikely that it could be used for the proposed program. First, it has an ongoing
problem with whirling disease, which is difficult to eradicate and could endanger the
existing steelhead and rainbow trout populations in the Santa Ynez River if infected fish
were released. Second, Whitney Hatchery is located in the Owens River basin, which
has a substantially different climate than the Santa Ynez River. The difference in climate
would likely result in different selective pressures. Over time, the fish reared there
would become more adapted to the conditions and climate of the hatchery rather than
of the Santa Ynez River, which would not meet the program objectives.

•

Several other hatcheries were discussed, including Whale Rock, Hot Creek, ShastaPit and Lassen. These facilities seemed unlikely to serve the purposes of the Santa
Ynez River Fish Management Plan. In most cases, the problems of hatchery size,
climate and distance from the river seemed too great to warrant further investigation.

3.2.2.2 Construction of a New Hatchery Facility
Due to the difficulties associated with using an existing hatchery, it is likely that the construction
of a new hatchery facility would be required to pursue this action. Ideally, a southern steelhead
hatchery would be developed within the ESU to best emulate the environmental conditions of
the Santa Ynez basin. A new facility would require a substantial investment to design and
construct. The location of such a facility would require a water source with appropriate
temperature, quality and reliability for spawning rainbow trout and rearing them to release size.
Additional issues will involve obtaining the appropriate permits for the construction of such a
facility and the resulting water discharge of its operation.
3.2.3 ADDITIONAL INFORMATION AND MONITORING
Several monitoring programs should be conducted to determine the success of the program.
These include:
•

population surveys of rainbow trout populations in the upper basin to determine
appropriate locations where broodstock might be obtained;

•

genetic monitoring of the fish used for stocking in order to maintain a genetic profile
similar to Southern California rainbow trout/steelhead;
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•

creel surveys to determine if the fish are returning to the creel; and

•

genetic monitoring of the fish within Lake Cachuma to determine whether there is a
beneficial genetic shift.

3.2.4 EVALUATION
3.2.4.1 Technical Feasibility
The development and maintenance of a broodstock from Santa Ynez resident rainbow trout is,
apparently, technically feasible. Based on the review of existing information, populations above
Gibraltar and Juncal dams can likely provide 1,000 spawners without serious adverse affects on
the resident population (S. Chubb, U.S. Forest Service [USFS], pers. comm.). However, it
would be difficult to get the number of fish needed from a single tributary. A review of the
existing hatcheries indicates that they have significant problems which would likely prevent their
use. Therefore, it will probably be necessary to build a new hatchery for this purpose. If this
program is pursued, it will be necessary to:
•

acquire access to hatchery facilities suitable to the needs of the program or research the
feasibility of building a new hatchery, including supporting the hatchery for eight to ten
years during the development of the broodstock; address environmental issues
regarding water supply and discharge involved with the construction of a hatchery
facility;

•

confirm the genotype of all fish collected for the purpose of developing a broodstock;
and

•

monitor the genetics of the hatchery stock in order to maintain genetic integrity.

3.2.4.2 Biological Concerns
It will be necessary to remove spawning material from 500 females and 500 males in order to
create the broodstock. Sara Chubb (USFS) has indicated that the trout populations above
Gibraltar and Juncal dams are likely sufficiently large and healthy enough to support this effort,
although there would be difficulty in capturing such numbers in only a few locations without
excessively depleting the population. Surveys should be conducted to identify areas where
rainbow trout could be captured and spawned.
Once broodstock have been collected, founder effects and the selective forces in the hatchery
environment will begin pushing the genetics of this hatchery population toward those individuals
with the greatest fitness for conditions in the hatchery. As the purpose of this hatchery
population is to serve the recreational fishery (not to supplement the wild population) a
reasonable amount of “genetic drift” may be acceptable. However, in order to prevent
excessive genetic drift, it will be necessary each year to collect additional spawning material
from wild trout for combination with the hatchery broodstock. This infusion of new genetic

E-3-6

October 2, 2000

material will help maintain genetic similarity with the southern genotype. The proportion of wild
fish that would need to be incorporated each year to offset genetic drift must be determined.
The fish produced by this program will likely be more adapted to conditions in the Santa Ynez
River than the northern fish currently stocked. These fish would therefore have a higher
probability of survival if they avoid the creel, and they may compete more strongly with wild
fish. These fish may interbreed with wild fish and introduce their hatchery-influenced genome
into the wild population, to the extent that the genetic drift cannot be offset. The greater number
of survivors (compared to northern derived fish) may result in a higher degree of mixing, and
therefore the protection of downstream populations may not be complete. However, this mixing
is less likely to reduce the fitness of the native stock than the current practice because of the
genetic similarity of the southern steelhead hatchery fish, and therefore it will have a beneficial
impact on the protected population over the current stocking practice.
3.2.4.3 Institutional Concerns
The proposed action is consistent with the management objectives of the CDFG and the Santa
Barbara County Fish and Game Commission (County) for both steelhead management and the
recreational fishery in the upper basin. CDFG has indicated that restoration of native and wild
stocks is the highest priority for steelhead management, including maintaining genetic variability
in wild stocks (Farley 1997). CDFG has also stated that artificial production, rearing, and
stocking programs shall be managed to have minimal interference with natural salmonid stocks.
The proposed action supports both goals. CDFG and the County also manage a valuable
recreational fishery in Lake Cachuma and the Santa Ynez River between Bradbury and
Gibraltar dams. Recreational fishing will not be hindered since stocking programs will be
continued, albeit with southern-origin fish substituted for northern origin. This substitution will
protect the genetic integrity of the native rainbow trout/steelhead stocks in the upper basin,
consistent with CDFG’s steelhead management objectives.
NMFS should have no objection to this action because stocks above Bradbury Dam are not
included in the listed population. Additionally, the action has significant potential to protect the
listed population below Bradbury Dam.
3.2.5 CONCLUSIONS
The proposed measure has the potential to preserve the genetic integrity of Southern California
steelhead in the Santa Ynez basin by reducing or eliminating the potential for introgression from
the northern derived stocks currently being planted in the river, although the influence of
hatchery pressures could not be completely removed from the broodstock. The genetic
analyses indicate that populations of rainbow trout exist in the Santa Ynez River basin with
genetic profiles similar to southern steelhead and are available for use in the development of a
broodstock.
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This action, while technically feasible, would entail a long-term investment of effort to bring it to
fruition. Existing hatcheries are at or near capacity or face other problems that would eliminate
them from consideration for use. Constructing a new hatchery would also be a lengthy process,
and would likely be quite expensive given land and water values in Southern California. The
group recommends that development of a southern steelhead hatchery to support the put-andtake fishery in Lake Cachuma and the mainstem below Gibraltar Dam be put aside pending
further investigation of population size and genetics of resident rainbow trout populations in the
upper basin.
3.3 STOCKING STERILE TROUT
The second action that might be implemented to avoid the genetic introgression of native
steelhead and rainbow trout with exotic strains would be to replace the rainbow trout currently
planted in the lake and mainstem below Gibraltar Dam with sterile rainbow trout or sterile
brown trout-rainbow trout hybrids.
DFG is currently working on the development of a brown trout-rainbow trout hybrid (brownbows) at their Mt. Whitney Hatchery (M. Seefeldt, pers. comm.). While this program has met
with only partial success to date, Mr. Seefeldt feels it will be successful in the long run.
According to Mr. Seefeldt, hybrid stocking programs are in place in several other states using a
brook trout-brown trout hybrid known as a “tiger trout.” This strain is very aggressive and
cannibalistic and thus would be unsuitable for use in the Santa Ynez River. CDFG is currently
considering using this strain only in areas where a controlled predator is needed, such as in
alpine lakes where fish growth is stunted by over-population. The brown-bow trout hybrid is
less aggressive and will likely be more suitable in situations with sensitive species.
These programs would require larger numbers of eggs to produce the same number of fish, as
the hybridization process is less viable than standard single species reproduction. The extra
effort involved would require additional funds provided to the hatcheries implementing the
program.
The third option in developing a sterile trout for planting would be to use a process which
produces triploid fish. These fish have an extra set of chromosomes (the material on which
genes are coded) that makes these fish sterile. The process which produces triploidy is simple,
but success is highly variable (M. Seefeldt, pers. comm.). In some batches of fish, nearly 100%
the fish will be triploid, while in the next batch only 50% will be triploid. Until the reliability of
this process can be improved, it would not be suitable for use in this program, as there is not a
simple way of determining whether a given fish is diploid or triploid.
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3.3.1 EVALUATION
3.3.1.1 Technical Feasibility
The proposed stocking of sterile trout does not appear to be technically feasible at this time,
although the development of brown-bow hybrid may be feasible in the near future (M. Seefeldt,
pers. comm.). Once the technology has been adequately developed, there will be an additional
delay involved in getting this technology geared up to a production level capable of producing
the desired number of fish. The hybridized eggs are not as viable as single species eggs, and
therefore a greater starting pool of eggs will be required to obtain a similar number of fish.
There will be additional cost associated with producing these hybrid fish.
3.3.1.2 Biological Concerns
The tiger trout are highly aggressive and predatory and therefore do not meet the objective of
this action. The brown-bow strain is believed to be less aggressive and may be more suitable
for use in this application, but their behavior has not been well studied. Either of these strains
may exhibit spawning behavior even if they are sterile. There is a possibility they may compete
with native rainbow trout and steelhead for suitable spawning sites. However, the brown-bow
are the progeny of fall spawning brown trout and fall spawning rainbow trout. Therefore the
hybrids would likely exhibit fall spawning behavior, and the competitive pressure for suitable
spawning sites would be alleviated.
The brown-bow hybrids are being developed at the Mt. Whitney Hatchery which has a whirling
disease problem. If brown-bows were to be planted in Lake Cachuma and the Santa Ynez
River, these fish should be produced at a facility without this parasite, to avoid infestation in this
watershed, where it currently does not occur.
3.3.1.3 Institutional Concerns
There are no known institutional constraints to this program. The brown-bow hybrids are being
developed by CDFG. The fish are sterile, so they pose no genetic threat to native trout stocks.
However the behavioral characteristics of this hybrid are poorly understood.
3.3.2 CONCLUSION AND RECOMMENDATIONS
This measure, while still technically infeasible, has the potential to avoid possible genetic
introgression with steelhead and support the continuation of the Lake Cachuma fishery. This
measure would also avoid any potential adverse genetic effects associated with the development
of a broodstock program. Based on the likely need to construct a new hatchery for southern
steelhead if a southern steelhead broodstock were to be developed, the brown-bow hatchery
program could likely be attained at a considerable cost savings. There may also be a substantial
time savings involved depending on the progress of the hybrid development and the actual time
needed to adapt this process into a production mode facility. It is recommended that the

E-3-9

October 2, 2000

SYRTAC keep abreast of the progress of this research and consider implementation of this
option if it proves technically feasible.
3.4 SUMMARY OF GENETIC PROTECTION
The current practice of stocking northern rainbow trout strains into Lake Cachuma and the
mainstem below Gibraltar Dam has the potential to adversely affect the protected steelhead
population below Bradbury Dam. However, this practice supports a unique and valuable
fishery, the likes of which cannot be found elsewhere in Santa Barbara County. This fishery
should be continued and enhanced. The upper basin work group recommends that CDFG
pursue stocking practices that will not jeopardize the genetics of the protected steelhead
population. Two options have been investigated, each of which presents substantial biological
and technical challenges. Based on feasibility of the development of a new hatchery and the
potential problems associated with any hatchery, the work group recommends that the
development of a southern steelhead hatchery stock be shelved. The work group further
recommends that the SYRTAC and DFG stay abreast of current research on the development
of sterile trout strains for use in put-and-take fisheries, and as this research becomes applicable,
use it to replace the current stocking practice in Lake Cachuma and the upper mainstem below
Gibraltar Dam.
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4.0
FISH PASSAGE AROUND BRADBURY DAM

4.1 BACKGROUND
As discussed in Section 2, the area above Bradbury Dam historically provided much of the
good steelhead spawning and rearing habitat in the basin. Due to the current passage barriers,
steelhead do not have access to this area of the basin.
The actions evaluated are intended to provide steelhead access to the historical spawning and
rearing habitat in the upper basin. In order for the progeny of steelhead transported into the
upper basin to complete their life history cycle, however, it will also be necessary to provide
smolts downstream passage around Bradbury Dam so that they can reach the ocean. Section 5
addresses trap-and-truck operations for downstream transport of smolts from the upper basin.
Four alternatives were considered to provide passage around Bradbury Dam: (1) a fish ladder
at Bradbury Dam, (2) a fish ladder from Hilton Creek to Lake Cachuma, (3) a bio-engineered
fish passage channel that would pass fish around or into Lake Cachuma, and (4) trap-and-truck
operations to move returning adult steelhead from below Bradbury Dam into the upper basin.
Each of these actions are described in more detail in the following sections.
4.2 LADDER AT BRADBURY DAM
4.2.1 PROPOSED ACTION
Fish ladders are often used to allow upstream migrating fish to travel over a dam or other
passage barrier and gain access to spawning and rearing habitat in the portion of a watershed
above that barrier. Fish ladders also allow outmigrating fish downstream passage around a
barrier to gain access to the ocean. This option discusses the construction of a fish ladder from
the mainstem Santa Ynez River over Bradbury Dam. The type of ladder proposed for this
action is an Alaska Steeppass ladder, which is a style of Denil fishway. Implementation of this
style of fish passageway involves not only the construction of the ladder portion, but also
modifications to the dam for the necessary outlet structure.
According to guidelines suggested by Bates (1997), an Alaska Steeppass can achieve a slope
of about 25%, and they have been tested up to a slope of 33%. The standard length of ladder
sections is 30 feet, with a 10-foot-long resting pool between sections. Thus, for every 40 feet
of ladder and pool, a rise of 7.5 to 10 feet would be achieved. Bradbury Dam, therefore,
would require a total ladder length of 1,116 to 1,488 feet. The ladder would need to be a selfsupporting structure that is connected to Bradbury Dam. It must be capable of withstanding
seismic activity and must not jeopardize the stability of the dam itself. The outlet structure at the
ladder’s upstream end would need to be designed to accommodate variable lake levels so that
a continuous flow from the lake to the ladder could be maintained.
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4.2.2 TECHNICAL FEASIBILITY
Constructing a ladder from the mainstem presents serious technological challenges, according to
fish passage experts (G. Heise [CDFG] and J. Pisamente, pers. comm. to C. Fusaro; W.
Trihey, ENTRIX pers. comm.). Bradbury Dam is a 279-foot tall earthen dam. This is more
than twice as high as the highest locations where successful ladders have been constructed. The
outlet structure at the top would need to accommodate variable lake levels. Such an outlet
structure would require flow control gate structures and would represent a major engineering
modification to the dam. This would greatly increase the complexity and cost of the fish ladder.
Because this action is technically infeasible, it has been dropped from further consideration.
4.3 FISH LADDER FROM HILTON CREEK TO LAKE CACHUMA
4.3.1 PROPOSED ACTION
Some of the technological problems of constructing a fish ladder at Bradbury Dam (Section 4.2)
would be reduced by constructing the ladder from the top of Hilton Creek. Hilton Creek is a
small tributary located just below Lake Cachuma. During winter flows, rainbow trout/steelhead
swim up Hilton Creek to spawn (SYRTAC 1997a). The portion of the creek on U.S. Bureau
of Reclamation (Reclamation) property extends approximately 2,980 feet from the Santa Ynez
River (elevation approximately 550 feet) up to the Reclamation property boundary (elevation
680 feet). Under this action, Hilton Creek would be used to gain some elevation, and a fish
ladder would be constructed from the upper end of Hilton Creek near the property boundary to
Lake Cachuma.
Currently, a partial passage obstruction exists on the creek at an elevation of 625 feet,
approximately 1,380 feet upstream from the confluence with the Santa Ynez River. Plans are
currently underway to correct this impediment (Appendix D - Hilton Creek Enhancement).
Modification of this passage impediment would allow fish to reach an elevation of 680 feet
(Reclamation property boundary).
Passage into Lake Cachuma would then require a fish ladder 86 feet high and approximately
349 to 459 feet in length. As discussed earlier, the type of ladder proposed for this action is an
Alaska Steeppass ladder, which is a style of Denil fishway. Implementation of a fish ladder
would require an appropriate outlet structure to address the variable water surface elevation
within the lake, as discussed above, so that a continuous flow from the lake to the ladder could
be maintained.
4.3.2 TECHNICAL FEASIBILITY
Although this approach is technologically more feasible than a larger ladder from the mainstem
Santa Ynez River, it would still be a long ladder that may be difficult for adults to successfully
negotiate. Furthermore, the ladder would require an appropriate outlet structure to address the
variable water surface elevation within the lake which, as discussed above, would require
substantial modifications to the dam. Such an outlet structure would require flow control gate
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structures and would represent a major engineering modification to the dam. This would greatly
increase the complexity and cost of the fish ladder.
4.3.3 BIOLOGICAL CONCERNS
A fish ladder alone would not allow steelhead to complete their life cycle because it would likely
be ineffective at providing downstream passage for outmigrating smolts and for any adults that
may be returning to the ocean. Outmigrating smolts would have to navigate through Lake
Cachuma in order to find the entrance to the fish ladder. Lake Cachuma is a large reservoir
(3,000+ acres) which has negligible flow throughout most of the year. As a result, it is unlikely
that smolts would be able to negotiate a way through the reservoir to find the relatively small
outlet into the fish ladder. Also, the numerous warmwater predatory fishes in Lake Cachuma
would prey on the smolts during their migration. The only other way for juvenile fish to migrate
downstream would be to go over the face of the spillway in large storm events. These
opportunities occur in about one out of three years, and the trip down the spillway would likely
result in injury and possible mortality.
Because juvenile fish would likely be unsuccessful in migrating through Lake Cachuma to the
lower basin, any plan to get upstream migrants into the upper basin would have to be
accompanied by a downstream migrant trapping program, like the one described in Section 5.
4.3.4 INSTITUTIONAL CONCERNS
Allowing the federally listed steelhead to enter Lake Cachuma by any means would have serious
regulatory consequences for the recreational fishery in the lake. CDFG currently manages the
lake as a fishery for bass, catfish and stocked rainbow trout. Lake Cachuma is the largest lake
in the area available to local fishermen. The presence of steelhead would essentially prohibit
fishing in the lake and in the mainstem and tributaries between Bradbury and Gibraltar dams,
thus significantly impacting the opportunity for recreational fishing within the county. Therefore,
allowing steelhead above the dam would raise institutional conflicts with the County.
Allowing steelhead above Lake Cachuma would also impact private landowners in this area.
The land management practices of these owners may be restricted by the presence of an
endangered species.
These concerns could be mitigated if NMFS designated the translocated fish an experimental
population and therefore not subject to ESA protections.
4.4 BIO-ENGINEERED FISH PASSAGE CHANNEL
4.4.1 PROPOSED ACTION
This option would construct a bio-engineered fish channel to allow steelhead to pass around the
dam and the lake. This would be a structure with a lower gradient than a fish ladder, but would
likely be several miles in length. Continuous water flow would have to be maintained throughout
the entire channel to allow fish to swim upstream. Based on a review of topographic maps, the
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most likely course for such a canal would be up Santa Aqueda Creek to the headwaters of
Happy Canyon Creek and then into Lake Cachuma in the vicinity of Cachuma Creek.
4.4.2 TECHNICAL FEASIBILITY
This option would be technically infeasible because the headwaters of Happy Canyon Creek
are over 90 feet above the elevation of Lake Cachuma. Thus continuous “downstream” flow
could not be maintained through the constructed channel. Due to the technical infeasibility of
this option, the biological and institutional concerns are not discussed.
4.5 TRAP-AND-TRUCK TRANSPORT OF ADULT STEELHEAD
4.5.1 PROPOSED ACTION
This option would trap adult upstream migrant steelhead below Bradbury Dam and release them
into suitable spawning habitat in the upper basin. An advantage of a trap-and-truck operation
over a fish ladder is that it has the potential to allow steelhead access to habitat throughout the
upper basin, depending on the selected release site. The ladder or fish channel would allow fish
to pass over Bradbury Dam, but these fish would be blocked at Gibraltar Dam and thus would
not have access to habitat available above this point. Steelhead would also be limited to habitat
on the tributaries below any passage barriers.
Trapping of adult steelhead would be conducted using the same methods as the current
SYRTAC studies of the lower basin. For several years, the SYRTAC has been conducting
trapping operations in the lower Santa Ynez River and its tributaries as part of a migration
monitoring program. The program has trapped both upstream and downstream migrating adults
and juveniles.
A fyke trap with a weir portion constructed after the Alaskan style A-frame weir would be
placed across the stream to collect fish migrating upstream. Monitoring of traps and transport
of steelhead would occur daily throughout the operation period. Trapping can be conducted
only at relatively low flows. During high flows, the trapping equipment must be removed from
the river or stream to prevent its loss. More permanent trapping stations able to withstand
higher flows could be designed and constructed. Possible trapping sites include Hilton Creek,
which is on Reclamation property, or the mainstem or Salsipuedes Creek, which would require
permission from the landowner.
Captured adults would be transported in an aerated tanker truck to the upper basin. The fish
would be released in Los Padres National Forest above Gibraltar Dam or Juncal Dam, and/or
suitable tributary habitat above Gibraltar Dam. Access to this area would be difficult with a
tanker truck. Once accessible areas have been identified, habitat data will need to be reviewed
to determine the best spawning areas to release adults. Potential release sites include Blue
Canyon, Indian, Mono, Fox, and Alder creeks in the middle sub-basin, and Juncal Creek in the
upper sub-basin.
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4.5.2 TECHNICAL FEASIBILITY
Trapping in the lower basin would likely be technically feasible, although the number of fish
captured would be limited by the inability to operate the traps during high-flow events. The
primary technical issue in upstream transport is vehicular access in the upper basin to suitable
release sites. The roads that currently exist are not passable during the winter and spring
months when transport would occur. It would be necessary to improve existing roads so that
they are passable by a medium-sized tanker truck during these months.
4.5.3 BIOLOGICAL CONCERNS
Trap-and-truck operations involve a substantial amount of fish handling which can result in
stress and in some cases mortality of individuals. Specific points of stress include the transfer of
fish from the trap to the truck, transport (truck ride) to the upper basin, and release into the
upper tributaries. Measures will need to be incorporated in order to minimize the amount of
handling and therefore stress of steelhead.
Biologically, it may be desirable to move some adult steelhead into the upper basin to keep the
anadromous life history strategy alive in this area of the Santa Ynez River. The current
population has been landlocked for many generations; and fish exhibiting an anadromous
tendency would tend to be selected against, as they may pass over the dams and be lost to the
upstream population. By introducing adult steelhead into the upper basin and keeping the
anadromous tendency alive in this area, a buffer may be provided that could be used as a
source for anadromous southern steelhead genome, even if no assistance were provided to
allow outmigrant juveniles to reach the sea.
In order for the progeny of steelhead transported into the upper basin to complete their life
history pattern, it will be necessary to provide them access to the ocean. This would likely be
accomplished with a trap-and-truck operation of outmigrating smolts from the upper basin
tributaries to below Bradbury Dam (discussed in detail in Section 5). Such an operation would
need to be conducted every year during the outmigration season (about March to June). It will
be necessary to identify suitable trapping sites and construct traps in the upper basin tributaries.
Additionally, suitable release sites in the lower basin will need to be identified in order to
increase the likelihood of smolts reaching the ocean.
In the short-term, trapping-and-trucking adult steelhead could have negative impacts on the
population below Bradbury Dam. It would move the production of any fish transported from
the lower basin to the upper basin. Given their relatively low numbers, this would likely have a
significant effect on the population. In addition, as steelhead can spawn more than once, adult
steelhead moved over the dam would not be able to return to the ocean; and once moved
above the dam, these fish would be forced to reside in one of the reservoirs or tributaries unless
successfully recaptured and transported back downstream (see Section 5 below). This would
likely reduce their potential lifetime production. However, other enhancement measures
currently being pursued by the SYRTAC are designed to increase the population of steelhead in
the lower basin. The success of these additional measures would result in a “surplus” of adult
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steelhead returning to the lower basin to spawn. A surplus of fish is a number of fish larger than
the appropriate habitat to support them, or a larger number of fish than needed to fully saturate
the available habitat for subsequent life stages. As these populations increase, the biological
impacts of moving adults to the upper basin will be reduced and, therefore, its feasibility will
increase.
4.5.4 INSTITUTIONAL CONCERNS
Proposed trap-and-truck operations raise serious concerns for state and federal agencies.
CDFG policies state, “trap-and-truck operations, because of their history of failure to fully
mitigate for loss of habitat, will not be considered as mitigation for proposed water projects,
except where already approved.” (T. Farley CDFG 1997). NMFS has recommended that
other options be considered and implemented before trap-and-truck proposals be pursued, due
to the lack of success achieved in other regions (Hogarth 1998). NMFS would prefer to see if
conservation measures in the lower basin are successful at enhancing steelhead production
before engaging in trap-and-truck measures.
Transporting federally listed steelhead into the upper basin would potentially have consequences
for recreational fishing and private landowners, but not to the degree that a fish ladder would, as
discussed earlier in Section 4.2.4. This is because the adults could be selectively released
above Gibraltar Dam in Los Padres National Forest. A fish ladder would release steelhead into
Lake Cachuma, where they could create regulatory conflicts with the existing fishery. Again, the
concerns about endangered species regulations could be mitigated if NMFS designated the
translocated fish an experimental population and therefore not subject to ESA protections.
Trap-and-truck operations could potentially affect other protected species in the upper basin,
principally California red-legged frog (federally listed as threatened) and the southwestern
arroyo toad (federally listed as endangered). Both species move around and are present on
roadways in the winter. Increased vehicular traffic during this time of year could result in
increased mortality to these species. If a trap-and-truck operation were put into place,
measures would need to be taken to prevent harming these species during their spring
movements. Consultation with the U.S. Fish and Wildlife Service (USFWS) would be required
to develop appropriate mitigation measures and to obtain an incidental take permit.
4.6 CONCLUSIONS AND RECOMMENDATIONS
The Work Group reviewed several options for getting adult steelhead into the available habitat
in the upper basin. The options of a fish ladder from the mainstem Santa Ynez River or a bioengineered fish channel are technically infeasible and do not warrant further investigation. A fish
ladder from upper Hilton Creek is technically questionable, very expensive and presents serious
biological concerns. This measure would also endanger the valuable recreational fishery in Lake
Cachuma and the upper mainstem below Gibraltar Dam. Trapping adults in the lower basin and
transporting them via truck to the upper basin is the most feasible option for upstream passage.
All of these options fail to provide adequate passage for outmigrating smolts from the upper
basin, therefore, a trap-and-truck operation for outmigrants is a necessary complementary
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measure for any upstream passage measure. Simply providing adult steelhead passage in an
upstream direction may help keep the anadromous life history pattern alive in the upper basin,
which may provide a source of suitable genes for supplementing the population of southern
steelhead at a later date should it become necessary.
The Upper Basin Work Group recommends that a fish ladder over Bradbury Dam not be
considered because of the lack of certainty that the ladder would be successful, the difficulty of
getting juvenile fish back downstream of the dam, and the presence of the valuable fishery of
Lake Cachuma and the mainstem below Gibraltar Dam, which is the single most important
freshwater fishing opportunity in Santa Barbara County.
Trap-and-truck operations for upstream migrants still face several technical and institutional
challenges to implementation, including:
• access to suitable release sites in the upper basin over poor roads in winter;
• permission for establishing trapping sites on tributaries in the lower basin (not an issue if
trapping is conducted at Hilton Creek on Reclamation property);
• measures to minimize take of red-legged frogs and Arroyo toads during transport;
• providing downstream access for outmigrating smolts to the ocean (discussed further in
Section 5);
• short-term loss of steelhead production in the lower basin due to transport of adults into
the upper basin for spawning; and
• resistance by CDFG and NMFS to trap-and truck operations.
In the face of these challenges, the upper basin work group recommends that the proposed
habitat rehabilitation and enhancement efforts below Bradbury Dam be carried out and
monitored to see how the population responds. The Adaptive Management Committee will
continue to investigate opportunities to provide passage for steelhead around Bradbury Dam.
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5.0
SMOLT PRODUCTION ENHANCEMENT

5.1 BACKGROUND
As described earlier, steelhead and resident rainbow trout are members of the same species but
with different life history strategies. Steelhead are anadromous (fish mature in the sea, and
return as adults to spawn in freshwater), while resident rainbow trout spend their entire lives in
freshwater. As members of the same species they can interbreed within a given aquatic system
and form a single cohesive population. Adults exhibiting either life history pattern may produce
offspring exhibiting either life history pattern. Since the construction of Bradbury Dam,
anadromous steelhead have been prevented from migrating upstream into the upper basin.
Furthermore, the only life history strategy that the population upstream of Bradbury Dam can
express is freshwater residency.
Some proportion of resident rainbow trout progeny are expected to exhibit anadromous traits
by becoming smolts and attempting to migrate downstream to the ocean. Currently, smolts
from the upper basin cannot migrate downstream past the dams. One way to enhance the
anadromous population of the lower basin would be to provide a mechanism by which these
“anadromous” progeny could successfully reach the ocean. These fish, if they successfully
smolt, would grow to maturity and return to the Santa Ynez River, thereby boosting the
population.
The objective of the proposed action is to enhance steelhead production in the lower basin by
providing additional outmigrants with access to the ocean.
5.2 PROPOSED ACTION
This action will provide passage around Bradbury Dam for outmigrating smolts that are
produced in the upper basin, thereby providing access to the ocean. Fish that are migrating
downstream from the tributaries in the middle or upper sub-basins will be trapped, transported
downstream via an aerated tanker truck, and released in the river near the upper end of the
estuary. This location was selected for release to minimize the chance that any of these fish
might residualize (remain in freshwater) and out compete an individual that might eventually
exhibit an anadromous life history strategy.
Trapping would likely be conducted using the same methods as currently used in the SYRTAC
studies of the lower basin. A fyke trap with a weir portion constructed after the Alaskan style
A-frame weir would be placed across the stream to collect fish migrating downstream.
Monitoring of traps and transport of young fish would occur daily throughout the operation
period. Trapping can be conducted only at relatively low flows. During high flows, the trapping
equipment must be removed from the river or stream to prevent its loss. More permanent
trapping stations able to withstand higher flows could be designed and constructed. Possible
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trapping sites include Blue Canyon, Indian, Mono, Fox, and Alder creeks in the middle subbasin, and the mainstem above Juncal Dam, Juncal Creek and North Fork Juncal Creek in the
upper sub-basin.
Another potential type of downstream migrant trap is a “fish gulper.” The fish gulper facility
would require a reasonably stable channel reach that could be completely screened, probably
with removable screens. The collection mechanism involves placing a screen (1/4-inch mesh or
smaller) diagonally across the stream channel, which will funnel fish down into the narrow apex.
The “fish gulper” is a pipe at the apex of the funnel. Water velocity increases as the water is
funneled down, so the fish are sucked into the gulper and carried through a pipe to a holding
tank. The water is then bypassed or pumped back to the river. The collected fish would then
be transported via a tanker truck to a release site downstream of Bradbury Dam.
Prior to implementing trap-and-truck operations, review of existing data and/or surveys would
be necessary to identify likely trapping sites in the upper basin. The issues to consider in
selecting suitable trapping sites include juvenile production of the tributary, manageable flow
rates, debris loads, and vehicle accessibility. In order to obtain fish of southern steelhead
genetic lineage, trapping would occur only in tributaries in the middle or upper sub-basins.
5.3 EVALUATION
5.3.1 TECHNICAL FEASIBILITY
As discussed in Section 4.5, trapping of downstream migrants would likely be technically
feasible, although the number of fish captured would be limited by the inability to operate the
traps during high-flow events. Since steelhead and rainbow trout juveniles generally move
during these high flows, only a small portion of the available migrants is likely to be captured. In
addition, during high flows, the trapping equipment must be removed from the river or stream to
prevent its loss.
A fish screen and fish gulper would be most applicable and likely to succeed where the
streamflow and debris load is very predictable (e.g., in a water diversion facility). Such a facility
is not well suited for the flashy debris-laden flows of the Santa Ynez River. The approach
velocity of fish screens is typically less than .5 feet/second, which means that any appreciable
flow would require a great length of screen. A rough cost estimate is $1,000 per linear foot of
screen (4 to 5 feet tall). High-flow events and debris would seriously damage the screens. One
solution to this problem would be to remove screens when flows are high. However,
anadromous fish like steelhead typically use the high flows to migrate downstream. Therefore,
the fish gulper would be most effective in years with low or moderate flow, but not in years of
high flow. A fish gulper facility would require continuing maintenance during the spring migration
season for the removal, cleaning, and installation of screens, as well as supervision of fish
capture and transfer. Information to be sought if the feasibility of a fish gulper is to be
considered further would be the duration and magnitude of high flows, typical debris loads, and
a survey of the channel to find a suitable site.
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Another technical challenge is vehicular access in the upper basin. The roads that currently exist
are not passable during the winter and spring months when transport would occur. It would be
necessary to improve existing roads so that they are passable by a medium-sized tanker truck
during these months.
5.3.2 BIOLOGICAL CONCERNS
Some of the juveniles translocated downstream of Bradbury Dam may remain resident within
the system. These individuals may displace young steelhead already present. This may have a
detrimental effect on these young fish. To reduce this possibility, the traps would be placed so
that they capture only fish that are actively moving downstream out of a tributary (i.e.,
outmigrants), this being a sign of potential anadromy. To further reduce the risk of
residualization, juveniles moved downstream would be placed near the upstream end of the
estuary so that they are less likely to enter a tributary stream where they might displace native
fish.
It is currently unknown how many juveniles might be actively migrating downstream in the upper
basin, or how important these individuals are to the local populations. These factors should be
investigated before this action is implemented.
Trapping and transport activities could result in stress and mortality of the captured juveniles.
Additional stress and mortality may be experienced in the receiving stream due to low flows,
poor habitat conditions and/or unsuitable temperatures in the receiving stream. These problems
can be addressed through proper transport procedures and release site selection.
5.3.3 INSTITUTIONAL CONCERNS
Proposed trap-and-truck operations raise serious concerns for state and federal agencies. The
CDFG policies state, “trap-and-truck operations, because of their history of failure to fully
mitigate for loss of habitat, will not be considered as mitigation for proposed water projects,
except where already approved.” (T. Farley CDFG 1997). NMFS has recommended that
other options be considered and implemented before trap-and-truck proposals be pursued, due
to the lack of success achieved in other regions (Hogarth 1998). NMFS would prefer to see if
conservation measures in the lower basin are successful at enhancing steelhead production
before engaging in trap-and-truck measures.
Trap-and-truck operations could potentially affect other protected species in the upper basin,
principally California red-legged frog (federally listed as threatened) and the southwestern
arroyo toad (federally listed as endangered). Both species move around and are present on
roadways in the winter. Increased vehicular traffic during this time of year could result in
increased mortality to these species. If a trap-and-truck operation were put into place,
measures would need to be taken to prevent harming these species during their spring
movements. Consultation with USFWS would be required to develop appropriate mitigation
measures and to obtain an incidental take permit.
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5.4 CONCLUSIONS AND RECOMMENDATIONS
The objective of this option is to supplement the steelhead population in the lower basin. In at
least some wet years, there appears to be sufficient production of juveniles. In other years,
production in the lower basin may be reduced and it may be desirable to increase the number of
smolt going out to sea. However, other enhancement measures currently being pursued by the
SYRTAC are designed to increase the habitat available in the lower basin. It may be advisable
to evaluate the need for supplementing production in the lower basin after we see the results of
planned actions there.
This action appears to be feasible from a technical basis. Impacts to rainbow trout populations
would likely not be a concern because the rainbow trout in the upper basin, while genetically
similar to southern steelhead, are not part of the protected population under the ESA. There
may be adverse impacts to the steelhead population downstream of Bradbury Dam, however, if
some of these fish residualize and occupy habitat that otherwise could be used by juveniles that
will become anadromous steelhead. The juvenile rainbow trout trapped for this program,
however, would be in a migratory phase which will increase the likelihood that they would
smoltify and go to sea. Additionally, these fish would be released near the upper end of the
estuary where they are unlikely to enter the tributary stream and displace local rainbow trout or
steelhead.
Based on the lack of knowledge about the need for the action, the potential benefit of the action
(how many additional smolt would be produced), and the potential effects of the action on
steelhead populations in the protected reach below Bradbury Dam and the rainbow trout
populations in the area where the juveniles would be collected, the Upper Basin Work Group
recommends that these questions be investigated and that this action be revisited when more is
known.
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INTRODUCTION
A total of 95 Oncorhynchus mykiss fin clips taken from fish collected in the Santa
Ynez River, 1994-1997, were analyzed for molecular genetic population structure in my
laboratory at Hopkins Marine Station for the Santa Ynez River Technical Advisory
Committee (SYRTAC). For this study we amplified D-loop nucleotide sequence (188
base pairs) and ten nuclear microsatellite loci from DNA extracted from each fin sample.
Previously published/reported genetic data for Santa Ynez steelhead/rainbow trout are
summarized in Appendix lII.
These genetic markers represent two different molecular systems found in the
salmonid genome with potentially different selection mechanisms reflected in their
genetic diversity. Mitochondrial DNA (mtDNA) is a maternally inherited, extra-nuclear
locus which has been used extensively for studies of conservation genetics and genetic
diversity in vertebrates since the early 1980's. The D-loop sequence used in this study
has been well documented in the published literature as one of the most diverse regions
of DNA sequence available from teleost fishes (including salmon and trout) due to its
relatively fast mutation rate (Lee et al. 1995; Nielsen et al. 1998). The term "relatively"
should be taken at the correct scale, however. Most mtDNA divergence leading to
unique haplotypes as described in this report is thought to have occurred during the
mid- to late-Pleistocene, or 70,000 to 250,000 years ago (Avise 1994).
Pleistocene glaciation had unprecedented impacts on the ecology and genetic
structure of North American vertebrate species (Pielou 1991). Fish species suffered
long term disruptions due to glacial cover of freshwater habitats, formation and failure of
ice dams, drainage shifts, and sudden emptying or flooding of ice-margin lakes. Much
of the current species diversity is thought to have evolved from glacial refugia found at
the edge of ice sheets or in areas protected from the glacial advance (Pielou 1991;
Nielsen in press). Species from glaciated regions have been shown to have reduced
levels of intraspecific divergence and genetic diversity (Bernatchez et al. 1989).
Recolonization from diverse refugia has led to a complex zoogeographic history for
many fish species, including salmon and trout. Recent developments in genetic
technology allowing thorough investigations of mtDNA lineages have given us a better
understanding of the number and location of glacial refugia in wild populations of fish
and their colonization trends through modern times. A strong biogeographic cline
in-mtDNA haplotypes has been shown for coastal steelhead in California (Figure 1;
Nielsen et al. 1994a & b, 1997a &b, 1998).
Microsatellites are short, tandemly repeated units of DNA that have been shown
to be highly polymorphic in plants and animals. Fast mutation rates leading to high
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levels of variation and a broad genomic distribution have made microsatellites important
genetic markers for studies of parentage, genetic linkage, and population structure in
many organisms (Jarne and Lagoda 1996). Mutation rates in microsatellites have been
shown to be on an order of magnitude faster than most mtDNA markers making them
important in studies of evolution that has occurred since the Pleistocene. Recent
estimates of divergence times for microsatellites in humans by Goldstein et al. 1995b,
place allelic changes on the scale of tens-of-thousands of years, a period covering most
of the recent tectonic uplifting activity along the coast of California. This level of
divergence makes these markers appropriate for question of genetic diversity involving
recent anthropomorphic manipulations of fish populations such as hatchery propagation
or habitat alteration due to dams and urbanization of river channels (see Nielsen 1996;
Nielsen et al. 1997a & b).
Molecular genetic comparisons using these two different molecular systems were
made among sample populations and other reference populations of California
steelhead/rainbow trout analyzed for the same markers in the past in my laboratory. I
used comparisons of allelic and haplotype frequency data, genetic distance measures,
and analyses of population independence to compare genetic markers among
subgroups from the SYRTAC samples and between the SYRTAC samples and other
California O. mykiss populations.
MATERIAL and METHODS
Sample Collections
Ninety-five O. mykiss fin clips collected by SYRTAC were sent to our laboratory
in 1997. These fish included samples collected 1994-1997 from Alisal Creek (N=17);
Hilton Creek (N=36); Long-pool/spill basin (N=10); Salsipuedes Creek (N=31); and San
Miguelito Creek (N=1; Table 1).
Fish collected from Alisal Creek, San Miguelito Creek, Devils Creek, and the
Whale Rock Hatchery were collected above passage barriers. Comparison collections
available in our laboratory for the same molecular markers included in analyses of
population independence and genetic distance analyses were O. mykiss samples
collected from Hilton Creek in 1995 (N=11) by the California Department of Fish and
Game (CDFG); samples taken by Giles Manwaring from southern steelhead in Malibu
Creek in 1992-93 (N=13); rainbow trout samples collected by the USFS in Devil's Creek
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from the upper Santa Ynez watershed in 1995 (N=7); putative “landlocked” steelhead
from Whale Rock Reservoir collected in 1992 (N=33); and steelhead/rainbow trout fin
clips collected from nine northern California coastal drainages, 1992-93, (Albion River,
Cottoneva Creek, Garcia River, Gualala River, Howard Creek, Middle Fork Eel River,
Navarro River, Usal Creek, and the Van Duzen River; N=27). For the purposes of these
analyses we pooled all of the north coast samples into one population and used this as
the outgroup for our genetic distance analyses of the SYRTAC samples.
North coast steelhead microsatellite data given in Appendix I have been
previously published in part by JLN (Nielsen et al. 1997a & b). Other raw genetic data
from the reference collections used in this report remain the property of the collecting
agency and are not included here. These data may be available upon request from the
collecting agency. The reference collections are offered here as comparisons made
among sample populations taken recently in the same general geographic area as the
SYRTAC samples. They are especially useful for microsatellite analyses where limited
data on California's O. mykiss have been published to date (Nielsen et al. 1997a & b).
Mitochondrial DNA
Total genomic DNA was extracted from O. mykiss fin clips using Chelex-100
(BioRad) and/or cesium chloride purifications (Nielsen et al. 1998; Carr and Griffith
1987). Amplification of mitochondrial DNA (mtDNA) control-region sequence according
to methods given in Nielsen et al. (1994a) were successful in all fin clips from the
SYRTAC collection. Primers used in this study (P2 and S-phe) are known to allow the
amplification of a highly variable segment of mtDNA control region in salmonids
(Nielsen et al 1994a & b; Nielsen et al. 1997; Nielsen et al. 1998). This segment of
mtDNA contains 188 base pairs (bp) of the O. mykiss control region and 5 bp of the
adjacent phenylalanine tRNA gene. Primer sequences, amplification and sequencing
protocols, and the complete sequence amplified in this region in O. mykiss are given in
Nielsen et al. 1994a.
Nomenclature for mtDNA control region haplotypes follow those given in Nielsen
et al. 1997a. I used an unbiased estimate of the Fisher's exact test based on a Markov
chain adaptation of row-by-column contingency tables (GENEPOP V2.0; Raymond and
Rousset 1995a) to test for independence in mtDNA haplotype frequencies found among
steelhead/rainbow trout populations used in this study. This test provides the probability
of being wrong when Ho (i.e. rows and columns are independent) is rejected (Raymond
and Rousset 1995b). Haplotype frequency analysis was done using ARLEQUIN 1.0
(Schneider et al. 1997 http://anthropologie.unige.ch/arlequin) and a genetic distance
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tree for linearized Fst values among sample populations (SYRTAC and reference data)
was calculated using PHYLIP (Felsenstein 1993).
Microsatellite Loci
Ten microsatellite loci developed by other research laboratories were chosen for
these analyses based on their high level of polymorphism in previous studies of
steelhead/rainbow trout done in our laboratory. The Omy-series of microsatellites was
developed specifically for O. mykiss; the Oneµ-series was developed for sockeye
salmon (O. nerka); Ots-series microsatellites were developed for chinook salmon (O.
tshawytscha); and the Ssa-series was developed for Atlantic salmon (Salmo salar).
Amplification of microsatellite loci follow methods given in Nielsen et al. 1997a, except
that each 7.15 µl PCR reaction contained 67 µM Tris-HCL (pH 8.8), 6.7 µM MgCI2, 16.6
µM (NH4 )2SO4, 10 µM β-mercaptoethanol, 1 µM each of dGTP, dATP, dTTP, and dCTP,
1 µM of each primer, 0.15 units of Taq polymerase, and µl of Chelex-100 extracted
DNA.
For each locus polymerase chain reaction (PCR) conditions and the color of the
fluorescently labeled reverse primer are listed in Table 2. Microsatellite alleles were run
on a 6% polyacrylamide gel. Prior to loading the gel, 1µl PCR product was added to 4
µl of loading buffer
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containing 1 µl 50 mg/ml Blue Dextran, 2.5 µI diformamide, and 0.5 µl ABI Genescan
500 (Applied Biosystems). All microsatellite gels were run on an ABI 373 automatic
sequencer adapted for microsatellite analysis.
Microsatellite gels were read using ABI Prism's GENOTYPER software (1996).
Microsatellite loci were run individually in separate PCR reactions to determine the
maximum allelic size distributions found in Santa Ynez steelhead/rainbow trout. Allele
sizes for each locus were established following an analysis of variance in allele size
estimates derived from GENOTYPER. The size reported here for each microsatellite
allele was equal to the size of the total product amplified (including amplified primer
sequence). Known O. mykiss samples and commercial size standards were rerun on
each gel for size standardizations among gels.
Tests for population independence using microsatellite allelic frequencies were
performed using GENEPOP. Fisher's exact tests were run on all possible pairs of fish
populations for each locus and for all loci combined. Statistical significance levels
(initial α = 0.05) were set using sequential Bonferroni tests (Rice 1989). Pairwise
genetic distance matrices were calculated using the measure δµ2 (delta mu squared;
Goldstein et al. 1995a), using MICROSAT V 1.4 available from Dr. E. Minch,
Department of Genetics, Stanford University (http://lotka.stanford.edu/distance.html).
This distance measure assumes a linear expectation of the average squared
distance for each locus (assuming no correlation between mutation rate and repeat
score) and uses the arithmetic average of mutation rates across loci. This statistic is
equivalent to a general analysis of variance using the sum of squares of differences in
allelic size within each locus for each population, and the average squared difference
between all possible pairs of populations. These estimates are used to obtain an
estimate of variance in allele size in the total population. Goldstein's distance measure
maintains an estimate of mutation rates under an expectation of a strict, single-step
(± one repeat unit) shift for each mutation event. Fst and mean heterozygosity for the
10 microsatellite loci were calculated using MICROSAT with expected equilibrium
values developed for the stepwise mutation process.
Distance data were used to generate an unrooted consensus neighbor-joining
tree using NEIGHBOR81 and CONSENSE applications from PHYLIP (Felsenstein
1993) comparing the SYRTAC collection with our reference populations. One thousand
replicate microsatellite distance trees were generated to obtain bootstrap estimates
based on locus removal with replacement in the MICROSAT program. Bootstrap values
given as percentiles were used to assess reproducibility of branching patterns found in
the consensus genetic distance tree.
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RESULTS
Mitochondrial DNA
Six mtDNA haplotypes were found in the Santa Ynez River samples sent to my
laboratory by SYRTAC (Table 3). Haplotype frequency distributions varied among the
subsample populations in this collection (Table 4). Fisher's exact tests indicated
significant independence for mtDNA haplotype frequency distributions between all
paired comparisons made among the SYRTAC Santa Ynez River populations
(excluding the San Miguelito Creek sample where N=1), with the notable exception of
the haplotype frequencies found in Hilton Creek and the adjacent long pool/spill basin
(Fisher's p = 0.16). In year-to-year comparisons significant differences in haplotype
frequencies were found between SYRTAC's Hilton Creek samples collected in 1995 and
1997 (Fisher's p = 0.0025).
In comparisons with available reference mtDNA collections (Appendix III;
populations where N<3 were excluded) a lack of significant independence (Fisher's
p > 0.05) was found in comparisons of Salsipuedes Creek and with Devils Creek
(p = 0.62). SYRTAC Hilton Creek samples (all years combined) and CDFG Hilton
Creek samples (all years combined) lacked significant independence for mtDNA
haplotype frequencies (p = 0.06). This trend in mtDNA frequency continuity for
independent collections of Hilton Creek trout held for year-to-year comparisons as well
where Fisher's p = 0.36 (CDFG and SYRTAC 1995); p = 0.15 (CDFG and SYRTAC
1997).
No significant differences in mtDNA haplotype frequencies were found between
Hilton Creek samples and those collected in Lake Cachuma (SYRTAC samples p =
0.20; CDFG samples p = 0.11). Mitochondrial DNA haplotype frequencies in Devils
Creek fish were not significantly different from those found in the SYRTAC Hilton Creek
samples (p = 0.19). The long pool/spill basin samples lacked mtDNA frequency
independence from Lake Cachuma (p = 0.06) and Devils Creek (p = 0.23). Lake
Cachuma trout lacked mtDNA independence in comparison with Devils Creek trout
(p = 0.23). Jameson Reservoir fish and the collection made in Franklin Creek lacked
significant mtDNA frequency differences in comparison with adult fish collected in the
Santa Ynez River (1993-94; Jameson Reservoir p = 0.36; Franklin Creek p= 0.08).
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Estimates of Nm (used as a surrogate for recent gene flow among populations)
calculated from haplotype frequencies by ARLEQUIN were very high in comparisons of
SYRTAC Hilton Creek with CDFG Hilton Creek (Nm = 99), long pool (Nm was infinite),
Cachuma Reservoir (Nm was infinite), and the 1993-94 mainstem collection by
SYRTAC in the Santa Ynez mainstem (Nm was infinite). High gene flow estimates
occurred between: Cachuma Reservoir and CDFG's Hilton Creek sample Nm = 23.6;
Cachuma Reservoir and the Santa Ynez 1993-94 mainstem collection (Nm = 64.1;
Jameson Reservoir and Alder Creek Nm = 39.45; and Fox Creek and Alder Creek Nm =
14.51. All other estimates of geneflow were less than Nm = 10, the maximum threshold
suggested as appropriate for estimating connectivity in populations from geographically
proximate subpopulation within a basin (Mills and Allendorf 1996).
Genetic distance analyses based on haplotype Fst values calculated by sample
population for all mtDNA reference collections and SYRTAC sample locations in the
Santa Ynez River (populations with 2 or less individual samples were not included)
ranged from Fst = 0 (comparisons made among the long pool, Cachuma Reservoir and
both Hilton Creek samples) to Fst = 7.8 (El Jaro/Salsipuedes and Alisal Creek). A
mtDNA consensus neighbor-joining tree (PHYLIP) derived from linearized Fst values
calculated by ARLEQUIN is given in Figure 2.
Microsatellite Loci
The 10 microsatellite loci used to test population structure in the Santa Ynez River trout
were highly polymorphic (Table 5). The number of alleles ranged from 6 (Oneµ11) to 33
(Oneµ2), with an average of 15 alleles per locus in the Santa Ynez samples collected by
SYRTAC (see Appendix I for allelic distributions found in SYRTAC samples compared
to northern CA coastal collection. Allelic sizes ranged from 87 bp (Omy325) to 308 bp
(Oneµ2). Mean Fst for the 10 loci combined was 0.11 (range: 0.03 (Omy27) to 0.21
(Oneµ8)). Average heterozygosity for the 10 loci was 0.62 (range: 0.45 (Omy27) to
0.80 (Oneµ2)).
Fisher's exact tests of population independence were performed on paired
comparisons among the SYRTAC samples and the northern California reference
collection using 10 microsatellite loci (Table 6). One fin clip collected by SYRTAC in
Hilton Creek, 1994, represented the only fish from the SYRTAC collection that showed
significant lack of independence for all 10 loci in comparisons with north coast steelhead
(mean Fisher's p = 0.44; see Table 6). Year-class variation for the 10 microsatellite loci
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amplified from fins collected in 1995 and 1997 in Hilton Creek was not significant
(Fisher's combined p = 0.15). Large differences in sample size prevent legitimate
statistical year-class comparisons among the other SYR TAC fish populations.
Delta mu (δµ2) genetic distance analyses among the SYRTAC trout populations
ranged from δµ2 = 37.70 (Salsipuedes Creek 1995 and 1996 samples) to δµ2 = 1.15
(long pool/spill basin 1997 and SYRTAC's Hilton 1997 samples; Table 6). Neighborjoining analysis of the δµ2 distance measures including all of the reference collections,
demonstrated two genetic groupings with separation supported by 85% of the bootstrap
trees (Figure 3). Alisal Creek, San Miguelito Creek, and Devils Creek (USFS) made up
one group, while both Hilton Creek samples (SYRTAC combined year-classes and
CDFG), Malibu Creek, long pool, and Salsipuedes Creek (SYRTAC combined
year-classes) made up the other.
DISCUSSION
Comparisons of SYRTAC sample populations by site locality and year showed the
important influence sample size can have on these types of analyses. Most statistical
theory and data simulation studies suggests 40-60 individuals/population for best results
when analyzing population structure with microsatellite loci (see Takezaki and Nei 1996
and literature therein). The largest Fst and δµ2 distance values were calculated in
comparisons where at least one population contained only a few individual suggesting
significant sample-size effects. Combining samples across years for individual tributary
or stream populations gave better results in our neighbor-joining analyses.
The controversy over mitochondrial vs. nuclear (i.e. microsatellite) DNA analyses
continues in the genetics community. The evolutionary mechanisms in repeat DNA
remain unknown and, therefore, the assumptions built into their analyses are
controversial. I have published significantly using both methods given here (see
literature cited). Results documenting population genetic structure within the Santa
Ynez River basin were not congruent for these two markers. This could result from
several conditions or constraints on the data. In this study both methods were applied
to different population sets since most of the mtDNA reference populations have not
been analyzed for microsatellite diversity at 10 loci (see Figures 2 and 3). It is difficult to
support variation in genetic structure based on differences in mutation rates between
the two markers or sexually dimorphic gene-flow (i.e. more straying of males within the
basin). As mentioned above sample size is a problem at many of the locations used for
this study. Errors resulting from low sample number will, however, tend to have more
effect in microsatellite analyses than in mtDNA sequence data due to their variable
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mutation rates. I anticipate increased sample sizes (at least 40 fish per sample location
per year) would bring congruence between these two genetic markers in their depiction
of within basin population genetic structure.
Two issues concerning the microsatellite analyses were important enough for me
to give them computational consideration. First, recent studies of microsatellite loci
have shown null alleles (Omy77 and Oneµ14) and size homoplasy (Oneµ11) in
bottlenecked populations of O. mykiss in Alaska (JLN and W. Ardren, unpublished
data). I ran δµ2 genetic distance analyses on the SYRTAC samples without each of
these loci and without all three loci combined to analyze the relative contribution of each
locus on the overall findings. These analyses did not change the architecture of the
resulting genetic distance tree or the relative relationships found among the Santa Ynez
River samples. Variation found at each locus acted on all populations with equal effect.
Similar results for these loci in other studies on going in my laboratory show similar
effects (Nielsen in press; Nielsen et al. submitted). Tree branch lengths did change,
however, due to the shifts in analysis of variance contributed by each locus. These
changes would typically affect an interpretation of deep evolutionary nodes, but the
Santa Ynez River populations are so closely related that branch lengths~were~not
considered significant in either case (with or without the questioned loci).
I used a second method of analysis of genetic distance for microsatellite data
(Nei's chord distance) that is based on the infinite allele model of evolution as opposed
to δµ2's single-step model. Nei's measure ranged from 0 - 1.17 in the Santa Ynez
samples, but was generally directly correlated to the δµ2 values given here, suggesting
that the mutation model is not as important in recently diverged populations as in
analyses involving more distantly diverged populations (see Takazaki and Nei 1996).
Nei's mean Fst for these 10 microsatellite loci was 0.12, very similar to the value
calculated by δµ2 (Fst = 0.11).
It was interesting that I was unable to differentiate the one fish caught in Hilton
Creek (1994) that carried mtDNA haplotype MYS8 (most commonly found in southern
California steelhead) from north coast steelhead for any of the 10 microsatellite loci.
This shows the error that can easily be made using genetic analyses without
consideration of the sampling properties inherent in the system of markers used to
define subgroups of fish as independent populations (see Cummings et al. 1995).
While mtDNA haplotype MYS8 dominated the Whale Rock Reservoir population
collected in 1992, these fish clearly had a mixed ancestry when we looked at the
nuclear genome (Nielsen et al. 1 997b). These examples show the importance of
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looking at sufficient sample sizes for both mtDNA and nuclear markers when examining
genetic population substructure within a basin.
Due to a natural genetic heritage primarily derived from Sacramento River rainbow
trout, hatchery trout in California are dominated by two haplotypes MYS1 and MYS3. It
is important to note, however, that haplotypes MYS1 and MYS3 do not necessarily
indicate hatchery-derived fish in southern California streams. Despite the fact that their
frequency of occurrence declines in southern streams, these haplotypes have been
found throughout the species range as far south as Baja California (Nielsen 1998). A
wild-caught fish cannot be determined to be hatchery derived simply by exanination of
their mtDNA haplotype. The probability of hatchery origins increases in fish carrying
MYS1 or MYS3 haplotypes, but wild origins cannot be ruled out in these lineages, even
in southern California. My laboratory is working on a series of microsatellite loci that
seem to contain diagnostic alleles for the Mount Shasta, Hot Creek, and Whitney
Hatchery rainbow trout strains. Completion of this work (expected in early 1999) will
provide tools for hatchery vs. wild comparisons within California coastal rainbow trout
populations and allow estimates of the level of introgression by hatchery fish among
stocks subjected to supplementation over time.
Genetic distances calculated between the 1995 (N=3) and both the 1996 (N=3)
and 1997 (N=25) samples collected in Salsipuedes Creek were quite high (δµ2 = 37.7
and 17.5 respectively). Despite small sample sizes for 1995 and 1996, this seems to
indicate year-class structure or sampling problems in this tributary. Year-class structure
and/or sampling problems were also found in SYRTAC's 1995 (N=24) and 1997 (N=11)
Hilton Creek collections. For all year-classes combined we found no significant
differences between the SYRTAC Hilton Creek collections and those sent to my
laboratory by CDFG with both Hilton Creek collections occurring on the same branch in
Fst distance analysis, only 64% bootstrap support for separation in the microsatellite
neighbor-joining tree, and high Fisher's combined tests p-values among the various
Hilton Creek collections.
Fst distance analyses of haplotype frequencies showed upper and lower basin
substructure for mtDNA with the notable exception of Salsipuedes Creek which claded
with the upper basin fish populations (Figure 2). Two well supported genetic clades
based on nuclear microsatellite allelic structure shown in the lower Santa Ynez River
trout samples gave support for genetic associations among Malibu Creek steelhead and
trout from Hilton Creek, the long pool, and Salsipuedes Creek. Alisal Creek, San
Miguelito Creek, and Devil's Creek trout were significantly different in microsatellite
allelic structure from known anadromous steelhead populations in Malibu Creek. No
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Santa Ynez River reservoir fish were included in these microsatellite analyses, but a
previous study of Cachuma and Jameson Reservoir samples for three microsatellite loci
showed closer genetic affinity between reservoir fish and trout from habitats currently
closed to ocean access due to dams (Nielsen et al. 1997b).
The difference in genetic substructure found for the two molecular markers could
be due to variation in life histories (i.e. time since anadromony) above and below dams,
or to hatchery introgression sometime in the recent past that has affected some habitats
more others. Hatchery introgression may have resulted in significant males genetic
contribution in reservoirs and downstream tributaries (as represented by microsatellite
data), with limited female gene flow leading to the preservation of population
substructure in the Santa Ynez River based on mtDNA analyses. It is also possible that
two distinct lineages (i.e. independent steelhead and rainbow trout populations)
co-occur naturally within the basin. The lack of "diagnostic" alleles fixed for either of
these two life histories, however, argues against this last hypothesis.
Sample sizes analyzed for genetics were small for many of these populations
and prevent my making any further speculation on the cause of population
differentiation using either marker. I would suggest that a broader overview of the
population genetic structure for O. mykiss in the Santa Ynez River would be very helpful
in resolving the effects of past hatchery supplementation, the development of
supplemental broodstocks for enhancement, and in dosing of an appropriate
conservation plan for this basin. We especially need additional genetic data and
samples from the upper headwaters of this basin to determine if relic gene-pools found
in resident fish in the waters can provide material for supplementation of anadromous
stocks in the Santa Ynez River. A follow up study with sample sizes on the order of
40-60 fish per putative population or sample site (i.e. tributary or mainstem locations)
would give sufficient statistical rigor to address this issue using microsatellites. Such a
study should be done cooperatively between the diverse agencies involved in the
recovery of southern steelhead in this area.
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1.0
INTRODUCTION

Coastal rainbow trout, Oncorhynchus mykiss, (but called Salmo gairdneri in most of the older
literature) has both anadromous and non anadromous populations. Steelhead, an anadromous
fish, spawns in freshwater and migrates to the ocean to mature and grow. The non-anadromous
populations of this species are called resident rainbow trout. Expression of the anadromous life
history strategy is flexible: steelhead can give rise to progeny that go to sea or remain in their
natal stream, and the same is true of resident rainbow trout. Also, steelhead and resident trout
can be found together in a given stream that is open to the ocean, and are indistinguishable as
juveniles. Steelhead trapped behind impassable barriers, such as a dam, can revert to a
freshwater-resident lifestyle.
Steelhead return to their natal stream to spawn. For example, fish from Oregon rivers tend not
to interbreed with fish from more distant California streams. Over time, differences can evolve
among populations. The National Marine Fisheries Service (NMFS) has defined 15 population
groups of western United States steelhead, called “Evolutionarily Significant Units” (ESUs), on
the basis of geographic range, life histories, and genetic studies. In 1997, the NMFS listed
many of these ESUs for protection under the Endangered Species Act. The Southern California
ESU, which extends from the Santa Maria River south to Malibu Creek and includes the Santa
Ynez River, was listed as an endangered species. Southern California steelhead are presumed
to be more tolerant of warm water than steelhead from more northerly stocks because they
evolved at the southern limit of trout distribution in North America. This has led to suggestions
that steelhead/rainbow trout in southern California should be managed differently than fish of
more northern stocks, as regards its thermal tolerances.
Studies by the SYRTAC have shown that summer water temperatures in the main-stem Santa
Ynez River and portions of the tributaries can reach temperatures close to levels that are thought
to be stressful or lethal to rainbow trout/steelhead (SYRTAC 1997). Water quality guidelines,
based on general knowledge of the temperature relations of this species, were proposed with
upper limits of 20°C average daily temperature and 25°C daily maximum as providing
acceptable habitat conditions. Men daily water temperatures of 22 °C were considered
stressful. In SYRTAC studies, these guidelines have been used to evaluate habitat suitability
and to identify potentially stressful situations. Rainbow trout/steelhead in the Santa Ynez
system, however, have been observed at temperatures around 25°C, which has led to
suggestions that these fish could thrive and be healthy at temperatures higher than the proposed
guidelines.
Understanding the relationship between water temperature and fish health will be important to
the successful management of steelhead/rainbow trout in Santa Ynez River.
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The purpose of this document is first to describe the relationship between temperature and
metabolism in cold-blooded animals such as trout. We then review the scientific literature upon
which the thermal guidelines were based, and finally examine the possibility of prudent
alternatives. This information will be used as the SYRTAC develops a the fish management
plan for the Santa Ynez River which will propose management measures and indicate areas
where these would be most effective. Water temperature constraints will play an important role
in assessing potential benefits to rainbow trout/steelhead of various management actions.
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2.0
LITERATURE REVIEW

2.1

M ETABOLISM OF COLD-B LOODED ORGANISMS

Fully aquatic organisms such as fish cannot make their bodies cooler than the surrounding water.
There is generally an intermediate range of temperature at which growth and other functions are
optimized, and then as temperature rises further, first sublethal deleterious effects occur, and
finally upper limits of temperature beyond which the species cannot exist (see, e.g. Fry 1947,
1971, Brett 1956) (Figure 2-1). Fish have widely ranging upper lethal temperatures. For
example, some arctic species are known to die at upper temperatures as low as 5°C, whereas
many temperate and tropical fishes can survive at temperatures approaching 40°C (Fry 1971).
All salmonids (the family that includes salmons, trouts, charrs, and their close relatives) fall
between these extremes of upper lethal temperatures.
Cold-blooded animals adapt to changing temperatures by complex biochemical adjustments to
cellular membranes, enzymes, etc. An animal allowed to adjust (acclimate) to a warmer
temperature can survive to a higher temperature. Within the limits of temperature tolerated by a
given species, there are also non-adaptive changes to systems that simply are controlled by
temperature. For example, the work of Fry and others showed that both the resting and active
metabolic rates of an animal, as measured by oxygen consumption, would generally increase
until the upper incipient lethal temperature was reached (the temperature at which half of a
group of animals dies). This means that the animal's food requirements similarly increase, to the
point that unnaturally high food rations are required to keep the animal from starving at high
ambient temperatures. This introduces the concept of thermal resistance, or resistance to lethal
temperature. To quote Fry (1947), "(an) animal can exist, often for substantial periods of time,
at a temperature level beyond the zone of tolerance, and may frequently do so,
particularly during (daily) fluctuations." So for a number of reasons, casual observations of trout
living and feeding at temperatures in the range of 24-25°C do not necessarily mean that fish are
thriving at these temperatures. The following sampling of the literature on this subject employs
experimental and highly structured observational evidence to define upper limits and daily
average temperatures likely to be tolerated by steelhead/rainbow trout in the Santa Ynez
system.
Optimal
Lower temperatures <------------------------------------------------------> Higher temperatures
Optimal range - temperatures for best growth and reproduction
Tolerance range - fish can survive but experience some stress, may not grow and/or
may fail to reproduce
Stressful - sublethal deleterious effects occur
Lethal (both upper and lower limits) - fish dies

Figure 2-1.

Schematic Depiction of the Range of Thermal Tolerance.
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Response to high temperature can be measured by criteria that involve the death of the fish,
some behavioral or performance parameter, or a biochemical measure. Studies of temperaturerelated increases in general stress indicators (Strange et al. 1977) or more specific heat-induced
proteins in fish blood (Thomas 1990) are not well-enough advanced for the present purpose.
Therefore, in the following review, various mortality and behavioral/performance indicators will
be examined. Emphasis will be on laboratory studies of rainbow trout/steelhead in which
oxygen concentration was maintained at high values, and fish of defined size and age were
acclimated to well-defined, high temperatures. Field studies will be mentioned where they are
most appropriate to our purpose. Studies of other salmonids are mentioned but not emphasized
in this brief review.
2.2

M ORTALITY

A common mortality-based measure of upper thermal tolerance is the incipient lethal
temperature, or ILT, calculated as the temperature at which half of a group of experimental fish
will die. Because fish have a limited ability to adapt to gradually increasing temperature, ILT's
increase slightly with acclimation temperature up to an upper limit. This measure of hightemperature tolerance has not been found to vary much within a given species. For example,
Bidgood and Berst (1969) tested juveniles of four populations of rainbow trout that homed to
different streams in the Great Lakes region. Despite their presumed genetic isolation, all four
populations, acclimated to 15°C, had ILT's between 25 and 26°C under the experimental
conditions.
A similar set of experiments involved juveniles of a warm-water-adapted rainbow trout and two
hatchery strains (Kaya 1978). The warm-water strain were the descendants of rainbow trout
planted in the Firehole River in Yellowstone Park, were isolated from other populations, and
were known to inhabit reaches of the river where temperatures in summer exceeded 25°C for a
few days each summer. Although the Firehole fish tolerated elevated temperatures longer than
the two hatchery strains at intermediate acclimation temperatures, the ILT's of all fish acclimated
to 21 and 24.5°C were identical at 26.2°C.
2.3

BEHAVIOR AND PERFORMANCE

Fish can be stressed or impaired by a number of factors, including temperature, at levels that do
not actually kill the fish but that are outside the envelope of normal performance and positive
growth. Given the chance, fish will select a combination of conditions of temperature, oxygen
concentration, food availability, depth, etc., that is the best available compromise for survival
and growth (Baltz et al. 1987).
A west-coast complement to the observations of Kaya is the work of Nielsen et al. (1994),
who studied juvenile steelhead in streams where warm summer temperatures reached levels
normally considered to exceed healthy conditions for this species. In Rancheria Creek
(tributary to the Navarro River), where deep stratified pools offered cooler water with high
oxygen content, foraging in the main stem decreased and aggressive behavior increased as
temperatures rose to 22°C. At that point, fish of all sizes would take refuge in the cooler pool
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habitat for the warmest part of the day, returning to the main stream when ambient temperature
there fell back below 23°C. However, in the Middle Fork Eel River, where stratified pools
existed but had low oxygen content, juvenile steelhead were observed actively feeding in 24°C
water rather than taking refuge in the cooler pools. These observations are in accord with the
results of Cech et al. (1990), who showed that hypoxia depressed rainbow trout metabolism at
15°C, but killed the trout at 20°C.
In a classic study, Fry (1948, re-presented in Brett 1956) showed that oxygen consumption in
rainbow trout increased up to an ILT of 26°C. The higher oxygen consumption implies greater
energy requirements, which must be met by increased food consumption if the fish are to
continue to grow. More recently, Myrick and Cech (1996) tested two strains of rainbow trout
as well as Kern River golden trout (Oncorhynchus aguabonita). These studies, using modern
equipment, found lower oxygen consumption in resting fish at 25°C than at 19 or 22°C,
perhaps indicating the onset of physiological dysfunction. Follow-up work (Myrick, personal
communication) showed that these same fish, when held at 25°C and fed to satiation, did not
grow over a 30-day period.
Myrick and Cech (1996) did not measure ILT, but did find that all three strains of trout had
identical critical temperature maxima (CTM). The CTM is a useful measure of thermal
tolerance in circumstances where large numbers of fish are not available to be sacrificed. Rather
than gradually approaching a lethal endpoint, the temperature is raised more rapidly, and the
temperature at which half the fish lose equilibrium is noted. In another study employing CTM,
Lee and Rinne (1980) found that thermal tolerances of five trout species (rainbow, brown
Salmo trutta, brook Salvelinus fontinalis, Arizona Oncorhynchus apache, and Gila O.
gilae) were all essentially the same. Lee and Rinne also tested these five trout species in
fluctuating temperature regimes, wherein the temperature cycled by 6°C over a 24-hr period,
and both minima and maxima were raised by 1°C every 48 hrs until all fish lost equilibrium. The
rainbow, brown, Arizona, and Gila trout all tolerated a maximum fluctuating regime of 21-27°C,
the brook trout, 22-28°C. So in both these studies, where trout species from southern
geographic locations might have been expected to be more tolerant of high temperatures, they
were found not to differ from other salmonids as regards CMT.
Cherry et al. (1975, 1977) performed experiments in which several species of fish, including
rainbow trout and two other salmonids (brown trout and brook trout), were acclimated to
various temperatures and then introduced into an apparatus where the fish were allowed to
choose a temperature. Like ILT, the preferred temperatures of all species tended to rise as
acclimation temperature increased. However, all three of the salmonids, when acclimated to
temperatures above 20°C, preferred temperatures below the acclimation temperature. The
highest non-lethal acclimation temperature for salmonids was 24°C (the next highest acclimation
temperature used, 27°C, killed all three species).
Short-term experiments of thermal tolerance and thermal preference all leave out important
aspects of ecology and physiology that are essential to real-world trout stream management. To
contribute to the maintenance of a population, young fish must not only survive, but also grow
and mature. A measure of performance that is most applicable to fisheries management is yield
G-2-3

of a population, defined as the net balance between growth and mortality. Hokanson et al.
(1977), in a series of 50-day experiments with juvenile rainbow trout, concluded that the highest
constant temperature at which growth and mortality effects would just cancel was 23°C. They
also performed tests in which temperature was caused to fluctuate daily ±3.8°C about a mean.
At an average fluctuating temperature of 22°C, growth was not significantly different from zero,
and all fish died within ten days. The authors further noted that reports of increased trout
mortality at above-optimum (for growth) temperatures were common in the literature.
Some of the increased mortality of rainbow trout exposed to high temperatures is manifested as
delayed mortality after brief exposures. For example, Coutant (1973) demonstrated increased
susceptibility to predation in rainbows that had been exposed to high temperatures for only 20%
of the time necessary to cause observable disorientation and at only 10% of the exposure time
that resulted in 50% mortality in the range from 26 to 30 °C. Predation was not a factor in the
experiments of Hokanson et al. (1977), so presumably other deleterious effects of temperature,
such as susceptibility to pathogens or stress-related illness, lead directly or indirectly to death
over expended exposure periods.
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3.0
DISCUSSION

This sampling of the extensive literature on salmonid thermal biology can be summarized this
way:
1. Steelhead/rainbow trout, regardless of acclimation temperature, will not select water
warmer than 22°C when given the choice of suitable forage and oxygen content at lower
temperature.
2. This species, including those stocks from warm environments, has not attained an incipient
lethal temperature (ILT) greater than 26.2°C.
3. The metabolic rate of active rainbow trout (as well as other fish) increases at high
temperature, invoking high energy demands that may not be sustained in field situations.
4. There is no evidence that a steelhead/rainbow trout population can experience a net yield
(positive growth minus mortality) at daily average temperatures > 22°C.
Southern steelhead live, almost by definition, at the southern extreme of the range of the species
along the west coast of North America. It has been suggested by Bennett (1987, cited in
Nielsen et al. 1994) that high summer temperatures limit the range of all salmonids in California.
Similarly, Cech et al. (1990) speculated that rainbow trout would not occur where stream
temperature exceeded 25°C. In this review we searched for evidence that southern steelhead,
or any other genetic isolate, might possibly have evolved greater thermal resistance than other
strains of the species. Kaya (1978) did show that at intermediate acclimation temperatures, the
Firehole River rainbows had increased resistance times to elevated temperatures compared to
hatchery fish. However, the difference vanished at higher acclimation temperatures. In other
words, the Firehole fish, when held at temperatures of 17°C or higher, had no advantage over
the hatchery fish when exposed to temperatures ≥ 26°C. Southwestern trout species, Kern
River golden trout (Myrick and Cech 1996) and Arizona and Gila trout (Lee and Rinne 1980),
were not found to have increased resistance to high temperature.
Based on evidence from controlled experiments, it seems reasonable to suggest that
steelhead/rainbow trout observed actively feeding at temperatures ≥ 23°C are fish living at the
outer edge of their survival envelope. These fish are probably not growing, and in fact are likely
experiencing higher rates of mortality from direct and indirect effects of elevated temperature.
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4.0
CONCLUSIONS

SYRTAC have shown that summer water temperatures in the mainstem Santa Ynez River and
portions of the tributaries can reach temperatures close to levels that are thought to be stressful
or lethal to rainbow trout/steelhead (SYRTAC 1997). Southern California steelhead are often
presumed to be more tolerant of warm water than steelhead from more northerly stocks
because they evolved at the southern limit of trout distribution in North America. Rainbow
trout/steelhead have been observed feeding at temperatures above 25oC in the Santa Ynez
system (SYRTAC 1998 and Carpanzano 1996).
These observations suggest that
steelhead/rainbow trout in southern California have different temperature tolerances than fish of
more northern stocks, however, these observations have not been confirmed with laboratory
studies. In the physiological studies of temperature tolerance and CTM for trout, increased
resistance to high temperatures was not evident in rainbow trout even those living in very warm
environments (Lee and Rinne 1980; Myrick and Cech 1996; and Kaya 1978). These studies
strongly suggest that the upper lethal temperature for southern California rainbow trout/steelhead
may not be greater than that of other steelhead stocks (26.2°C), although southern fish may be
better able to tolerate temperatures slightly lower than these lethal limits.
To contribute to the maintenance of a population, young fish must not only survive, but also
grow and mature. A fish’s metabolic rate increases in warmer water, resulting in increased
energetic demands for oxygen and food until the upper incipient lethal temperature is reached
(Fry 1948 in Brett 1956, Brett 1971, Fausch 1984). In studies of juvenile rainbow trout,
Hokanson et al. (1977) concluded that the highest constant temperature at which the effects of
growth and mortality balance out was 23°C. They also performed tests in which temperature
was caused to fluctuate daily ±3.8°C about a mean. At an average fluctuating temperature of
22°C, growth was not significantly different from zero, and all fish died within ten days.
Water temperature guidelines, based on general knowledge of the temperature relations of this
species (e.g. Hokanson et al. 1977, Raleigh et al. 1984), have been proposed as 20°C mean
daily and 25°C daily maximum as acceptable habitat conditions. Based on Hokanson et al.
(1977), a mean daily temperature of 22°C may be a threshold between acceptable and
unsuitable from a long-term metabolic perspective. In the SYRTAC studies, these guidelines
have been used to evaluate habitat suitability and to identify potentially stressful situations, such
as in the mainstem several miles below Bradbury Dam (SYRTAC 1997).
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1.0
INTRODUCTION

Since its inception in 1993, the Santa Ynez River Technical Advisory Committee (SYRTAC)
has directed a series of monitoring efforts in Lake Cachuma, the lagoon, and the lower Santa
Ynez River and associated tributaries. The purpose of these monitoring efforts has been to (1)
develop an understanding of the rainbow trout/steelhead habitat utilization in the lower Santa
Ynez River; (2) develop flow recommendations for maintenance of public trust resources in the
lower river; and (3) develop a background from which to recommend a broad scope of
management actions to protect public trust resources in the lower river. These studies have
included: (1) water temperature and dissolved oxygen (DO) monitoring in Lake Cachuma and in
the lower river from the Stilling Basin to the lagoon; (2) habitat quality evaluations in both the
lower river and its tributaries; (3) flow requirements for fish passage in the lower river; and (4)
fish surveys in both the lower river and its tributaries (SYRTAC 1994, 1996, 1997b, 1998,
2000).
Over time, the Consensus Committee and State Water Resources Control Board recognized a
need for a longer-term study plan to provide additional technical information to policy makers.
The purpose of the long-term study plan was to provide information to (1) determine potential
management alternatives, and (2) make recommendations about which actions should be
implemented. The Consensus Committee approved a long-term study plan developed by the
SYRTAC Biology Subcommittee (SYRTAC 1997a). The plan provides the overall framework
for the SYRTAC studies, which are devoted to acquiring technical information regarding:
•

the diversity, abundance, and condition of existing public trust fishery resources within
the lower river;

•

conditions which may limit the diversity, abundance, or condition of public trust fishery
resources within the lower river;

•

non-flow measures which could be expected to improve the conditions that currently act
to limit the diversity, abundance, or condition of public trust fishery resources within the
lower river; and

•

alternatives to the existing operational regime of the Cachuma Project which could be
expected to improve the conditions that currently act to limit the diversity, abundance,
or condition of public trust fishery resources within the lower river.

Results of the monitoring program have been published in a series of data compilation reports
(SYRTAC 1994, 1996, 1997b, 1998, 2000).
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1.1 LONG-TERM M ONITORING PROGRAM GOAL
The proposed long-term monitoring program will complement the management actions outlined
in the Lower Santa Ynez River Fish Management Plan (Plan). Results of the proposed
monitoring program will be used to:
•

adaptively manage the actions recommended in the Plan (e.g., flow-related releases),

•

evaluate benefits and impacts of the Plan’s actions on downstream aquatic resources,
and

•

provide information for the long-term management of the southern ESU of steelhead.

Details of the monitoring program sampling protocols are provided in the long-term study plan
(SYRTAC 1997a) and the data compilation reports (SYRTAC 1996, 1997b, 1998, 2000).
1.2 ORGANIZATION OF THIS APPENDIX
The next section describes the actions that will be undertaken as part of the long-term
monitoring program. In addition to these actions, the monitoring described in the 1997
SYRTAC study plan (attached to this appendix) will also be continued as part of the long-term
monitoring program.
Section 3 presents the minimization and avoidance measures provided by the National Marine
Fisheries Service (NMFS) for implementation of the monitoring program. These practices have
been taken from the Biological Opinion that covers all the actions proposed in the Fish
Management Plan, including the monitoring program (NMFS 2000). Finally, Section 4
summarizes the reporting requirements included in the Biological Opinion as they pertain to the
monitoring program.
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2.0
LONG-TERM M ONITORING PROGRAM

The objectives of the long-term monitoring program are to further develop technical information
concerning:
•

the long-term patterns of diversity, abundance, and condition of existing public trust
fishery resources of the lower Santa Ynez River (with an emphasis on endangered
southern steelhead); and

•

habitat quantity and quality (including water quantity and quality) which may limit the
diversity, abundance, or condition of public trust fishery resources of the lower river.

In addition, a number of tributary enhancement measures are discussed in the Plan, and more
projects may be added as opportunities become available. Project-specific monitoring plans will
be implemented along with these projects to evaluate each enhancement measure and provide
information for future enhancement work.
A brief description of key actions or actions that have been revised from the 1997 study plan
are outlined below. Also, the long-term study plan is attached and provides additional
information on monitoring that has already been occurring in the watershed. Each action is
organized to provide the objective of each action and then a brief description of the procedures
that will be employed in the monitoring.
The SYRTAC Project Biologist, with the assistance of the Adaptive Management Committee,
will be responsible for implementation of the monitoring program. The Cachuma Project
Biological Opinion (NMFS 2000) requires the project biologist to notify NMFS of any plans
for changing monitoring locations or methods and obtain approval for these changes. The
resumes of the project biologist and those implementing the monitoring program will be
provided annually to NMFS.
Implementation of particular actions have additional project-specific monitoring requirements.
Most of these requirements are included in the description below. Minimization and avoidance
measures for construction of the tributary enhancement measures are discussed in Appendix C
(Section 4, Implementation). Construction-related monitoring is included in that discussion as
well and is not repeated below. A similar discussion of required monitoring for the fish rescue
activities is included in Appendix D (Section 3.5, Fish Rescue Plan). The Biological Opinion
also includes specific reporting requirements based on the monitoring program. These reporting
requirements are described in Section 4 of this document.
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2.1 WATER QUALITY M ONITORING
2.1.1 MAINSTEM AND TRIBUTARY THERMOGRAPH NETWORK
Objective: To determine:
•

seasonal patterns of water temperature, in both the mainstem and tributaries
downstream of Bradbury Dam;

•

diel variations in water temperature;

•

longitudinal gradient in water temperatures downstream of Bradbury Dam; and

•

vertical stratification and evidence of cool water upwelling in selected refuge pools.

Purpose: To determine if and where water quality is suitable for various fish species including
steelhead trout.
Method: There are approximately 14 mainstem thermographs deployed at various locations
throughout the mainstem Santa Ynez River, extending from Bradbury Dam down to the lagoon.
The thermograph network will continue at its present level of effort with the core mainstem
thermographs located at: Spill Basin (1), Long Pool (2), pool at mile 3.4 (2), pool at mile 6.0
(2), pool at mile 7.8 (2), pool at mile 10.5 (1), run at mile 13.9 (1), run at mile 24 (1), lagoon
(2). An additional pool habitat will be picked for a vertical array thermograph monitoring
location to increase the level of monitoring in the Alisal Reach. The additional monitoring site will
be located at approximately mile 8 downstream from Bradbury Dam. Tributary locations
include Hilton Creek (2-3), Nojoqui Creek (1), Quiota Creek (1), Salsipuedes Creek (2), El
Jaro Creek (1), and San Miguelito Creek (1). Deployment locations are in both run and pool
habitats. Run habitats have the thermograph laying on the bottom of the habitat while pool
locations generally have a vertical array with the surface connected to a float suspended 1 foot
below the surface and the bottom thermograph laying on the bottom of the habitat.
The following data will be collected at each monitoring site: time of measurements, depth of
measurements, and temperature (C).
2.1.2 DIURNAL WATER QUALITY MONITORING IN THE MAINSTEM
Objective: To identify diel fluctuations in DO.
Purpose: To assess the extent to which DO concentrations may be limiting refuge habitat.
Method: Diurnal water quality surveys will be conducted a minimum of twice per month
beginning in May and continuing through September. Measurements will be made in
consecutive run, riffle, and pool habitats at 1-foot intervals throughout the water column.
Measurements will be conducted in the core locations that have been monitored since 1997.
All mainstem monitoring locations correspond to sites where thermographs are deployed.
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Additional sites will be chosen in the Alisal Reach for more detailed monitoring. Mainstem
monitoring sites are located at: mile 3.4, mile 6.0, mile 7.8, mile 8, mile 10.5, and mile 13.9.
The following data will be collected at each monitoring site: time of measurements, depth of
measurements, temperature (C), and DO (mg/L).
2.1.3 LAKE CACHUMA TEMPERATURE AND DISSOLVED OXYGEN PROFILES
Objective: To determine at what depth in Lake Cachuma that water quality is suitable for
release through the Hilton Creek supplemental watering system (primarily temperature and DO).
Purpose: To provide the Adaptive Management Committee with the information needed to
determine the depth of the intake structure for the Hilton Creek supplementation water facility.
This action will create a historical record that documents the timing of stratification and turnover
within the lake that will be useful in future management of the system.
Method: U.S. Bureau of Reclamation (Reclamation) personnel in an aeration study conducted
between 1980 to 1984 measured temperature and DO profiles at three locations within Lake
Cachuma. Reclamation originally chose the study sites to document oxygen depletion at the
upper, middle, and lower portions of the reservoir. SYRTAC monitoring locations duplicate
those of Reclamation to the closest extent possible. All measurements will be taken quarterly
throughout the year by boat (with the boat anchored) at 1-meter intervals from the surface to
the bottom of the lake. Station #1 is located directly upstream of Bradbury Dam at the deepest
portion of the lake (lower lake); Station #2 is located within the deep river channel of Tequepis
Point (middle lake); and Station #3 is located within the deep river channel directly opposite of
the Tecolote Tunnel (upper lake).
Water quality parameters to be measured include temperate and DO.
2.1.4 SANTA YNEZ LAGOON WATER QUALITY PROFILES
Objective: To track the water quality in the lagoon by monitoring seasonal, vertical, and
longitudinal patterns.
Purpose: To provide information to assess the habitat suitability for various age classes of
steelhead to rear and/or over-summer in the lagoon.
Method: Sample locations will correspond to sites used in the past Santa Ynez River studies:
lower lagoon at Ocean Park, middle lagoon at 35th Street Bridge, upper lagoon at Santa Ynez
River inflow. Water quality profiles will be measured in May, August, November, and
February. Measurements will be conducted in the above locations at 1-foot intervals from the
surface to the bottom.
Parameters to be measured include: temperature, DO, salinity, and conductivity.
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2.2 SANTA YNEZ RIVER SANDBAR STATUS
Objective: To determine the status (open or closed) of the sandbar at the mouth of the river
and how this relates to the water surface elevation in the lagoon.
Purpose: To provide the Adaptive Management Committee with information on the status of
the sandbar at the mouth of the river so that decisions can be made regarding passage flow
supplementation.
Method: A stage recorder will be installed directly upstream of the lagoon/ocean interface and
will remotely monitor the water surface elevation of the lagoon. Data will be collected remotely
within the equipment and downloaded manually once per week to couple the equipment
readings with regular visual observations.
Parameters to be measured include: lagoon water level and status of the sandbar at the mouth of
the lagoon (open/closed).
2.3 FISHERY SURVEYS
2.3.1 TRIBUTARIES MIGRANT TRAPPING
Objective: To determine the use of the tributaries by both adult (upmigrant) and smolt
(downmigrant) rainbow trout/steelhead. Timing and abundance will be determined in the
tributaries of Salsipuedes, Hilton, and Nojoqui creeks, along with any additional tributaries
where access may be granted in the future.
Purpose: To determine fish use of the tributaries and track changes in the abundance, timing,
and distribution of the migrating fish. In addition, this monitoring, in conjunction with the
mainstem trapping, will be used to evaluate the movement of steelhead as it relates to storm
events.
MethodS : Both upstream and downstream traps will be deployed in January so that the start of
both adult immigration and juvenile emigration will be bracketed. Due to the extreme flashy
nature of the watershed, both migrant traps will be removed prior to storm events to prevent
trap loss during high flows. Traps will be re-deployed once flows recede to the point where
effective trapping can be conducted. Traps will be cleaned of debris and checked daily for
migrating fish in the morning. Traps will be checked every 4 to 6 hours. After traps are
checked for fish, field personnel will inspect the traps and panels for scour points or holes,
which will be repaired or plugged.
The following data will be collected daily: trap name, time, date, temperature, DO, and staff
gage elevation. If any migrating steelhead are captured, the following data will be collected:
length (mm), scale sample, tissue sample, brief description of migrant, photograph and measured
flow. As part of the handling protocol required by NMFS’ federal collection permit, water

I-2-4

October 2, 2000

temperatures will be measured prior to handling captured steelhead. If water temperatures are
greater than 20ºC (68ºF), captured migrants will be enumerated and immediately released
without data being collected (size estimated).
In areas where specific construction projects address passage barrier fixes, monitoring will be
conducted to evaluate the success of each project. In areas where property access is available,
migrant traps will be deployed upstream of passage fixes to determine if upstream migrating
adults are able to negotiate through the project sites. If migrant trapping is not possible, success
will be determined using bank observations (spawning surveys) or snorkel surveys to verify
presence of various age classes of steelhead.
2.3.2 MAINSTEM MIGRANT TRAPPING
Objective: To determine the timing and abundance of fish migrating in the mainstem upstream
of the Alisal Reach.
Purpose: The information will be used to refine fish passage supplementation releases (i.e., fish
travel time, the relationship of migration to storm hydrographs, flow levels required for passage).
Method: The protocol described under “Tributary Migrant Trapping” will be used for
mainstem trapping. Deployment of the mainstem trap will coincide with the lagoon opening to
accurately assess the time it takes for migrating steelhead to traverse the mainstem river.
2.3.3 REDD SURVEYS
Objective: To determine the timing, numbers, geographic distribution, and preferred flow
conditions of spawning adults in the mainstem and tributaries of the Santa Ynez River (where
access is granted).
Purpose: Redd surveys are used to provide information about the habitat preference and use
within the Santa Ynez River and also to provide information on the status of rainbow
trout/steelhead. In addition, once specific passage enhancement projects have been completed,
spawning surveys will be conducted upstream of the projects to evaluate if adult steelhead are
able to negotiate past the instream fixes.
MethodS : Redd surveys (spawning surveys) will continue at their present level of effort to
determine timing, numbers, geographic distribution, and preferred flow conditions of spawning
adults in the mainstem and tributaries of the Santa Ynez River. Spawning surveys will be
conducted bi-monthly beginning in January and continuing through May in each of the mainstem
reaches: Highway 154, Refugio, Alisal, and Avenue of the Flags, and in the tributaries of Hilton,
Salsipuedes, El Jaro, Nojoqui, and San Miguelito creeks. Spawning surveys in the mainstem
will account for nearly 10-river miles downstream of Bradbury Dam where mainstem spawning
conditions can be evaluated.
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In order to accurately describe spawning conditions in the mainstem, an inventory of the known
spawning locations will be conducted. Transects will be established across known mainstem
spawning areas (as observed during 1999 to 2000) to determine wetted width and redd
location in relation to flow conditions during the spawning season of 2001 and beyond. Redd
locations will be monitored throughout the spawning season during various flow regimes to
evaluate if flow conditions are affecting the spawning availability (i.e., are known spawning
locations above the water line at certain flows). Transects will be broken into quarters and
pebble counts (n=50/quarter) will be conducted within each quarter to accurately describe
available spawning material at different flows. Spawning gravel embeddedness will also be
evaluated. This information coupled with water inflow data into Lake Cachuma and reservoir
outflow (decay rates) will be used to determine if water releases, including those proposed to
provide for upstream migration, is affecting spawning availability. Since additional water flowing
into the river during the spawning season will positively affect steelhead, negative affects will be
determined if flow regimes are creating conditions where suitable spawning locations are above
the water line.
When conducting redd surveys, surveyors will proceed in an upstream direction. Once redd
excavations or spawning activity is identified, flagging with the date and redd number will be
attached to vegetation adjacent to the site. Length and width of the excavation will be measured
to the nearest foot. Four depth and velocity measurements will be made at the excavation: one
at the head of the excavation, and three across the egg deposition area. Additionally, surveyors
will measure the distance to the nearest instream cover likely used by the spawning steelhead
including 15- to 30-random depth and velocity measurements between the excavation site and
cover to determine if spawning steelhead are keying into certain instream cover components
and/or instream velocity preferences.
2.3.4 SNORKEL SURVEYS
Objective: To track the number of steelhead (adult, juvenile, and young-of-the-year) and other
fish in select habitat units.
Purpose: Snorkel surveys are conducted to provide information on the status of the
downstream fishery. More specifically, snorkel surveys are done to:
•

determine if successful spawning occurred by observing young-of-the-year;

•

determine presence or absence of juvenile and/or adult steelhead rearing over the
summer in the mainstem and/or tributaries of the Santa Ynez River;

•

determine geographic distribution of steelhead inhabiting the lower Santa Ynez River
downstream of Bradbury Dam;

•

document fish species composition and relative abundance in each location; and

•

document the success or failure of enhancement and restoration projects by evaluating
steelhead use of project areas over time.
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MethodS : Snorkel surveys will be conducted three times per year (June, August, and October)
in both the mainstem and tributaries. The June survey will take into account baseline conditions
(initial fish numbers) prior to the critical summer period by documenting numbers and locations
of over-summering rainbow trout/steelhead. The August survey will evaluate instream
conditions during the critical time of the year for over-summering rainbow trout/steelhead. The
October survey will evaluate the ability of rainbow trout/steelhead to successfully over-summer
in both the mainstem and tributaries of the Santa Ynez River. Cover utilization and upwelling
evidence will be recorded for all habitats where steelhead are observed. If upwelling zones are
observed, a thermograph array will be deployed in the habitat to monitor water temperature
conditions during the critical summer period.
Abundance estimates will be conducted using direct observation techniques. Depending on the
size and water clarity of the habitats to be snorkeled, one or two observers will traverse the
habitat a minimum of two times with a short 30-minute interval between each pass. The
following data will be collected: date, time, habitat number and type, number of each species by
size class (3-inch size categories) and pass, length of habitat snorkeled, average width of habitat
snorkeled, and duration of each pass.
Mainstem sample locations will include all core locations that have been sampled historically.
There are usually between four to ten pool habitats per reach, whereas under the new
monitoring plan, all pools will be sampled. In addition to the pool habitats sampled, adjacent
run and riffle habitats to the pool habitat will also be sampled. If conditions are too shallow to
allow for snorkeling, bank observations will be conducted instead of direct observations.
Tributary sample locations will include all core locations that have been sampled historically.
Any tributaries that are re-habitat typed will include the core snorkel sites in order to provide a
historic perspective with respect to steelhead usage. New tributaries or areas where access
may be granted will be habitat typed, and a table of random numbers will be used to select
pools, riffles, and runs to be sampled.
2.4 HABITAT M ONITORING
2.4.1 PROPER FUNCTIONING CONDITION (PFC)
Objective: To determine the proper functioning condition of the mainstem and tributaries
downstream of Bradbury Dam where enhancement actions may take place.
Purpose: To determine location enhancement measures likely to succeed (i.e., be durable).
When streams are functioning properly, they can withstand 25- to 35-year floods and recover
from them quickly. Enhancement measures constructed in reaches that are not properly
functioning are more likely to be damaged or washed-out in storms. A PFC analysis will help
the Adaptive Management Committee determine the benefit of enhancement measures in a
particular reach of stream (i.e., purchase conservation easements, identify locations where
riparian planting might be useful).
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Method: The PFC methodology is an interdisciplinary approach whose team members include
watershed specialists, geomorphologists, biologists, hydrologists, riparian ecologists, and soil
scientists. A SYRTAC team has been trained in the use of PFC. The PFC inventory may be
conducted in the lower Santa Ynez River and its tributaries where access is granted. Where
access is unavailable, attempts would be made to conduct the PFC analysis from aerial
photographs. A PFC analysis will be conducted in new reaches where tributary enhancements
are proposed as future opportunities become available.
2.4.2 HABITAT INVENTORY
Objective: To determine the distribution, abundance, and quality of mesohabitats (i.e., pool,
riffle, and run), and how the various age classes of rainbow trout/steelhead utilize them.
Purpose: The purpose of the habitat typing will be to:
•

track changes in overall habitat distribution in various reaches of the Santa Ynez River
and tributaries, and

•

identify snorkel survey locations to monitor distribution, abundance, and survival of
over-summering rainbow trout/steelhead.

Method: Mainstem and tributary habitats will be inventoried every two to three years to
monitor changes in overall mesohabitat distribution (i.e., the number of pools, riffles and runs).
If significant storm events occur that alter the habitat composition along specific study reaches,
then the habitats will be inventoried again that year. Habitat typing will use a Level III
classification as described in the California Department of Fish and Game (CDFG) Salmonid
Stream Habitat Restoration Manual (Flosi et al., 1998). Habitat types will be identified by
riffle, run, and pool (scour and dammed), and glide.
•

Riffles are characterized by turbulent flow with a typical coarser substrate than units
directly upstream or downstream. Substrate is usually cobble dominated, some of
which may be partially exposed.

•

Runs are fast water areas with shallow gradient, typically with a substrate ranging in size
from gravel to cobble with no major flow obstructions. Runs are usually deeper than
riffles and appear to have little or no turbulent flow.

•

Scour pools are characterized by areas of sediment removal, slow water velocities, and
a highly variable substrate with the greatest depth typically at the head or middle of the
pool. Dammed pools are characterized by the material causing the impoundment.
These pools are typically deepest at the tail of the pool, have more fines than scour
pools, and fill with sediment at a more rapid rate.

•

Glides are characterized by a uniform channel bottom, low to moderate flow velocities,
and little or no turbulent flow. Substrates are usually cobble, gravel, and sand.
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Additional information that will be collected includes: habitat unit length, width, depth, maximum
depth, residual pool depth, percent instream shelter, percent total canopy, right and left bank
dominate vegetation types, and any relevant comments with respect to landmarks, landslides,
barriers, or changes in channel substrate.
2.4.3 HILTON CREEK HABITAT MONITORING
Objective: To determine the quantity of available habitat for rainbow trout/steelhead in Hilton
Creek as it relates to flow.
Purpose: The Hilton Creek watering system provides the capability to manage the flows in this
creek. Determining the relationship between flow level and habitat will provide the Adaptive
Management Committee with information necessary to properly manage these releases.
Method: In order to accurately characterize the available habitat, transects will be installed
every 100 feet through the lower 1,300 feet of Hilton Creek (downstream of the cascade/chute
passage impediment). A minimum of five to ten depth and velocity measurements will be taken
across the transect to establish a profile of the wetted channel. Transect measurements will be
taken at approximately 1 cubic-feet-per-second (cfs) flow intervals from 1 cfs to 10 cfs to
provide the data necessary to evaluate the habitat availability. This study will take advantage of
natural and supplemented changes in flow rate to determine the flow versus habitat relationships.
Flow from the Hilton Creek watering system will not be specifically modulated for this study.
The following data will be collected: flow, habitat type, wetted width, and a minimum of five
depth and velocity measurements across each transect.
2.5 WATER RIGHTS RELEASES (WR 89-18) M ONITORING
2.5.1 STEELHEAD MOVEMENT DURING WR 89-18 RELEASES
Objective: To determine if rainbow trout/steelhead are moving downstream in response to
water rights releases.
Purpose: To determine if further measures need to be taken to protect steelhead during these
releases.
Method: Snorkel surveys will be conducted to determine numbers and species composition at
sites known to contain rainbow trout/steelhead both upstream and downstream of the Alisal
Reach. A study plan will be created and provided to NMFS for review and approval. After
NMFS has approved the study plan, it will be implemented for the subsequent 3 years of water
rights releases. The result of implementation will be reported each year to NMFS.
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Surveys will occur before and after the peak release levels for WR 89-18 releases. Surveys
will also occur in the same locations after the releases have ended. Such surveys will be
conducted during all water rights releases events in the first three years after the Plan is adopted.
Abundance estimates will be conducted using direct observation techniques. Depending on the
size and water clarity of the habitats to be snorkeled, one or two observers will traverse the
habitat a minimum of two times with a short 30-minute interval between each pass.
The following data will be collected: date, time, habitat number and type, number of each
species by size class (3-inch size categories) and pass, length of habitat snorkeled, average
width of habitat snorkeled, and duration of each pass.
2.5.2 WR 89-18 RAMPING RATE
Objective: To determine if the ramping rate for water rights releases meets the “less than 1inch change in stage per hour” criteria generally accepted for steelhead.
Purpose: To determine if the ramping rate needs to be revised to meet the generally accepted
standard for protecting steelhead.
Method: The relationship between flow, stage, and wetted width during ramping events, and
the next WR 89-18 release will be studied. A single transect and staff gages will be established
at two locations within the mainstem. The locations are as follows:
•

directly downstream of the Stilling Basin, and

•

approximately 3.5 miles downstream of Bradbury (Refugio Reach).

Transects will be established in run habitats. Once flow decreases are initiated, field personnel
will man each transect location, recording measurements every 15 minutes to establish the
change in wetted width and depth over time.
The following data will be collected: time, wetted width, and staff gage depth.
2.6 TRIBUTARY ENHANCEMENT PROJECT SPECIFIC M ONITORING
Objective: To determine:
•

the ability of fish to migrate through fish passage modifications;

•

fish use of the habitat upstream and downstream of fish passage structures; and

•

fish use of habitats created, protected, or enhanced.

Purpose: To determine that fish passage structures are functioning according to design (i.e.,
hydrological monitoring) and provide information on any maintenance requirements. The results
of this monitoring may also be used in refining the design of future enhancement actions.
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Method: As each enhancement project is implemented, a project-specific monitoring plan will
be developed.
2.7 TARGET FLOW COMPLIANCE M ONITORING
Objective: To monitor the flow levels in the Santa Ynez River at the Highway 154 and Alisal
Road bridges.
Purpose: To determine to what degree the target flows are being maintained at the Highway
154 and Alisal Road bridges, and to be used in the passage flow supplementation releases.
Method: Flows in the Alisal Reach will likely be monitored by the U.S. Geological Survey
(USGS) Solvang gage. Modifications to this gage will be necessary to improve its ability to
monitor low flows. This gage will also be used for the passage flow supplementation
monitoring. Habitat maintenance flow targets have been established at the Highway 154 Bridge,
where there was formerly a USGS gaging station. A number of options for monitoring the
Highway 154 target flow compliance are being explored. The Member Units are in discussion
with CalTrans, which has an easement at the Highway 154 Bridge, to allow access for gage
installation and monitoring. In the interim, monitoring of the flow level at this site will occur
weekly when flows have receded to the target flow levels. Flow will be monitoring using a
standard protocol. A staff gage can be used to monitor flow once the water surface elevation to
flow relationship has been developed and verified for at least one rearing season. Monitoring of
the residual pool depth in the Refugio and Alisal reaches will occur if conditions warrant
implementation of this action. Monitoring will occur weekly by reading the water surface
elevation off a staff gage installed in representative pool habitats.
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3.0
M INIMIZATION AND AVOIDANCE M EASURES

Some of the actions in the monitoring program, such as migrant trapping, snorkel, and bank
observations, involve take of endangered steelhead. These actions will be conducted such that
impacts to rainbow trout/steelhead are minimized. Such minimization measures are outlined in
the current sampling permit held by the SYRTAC Project Biologist and the Cachuma Project
Biological Opinion (NMFS 2000). Those from the Biological Opinion have been reproduced
below verbatim (from Term and Condition #11):
•

All ESA-listed fish handled out-of-water for the purpose of recording biological
information must be anesthetized. Anesthetized fish must be allowed to recover
(e.g. in a recovery bucket) before being released. Fish that are simply counted must
remain in water but do not need to be anesthetized.

•

ESA-listed fish must be handled with extreme care and kept in water to the
maximum extent possible during sampling and processing procedures. Adequate
circulation and replenishment of water in holding units is required. The transfer of
ESA-listed fish must be conducted using a sanctuary net that holds water during
transfer to prevent the added stress of an out-of-water transfer.

•

ESA-listed juvenile fish must not be handled if the water temperature exceeds 21
degrees Celsius (70 degrees Fahrenheit) at the capture site. Under these
conditions, ESA-listed fish may only be identified and counted. If any adult ESAlisted fish are captured incidental to sampling for juveniles, they must be released
without further handling, and such take must be reported.

•

Visual observation protocols (such as snorkeling and stream side surveys) must be
used instead of intrusive sampling methods whenever possible. This is especially
appropriate to ascertain whether steelhead are merely present.

•

If there is any indication that the survival of ESA-listed fish will be affected by
increasing water flows or other conditions, the traps must be removed from use until
hazardous conditions have elapsed.

•

Due caution must be exercised during spawning ground surveys to avoid disturbing,
disrupting, or harassing ESA listed adult steelhead when they are spawning.
Whenever possible, walking in the stream must be avoided, especially in areas
where steelhead are likely to spawn.

•

Tissues of ESA listed steelhead are the responsibility of Reclamation and remain so
as long as they are useful for monitoring the effects of the Cachuma Project. The
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transfer of tissues from Reclamation on other entities requires written approval from
NMFS.
•

Traps and live boxes must examined every 4-6 hours, at minimum to minimize delay
and harm to steelhead. Reclamation shall redesign the migrant traps to provide
additional habitat space for adult steelhead waiting to be released, prevent access
by predators and prevent tampering by non-authorized persons. Trap design and
staffing procedures are subject to NMFS approval.
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4.0
REPORTING REQUIREMENTS

The purpose of the monitoring program is (1) to provide data to the Adaptive Management
Committee for implementation and evaluation of the actions proposed in the Plan and (2) to
provide information for the long-term evaluation of the program. Formal reporting requirements
have not yet been developed for these purposes. However, in addition to those needed for
internal implementation and evaluation of the Plan, there are a number of reporting requirements
included in the Cachuma Project Biological Opinion (NMFS 2000). The Project Biologist and
the Adaptive Management Committee will be responsible for providing the required information
to NMFS. A list of the required reports is found below.
Where quotations exist, the text was taken directly from the Cachuma Project Biological
Opinion (NMFS 2000) unless otherwise noted.
•

The result of the study to determine the habitat versus flow relationships in Hilton Creek
(see Section 2.4.3 above) will be reported to NMFS in each year the study is conducted.
Term and Condition #2 (item 2)

•

The result of the monitoring of the downstream water rights releases (see Section 2.5
above) will be reported to NMFS in each year monitoring occurs. Term and Condition
#6 (item B) and #7 (item 2)

•

“yearly reports (unless otherwise noted) that include the data taken each year and
preliminary data analysis. Especially important for monitoring the effects of the Cachuma
Project will be monitoring of: steelhead movement during migration supplementation,
successful access, spawning, and rearing of steelhead in previously inaccessible and/or
access restricted tributary habitat, and mainstem flow targets and the condition of steelhead
in the mainstem.” Term and Condition #11 (item 1)

•

“NMFS shall receive quarterly reports detailing water releases for fish and the achievement
of flow targets (and pool surface areas) during the interim period (until the 3.0 surcharge is
achieved) and for the first three years of long term operations. In later years, these reports
may occur on a yearly basis.” Term and Condition #11 (item 6)

•

“plans for changes in monitoring locations and methodologies and obtain approval from
NMFS prior to implementation.” Term and Condition #11 (item 7)

•

“identify to NMFS the personnel designated to conduct the monitoring activities described
in this opinion prior to each monitoring season and confirm their experience through resumes
or other evidence of their accomplishments.” Term and Condition #11 (item 8)
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•

“If water releases to the mainstem and/or Hilton Creek fail, NMFS will be contacted
immediately and Reclamation shall relocate any steelhead that may become stranded to
appropriate habitats.” Term and Condition #12 (item 1)

During the construction phase of implementing the enhancement projects, specific monitoring is
to be conducted by the Project Biologist. A description of the best management practices for
these construction projects is included in Appendix C. Below are the construction-related
reporting requirements (Term and Condition #8, items 13, 17, 18, and 19) as quoted from
the Biological Opinion (NMFS 2000):
•

“Reclamation’s fisheries biologist shall contact NMFS fisheries biologist Darren
Brumback (562-980-4026) immediately if one or more steelhead are found dead
or injured. If Darren Brumback is unavailable Reclamation shall immediately
contact NMFS Protected Resources Division at 562-980-4020. If no one at
Protected Resources is available, Reclamation shall immediately contact NMFS’s
Office of Law Enforcement at 562-980-4050. The purpose of the contact shall be
to review the activities resulting in take and to determine if additional protective
measures are required. Reclamation will need to supply the following information
initially: The location of the carcass or injured specimen, and apparent or known
cause of injury or death, and any information available regarding when the injury or
death likely occurred.”

•

“provide a written monitoring report to NMFS within 30 working days following
completion of any work activity. The report shall include the number of steelhead
killed or injured during the work activity and biological monitoring; the number and
size of steelhead removed; and photographs taken before, during, and after work
activity.”

•

“provide a written report to NMFS describing the results of the revegetation task within
30 working days following completion of revegetation. The report shall include a
description of the locations planted or seeded, the area (m2) revegetated, a plant
palette, planting or seeding methods, proposed methods to monitor and maintain the
revegetated area, performance or success criteria, and pre- and post-planting color
photographs of the revegetated area.”

•

“provide a written report to NMFS describing the results of the vegetation monitoring
within 30 working days following completion of each fall inspection. The report shall
include the color photographs taken of the work area during each inspection and before
and after implementation of the work activities, and estimated percent of exposed soil
remaining within each area affected by the work.”

During predator removal projects associated with fish rescue activities, specific monitoring
(see Appendix D, Fish Rescue Section) and reporting requirements (below) have been
included by NMFS (Term and Condition #9, items 1, 3D & 3F) :
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•

From the letter cited in the Biological Opinion - NMFS 1998: “The report shall contain
descriptions of the following:
•

Specific description of the removal/relocation activities performed.

•

Number of steelhead removed from the project area and the number
transferred to each relocation site.

•

Number of steelhead killed or injured during the removal/relocation.

•

Description of any problems encountered during the project or when
implementing special conditions.

•

Any effect of the project on steelhead that was not previously considered.”

•

“Reclamation’s fisheries biologist shall contact NMFS fisheries biologist Darren
Brumback (562-980-4026) immediately if one or more steelhead are found dead or
injured.” If Mr. Brumback is unavailable, then follow the same protocol identified under
the first bullet under construction.

•

“provide a written report to the NMFS within 4 weeks following completion of the
proposed action. One report shall be submitted to the NMFS for each year that the
project action is implemented. The report shall include the number of steelhead
observed, handled (captured, collected, trapped), killed and injured during the
proposed action; the estimated size of individual steelhead observed, handled, injured,
or killed; a map delineating the location(s) where steelhead were observed or handled; a
description of any problem encountered during the project or when implementing terms
and conditions; and, any effect of the proposed action on steelhead that was not
previously considered.”
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APPENDIX I
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PROPOSED INVESTIGATIONS TO DETERMINE
FISH–HABITAT MANAGEMENT ALTERNATIVES
for the
LOWER SANTA YNEZ RIVER,
SANTA BARBARA COUNTY

1997 UPDATE

Prepared by
SANTA YNEZ RIVER TECHNICAL ADVISORY COMMITTEE
BIOLOGY SUBCOMMITTEE

JUNE 1997

PREFACE
The waters of the Santa Ynez River are put to a variety of uses, including the maintenance
of public trust resources both within Lake Cachuma and downstream of Bradbury Dam, as well as
consumptive urban and agricultural uses within the Santa Ynez Valley and along the coastal plain
encompassing the City of Santa Barbara and its urban environs. Since 1993, the U.S. Bureau of
Reclamation, California Department of Fish and Game (DFG), U.S. Fish and Wildlife Service
(FWS), and various water project operators have been party to a “Memorandum of
Understanding (MOU) for Cooperation in Research and Fish Maintenance” on the Santa Ynez
River, downstream of Bradbury Dam (“lower river”). Parties to the MOU maintain a Technical
Advisory Committee (TAC) whose ultimate goal is to “develop recommendations for long term
fishery management, projects and operations” in the lower river.
The TAC was established in response to State Water Resources Control Board (SWRCB)
actions dealing with Bradbury Dam and the lower Santa Ynez River that culminated in the
SWRCB requesting flow recommendations for maintenance of public trust resources in the lower
river. It was also established to broaden the scope of management options potentially available to
protect public trust resources within the lower river, to attempt to accommodate the needs of all
interested parties, and ultimately develop mutually acceptable management actions. Since 1993,
the TAC has worked from year to year to undertake a variety of studies of the lower river. These
studies have included: (i) water temperature and dissolved oxygen (DO) monitoring in Lake
Cachuma and in the lower river from the stilling basin below Bradbury Dam to the lagoon; (ii)
habitat quality evaluations in both the lower river and its tributaries; (iii) flow requirements for
fish passage in the lower river; and (iv) fish population surveys in both the lower river and its
tributaries (SYRTAC 1994, 1995).
Over time the parties and the SWRCB recognized a need for a longer-term study plan to provide
additional technical information to policy makers. In March 1996 the Consensus Committee
approved a long-term study plan developed by the TAC Biology Subcommittee (SYRTAC 1996).
The plan provides the overall framework for the TAC studies, which are devoted to acquiring
technical information regarding:
1. The diversity, abundance, and condition of existing public trust fishery resources
within the lower river;
2. Conditions which may limit the diversity, abundance, or condition of public trust
fishery resources within the lower river;
3. Non-flow measures which could be expected to improve the conditions that currently
act to limit the diversity, abundance, or condition of public trust fishery resources
within the lower river; and
4. Alternatives to the existing operational regime of the Cachuma Project which could be
expected to improve the conditions that currently act to limit the diversity, abundance,
or condition of public trust fishery resources within the lower river.
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The studies described herein are designed to develop the information necessary for the
TAC to recommend measures that will be considered and evaluated by the Consensus Committee.
The Consensus Committee will then recommend specific management measures to the SWRCB
for the purpose of achieving a reasonable allocation of Santa Ynez River water between public
trust resources and competing consumptive uses consistent with the goals and objectives outlined
below.
The 1996 study plan promoted the continuation of some ongoing investigations, cessation
of studies that have already provided sufficient information within the context of this plan,
addition of investigations required to augment existing information, and implementation of
investigations necessary to support the analytical component of this plan’s objectives. To assist in
the overall planning process and management of the study program, the 1996 MOU required the
compilation, synthesis, and analysis of information collected on the fisheries resources and habitat
conditions during the 1993-1996 study period, which was presented in the Synthesis Report
(SYRTAC 1997).
In light of the Synthesis Report’s findings, the Biology Subcommittee organized several
technical meetings in early 1997 to further develop and make fine-grained course corrections to
the TAC studies. The meetings addressed technical issues of the TAC studies, such as the impact
of lack of access to certain areas, development of habitat-flow relationships, protocols for field
studies, and identification of potential management actions. This 1997 update of the long-term
study plan incorporates the recommendations from these meetings.
As stated above, the ultimate goal of the cooperative effort is to develop management
recommendations in preparation for the SWRCB hearing in the year 2000. It is therefore
necessary to focus the studies on collecting data that will address environmental issues and aid
development and evaluation of alternative management actions. Identification and preliminary
assessment of potential management actions is underway in the Management Alternatives Report.
This will highlight areas where data are sufficient and other areas where data are inadequate to
evaluate the potential biological benefits associated with the management actions. The iterative
process of refining and updating the long-term study plan will allow development of specific
studies and opportunistic experiments to address these gaps.

GOALS AND OBJECTIVES
STUDY GOAL
The goal of this study is to identify reasonable flow and non-flow measures that will
improve habitat conditions for fish populations in the lower Santa Ynez River within the context
of overall management objectives and competing demands on the Santa Ynez River.
STUDY OBJECTIVES
The study objectives are to develop technical information concerning:
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1.

The diversity, abundance, and condition of existing public trust fishery resources of
the lower Santa Ynez River;

2.

Conditions – habitat quantity and quality, including water quantity and quality –
which may limit the diversity, abundance, or condition of public trust fishery
resources of the lower river;

3.

Non-flow measures which could be undertaken to change existing conditions that
act to limit the diversity, abundance, or condition of public trust fishery resources
within the lower river; and

4.

Alternative flow regimes for the Cachuma Project which could be expected to
change the conditions that currently act to limit the diversity, abundance, or
condition of public trust fishery resources within the lower river.
MANAGEMENT OBJECTIVES

Identification and evaluation of potential alternative management actions will be based, in
part, on the following objectives:
1.

Improve habitat conditions to maintain fish populations in good condition;

2.

In particular, protect, maintain, and improve habitat conditions for species listed
under the State and Federal endangered species acts or identified as California
Species of Special Concern;

3.

Improve the availability and suitability of stream corridor and channel habitat for a
diversity of species of fish and wildlife.

Alternative management recommendations will be developed and evaluated in context
with other management objectives for the river. The comparative feasibility of various alternative
management actions in achieving these management objectives will be evaluated with respect to
the following criteria:
•

The proposed management action has a high probability of achieving the desired
benefit;

•

The management action can be reasonably implemented considering the constraints
imposed by natural hydrologic conditions.

GENERAL APPROACH
Several study elements are proposed to obtain data on habitat conditions and fisheries
resources in the lower Santa Ynez River. These include describing and monitoring physical
habitat and monitoring water quality (temperature and dissolved oxygen) under varying flow
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conditions; modeling habitat-flow relationships and water temperature; surveying habitat use by
fish; and determining population stock structure of rainbow trout/steelhead.

Habitat and fish use information will be developed using a stratified sampling approach. Strata
will be based upon large-scale features, such as gradient, substrate and accretion (reaches), and
small-scale geomorphological features (habitat types). The studies of stream habitat fall into three
approaches (typing, characterization, and modeling) and two types of data (monitoring and
experimental/opportunistic), as depicted in the table below. Habitat typing is important for
determining the analytical structure of the TAC studies. Characterization of conditions, both
currently existing and under experimental variations, will provide empirical habitat information,
which will also be used to supplement modeling efforts.
Approach
Typing

Characterization

Modeling

Type and objectives of habitat data
Describing current conditions
Experimental conditions
Determine habitat units to provide
context for habitat sampling units
(Job 1)
Field studies of habitat-flow relationships
Monthly habitat monitoring
How do conditions change with flow?
(e.g. depth, width) (Job 3)
(opportunistic site-specific observations at
Temperature monitoring (Job 4)
different flow conditions)
(Jobs 3, 4, 5 and 6)
Modeling habitat-flow relationships How
do habitats respond to changes in flow?
(Job 3)

Habitat conditions and fish use will be monitored in various channel conditions, or habitat
types, in each reach under different flow regimes. Different flow regimes could result from
natural variation in hydrology, WR 89-18 releases, Fish Reserve Account releases, and potential
modifications in routine operations at Bradbury Dam. Flow-habitat modeling sites will be
selected from habitat types based upon function. Surveys of habitat availability and fish use (e.g.,
species composition, diversity, abundance, condition, and reproductive success) will include both
the lower Santa Ynez River main stem and major tributaries. Genetic analysis of
steelhead/rainbow trout will help determine stock origins of fish from different regions of the
lower river basin.
The relationship between habitat quality and quantity and instream flow will be determined
by integrating channel conditions and fish use information within the framework provided by a
flow-habitat model. The Physical Habitat Simulation model (PHABSIM), developed by the FWS
(Bovee 1982), will be used to relate fish use and habitat quantity and quality to flow. The study
plan will also monitor and model stream temperature, in addition to monitoring other water
quality parameters such as dissolved oxygen that affect habitat quality.
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Based upon results of the proposed fisheries and water quality studies , various alternative
management strategies can be developed and the associated biological benefits, operational
feasibility and constraints, and potential adverse impacts to public trust resources and water
supplies of the Santa Ynez River system can be evaluated. Results of these technical studies will
provide the necessary foundation for developing a reasonable and balanced management program
for the Santa Ynez River.
STUDY PLAN
JOB 1.

Stream reach and habitat inventory
OBJECTIVE: To identify major stream reaches and determine distribution, abundance
and quality of mesohabitats (e.g., riffles, pools, etc.) throughout the lower Santa Ynez
River and selected tributaries.
PURPOSE: This information will be used to systematically subsample habitats within
stream reaches for detailed investigation of fish-habitat relationships and to identify habitat
quality with the potential for habitat restoration.
PROCEDURES: Two levels of stratification will be used to inventory available habitat
throughout the lower main stem and tributaries. The first level consists of determining the
major reaches of the main stem with regard to channel morphology. The TAC has already
broken down the main stem into three major reaches for the fish passage study conducted
in May 1995. These reaches correspond approximately to those described by Shapovalov
(1946) with regard to substrate quality and steelhead/trout spawning: mouth to
Salsipuedes Creek, Salsipuedes Creek to Solvang, Solvang to Bradbury Dam, with
substrate quality increasing from downstream to upstream. Aerial photos will be
reviewed, especially for regions where ground access is not available, as in the Highway
154 reach. Each tributary1 will also be divided into major reaches, e.g. a high-gradient,
boulder-controlled upper section vs. a low-gradient, alluvial lower section.
The second level of stratification consists of geomorphic habitat typing. Habitat
types will be determined in each reach of the mainstem and selected tributaries. A
modified DFG habitat survey methodology (Flosi and Reynolds 1991) will be used where
the principal habitat component is mesohabitat, i.e., pool, riffle, run, etc. Habitat typing of
the main stem and large tributaries such as Salsipuedes will be done by DFG staff using
the aerial photographs taken in April 1995 and November 1996 as well as photos from
T.R. Payne’s 1992 survey.. Individual habitat units will be numbered from downstream to
upstream. DFG staff will ground truth the mainstem during WR 89-18 releases and will
train the TAC project biologist in habitat typing methods. The TAC biologist will habitat
type the tributaries. While ground truthing selected units, data on habitat attributes will be

Tributaries included for consideration based upon preliminary survey results dealing with flow and other habitat
attributes are Alisal, Hilton, Nojoqui, Quiota, Salsipuedes-El Jaro, and San Miguelito creeks.
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collected following the instructions in Appendix 1. Potential passage barriers will be
identified during the field surveys.
Data from these surveys will be compared with past surveys done by Tom Payne and for
the EIR/EIS.
SCHEDULE: Habitat typing of the main stem from photographs, and ground truthing of
selected units in the mainstem and selected tributaries, will be done during June-July
1997.
JOB 2.

Habitat function as reflected by fish use
OBJECTIVE: Identify species abundance, diversity and spatial and temporal distribution,
and the potential function of available habitats within the mainstem Santa Ynez River and
its tributaries with regard to spawning, rearing, and migration.
PURPOSE: This information will be used to evaluate the habitat representation of the
transects for modeling flow-habitat relationships (PHABSIM) and determine habitat
condition including potential for restoration. The migration component will also
determine influences of flow and habitat condition on fish movement. Results of these
surveys will also provide data on the species composition, abundance reproductive success
and condition of the fish populations inhabiting the Santa Ynez River downstream of
Bradbury Dam.
PROCEDURES AND SCHEDULES: A table of random numbers will be used to select
four pools, and a minimum of three riffles and three runs, from each reach. These units
will be sampled systematically to assess their function as spawning and rearing habitat.
Spawning
Selected habitat units in the mainstem and selected reaches in the tributaries will be
monitored once every two weeks from December through May, when flow conditions
provide for migration and spawning. Key tributaries for sampling include Salsipuedes, El
Jaro, San Miguelito, and Hilton Creeks, and possibly Alisal and Quiota Creeks if access is
granted. During wet years when the extent of potential spawning habitat is greater, it may
be necessary to subsample in the tributaries. Units will be checked for spawner use/nonuse by looking for spawning activity or recently constructed redds. The location of redds
will be marked with rebar and flagging. Water depth and average column velocity will be
measured at three locations over undisturbed gravel adjacent to the redd.
Rearing
Monthly snorkel surveys to assess distribution and abundance of fish were
conducted in the mainstem from August 1995 to September 1996. The Biology
Subcommittee recommended continuing the surveys, but at a lower level of
effort.Abundance estimates will be made for each fish species in each unit twice a year:
once in June when young-of-the year fish are available and once in October after the
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period of low summer flows, high temperatures and potentially low DO. This will be done
each year to census relative abundance of fish in the system.
Abundance estimates in pools and runs will be made by direct observation
(Helfman 1983), when appropriate. Each unit will be traversed by snorkeling at least
twice with a minimum of two observers. Each observer will be assigned a “sample lane,”
the width of which is dependent on water clarity. Lane width will be determined using the
“fish-on-a-stick” method. A 10 cm long facsimile of a fish will be attached to the end of a
stick and gradually moved away from the underwater observer until the fish disappears.
The distance from the observer to the point where the fish reappears is the maximum lane
width. Lane width can be narrower than the maximum if the total habitat unit width is less
than the sum of the designated lanes; i.e. (no. observers * maximum lane width) < (total
habitat unit width). Observers maintain proper lane width and traverse the habitat, from
downstream to upstream, counting fish by species and estimating actual size, within their
respective lanes. At least two passes will be made with a short (30 minute) interval
between passes.
The following data will be collected: date; time; reach; habitat number and type;
specific location; no. of each species by size class, by pass, and by lane; length of habitat
sampled; lane width, maximum lane width (fish-on-a-stick distance), and number of lanes;
and duration of each pass.
Lagoon Trapping
The lagoon may provide rearing and refuge habitat for steelhead. Passive traps
(e.g. hoop nets) will be deployed in three different seasons to sample for steelhead. Six
traps will be deployed throughout the lagoon to assess the presence of juvenile and adult
rainbow trout/steelhead. The general principle is that fish swimming in the lagoon will
encounter vertical panels (lead net or wing nets) that will cause the fish to turn and swim
along the net. The fish will be directed to the mouth of the trap and funneled through a
small opening into the hoop net section of the trap. The hoop net section has a series of
small openings that allow the fish to enter but make it difficult for the fish to find their way
back out. Once past the small openings in the hoop nets, the captured fish swim freely
within the back holding area of the hoop net portion of the trap until they are removed.
The three traps will be deployed three times during the year for one-week periods.
Trapping will occur during the following seasons:
1.

Winter shortly after the lagoon mouth is breached (December or January)

2. Spring when juveniles migrate downstream (April-May)
3. Fall after the summer rearing period (September-October)
The traps will be distributed throughout the lagoon. Trap placement may be
adjusted in seasons when directional movement by steelhead could be expected. For
example, two traps may be placed side by side in the upper end of the lagoon,
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approximately 0.5 miles upstream of the 35th Street bridge. At this location, one trap
would face upstream and the other trap would face downstream. The side panels would
form a barrier across a majority of the width of the lagoon to ensure capture of fish
moving upstream and downstream.
The traps will be checked on a daily basis during each of the trapping periods.
Checking of the traps will involve lifting up and opening the end portion of the hoop net.
After removal of the captured fish, the end portion of the trap will be lowered back into
the lagoon. All fish captured will be identified. The fish will be held in buckets of water
filled from the lagoon awaiting data collection. Data collected for rainbow trout/steelhead
will include fork length (mm), weight, description of appearance, scale and tissue samples.
All fish will be released back into the lagoon. Life stage will be classified using the
following criteria. Fry are newly-emerged fish, typically with at least a vestige of their
yolk sac (“unzipped” or not “buttoned up”). Parr are darkly pigmented fish with
characteristic oval- to round-shaped parr marks on their sides. Silvery parr have faded
parr marks and a sufficient accumulation of purines in the scales to produce a silvery, but
not fully smolted, appearance. Smolts have highly faded parr marks, or lack them
altogether, a bright silver or nearly white color, and deciduous scales. During November–
June, trout will be checked for ripe gonads by applying pressure to the abdomen. If milt
or ova are extruded, the corresponding sex of the fish will be recorded. Scales will be
collected from all adult trout and processed by TAC biological subcommittee
representatives to evaluate life-history traits (e.g., growth, migratory history, etc.). A
tissue sample (an approximately 1 cm piece) will be collected from the right pectoral fin,
half for genetic analysis and half for the DFG regional biologist to archive.
Migration
Adult and juvenile steelhead/trout movements in relation to flow conditions will be
monitored at key locations throughout the lower river system. Two-way trapping will be
conducted on the main stem at a suitable location between the lagoon and Solvang (Alisal
Reach); that is, downstream from the predicted primary spawning area. Additional
opportunities for deploying another mainstem trap will be investigated. Two-way trapping
will also be conducted in Hilton, Salsipuedes, El Jaro, Alisal, Nojoqui, Quiota, San
Miguelito, and Alamo Pintado creeks, depending on stream flows and access to property.
Trap deployment in the mainstem and tributaries begins with the onset of the
winter storm season. The first few storms typically do not create much runoff, but simply
“charge up” the water shed. Once the watershed is charged, runoff from storms can be
very flashy (i.e. high flows but short duration). Due to these flashy flows, both upstream
and downstream migrant traps will be removed from the stream prior to or during the
onset of rain to prevent loss of traps in high flows. Traps will be redeployed immediately
following peak flow events. Traps will be installed before 1 January so that the start of
both adult immigration and juvenile emigration will be bracketed. Tributaries will
continue to be trapped into summer until trout movements cease. A staff gage will be
installed near each tributary trap, and discharge will be measured at various flow levels to
develop a standard curve. The mainstem trap will be maintained for as long as flow is
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continuous to monitor trout movement during the rainy season, and WR 89-18 and
experimental Fish Account releases.
The mainstem and tributary traps will be checked once or twice daily, depending
on debris load and weather conditions. Field personnel first check the contents of the trap
for any fish. If no migrants are captured, personnel will remove debris from the trap and
panels to prevent accumulation of debris. Traps will be inspected for scour points and
“holes,” which will be repaired or plugged.
The following data will be collected each time a trap is checked: trap name or
number; starting and ending date and time of trapping; staff gage elevation; and estimated
proportion of flow fished by the trap. Each rainbow trout/steelhead captured will be PIT
tagged (tagging protocol is under review). PIT tagging will facilitate study of fish
movements throughout the lower basin. Personnel will record the fork length, weight,
appearance, and sex. Each trout will be classified by life stage, using the following
criteria. Fry are newly-emerged fish, typically with at least a vestige of their yolk sac
(“unzipped” or not “buttoned up”). Parr are darkly pigmented fish with characteristic
oval- to round-shaped parr marks on their sides. Silvery parr have faded parr marks and a
sufficient accumulation of purines in the scales to produce a silvery, but not fully smolted,
appearance. Smolts have highly faded parr marks, or lack them altogether, a bright silver
or nearly white color, and deciduous scales. During November–June, trout will be
checked for ripe gonads by applying pressure to the abdomen. If milt or ova are extruded,
the corresponding sex of the fish will be recorded. . Scales will be collected from all adult
trout and processed by TAC biological subcommittee representatives to evaluate lifehistory traits (e.g., growth, migratory history, etc.). A tissue sample (an approximately 1
cm piece) will be collected from the right pectoral fin, half for genetic analysis and half for
the DFG regional biologist to archive. For any other captured fish species (e.g.
largemouth bass, sculpin, etc.), fork length and weight will be recorded.
JOB 3.

Habitat-flow relationships for spawning, rearing, and migration
OBJECTIVE: Determine the relationship between stream flow and habitat quality and
quantity for each fish species life-stage function, using modeling and empirical data.
PURPOSE: Results of this model will be combined with empirical information on habitat
use to develop stream-flow versus habitat availability relationships. These relationships
will provide the basis for determining flow requirements for various species-life stages and
eventually an important analytical tool for evaluating various management actions,
including associated flow regimes and habitat restoration.
PROCEDURES: Survey transects will be established in each habitat unit for modeling
flow-habitat relationships using PHABSIM (Bovee 1982). Data will be collected for
model building at representative spawning and rearing habitat units under low, moderate,
and high flow conditions. Data regarding fish passage were collected at two flow levels
during May and June 1995. The same protocol for data collection used at the passage
study sites will be used at the spawning and rearing units.
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Fish Passage
Modeling and field observations will be used to determine the location of critical
passage reaches and to evaluate passage conditions as a function of flow in the mainstem.
Transect selection and stage and velocity versus discharge data collection to evaluate fish
passage conditions were begun in May 1995 at several sites in the main stem where
barriers to fish passage likely develop under low-flow conditions. Sites were selected
from the aerial photographs taken in April 1995. DFG models will be used for passage
analysis in the mainstem, incorporating reach-specific flow data and existing barrier survey
data. The data decks will be run and stage-discharge relationships will be verified.
Thompson criteria will be applied to the models. Sensitivity of passage to depth criteria
will be analyzed for 0.4, 0.5 and 0.6 feet. For the tributaries, habitat surveys will be used
to identify potential barriers (Job 1).
PHABSIM
Existing PHABSIM analysis (199 DWR) will be redone using re-evaluation of
habitat mapping data, reach-specific hydrology, and Southern California Steelhead Habitat
Suitability Criteria. Available hydraulic conditions will be simulated as a function of flow
using existing hydraulic models. Hydrology data will be used to identify reach-specific
flows, given a specific release at the dam, on a monthly time step.
Development of suitability criteria for southern steelhead will be included within
the framework of examining habitat-flow relationships. Suitability criteria may be
developed by reviewing published criteria for other streams, requesting input from
qualified personnel, conducting a workshop with steelhead experts, and by reaching
consensus within the TAC. The workshop participants will review existing steelhead
suitability criteria (suitability curves on velocity, depth and substrate for each lifestage),
make suggestions to modify the curves based on professional judgment, and agree on final
suitability index curves for use in the Santa Ynez River.
SCHEDULE: These data collections will occur opportunistically during the ensuing study
period as flow conditions allow. The southern steelhead habitat-suitability workshop will
be scheduled in fall 1997. The PHABSIM model will be rerun in winter 1997-1998.
JOB 4.

Temperature modeling and dissolved oxygen (DO) monitoring
OBJECTIVE: Model the relationship between temperature and stream flow, channel
conditions, and other manageable influences on water temperature. Determine the
seasonal and geographical distribution of water temperature and DO for various fish
species life stages. Identify portions of the Santa Ynez River that would have suitable
water temperatures for steelhead/rainbow trout under alternative flow management
options.
DO monitoring will address three specific problem areas: seasonal DO depressions
that may affect the quality of fish habitat in the main stem of the lower river; the extent of
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diel DO depressions in refuge pool habitat; and DO profiles in Cachuma Reservoir that
may affect downstream resources through flow releases.
PURPOSE: This information will be used to evaluate various management actions on the
temperature and DO conditions within the lower river. Influences of flow regime and
habitat/channel restoration will be evaluated relative to achieving water temperature and
DO criteria.
PROCEDURES: Studies of water temperature and DO will include monitoring of current
conditions, experimental or opportunistic observations of water quality at different times
or flows, and modeling of stream temperature.
Temperature and DO Monitoring
Continuous temperature monitoring (Optic Stowaway temperature monitoring
units) will be continued at a core group of monitoring locations in the mainstem (7
stations), lagoon (2), Hilton Creek (1), Salsipuedes Creek (2), El Jaro Creek (1), Nojoqui
Creek (1), and San Miguelito Creek (1). The thermograph units will be serviced and data
downloaded on a monthly basis to avoid data loss from mechanical malfunctions and
vandalism. Other monitoring sites may be added as necessary.
Seasonal vertical profiles will be conducted in Lake Cachuma (temperature and
DO) and the lagoon (temperature, DO, and salinity). Measurements will be taken at onefoot intervals. Air temperature will be monitored at several locations for use with the
temperature model (locations to be determined).
Diel fluctuations in DO
Surveys will be conducted to identify diel fluctuations in DO and to assess the
extent to which DO concentrations may be limiting refuge habitat. The abundant algae in
the Santa Ynez River can contribute to substantial diel variation in DO concentrations.
During the day algal photosynthesis can saturate the water with DO, while during the
night algal metabolism and animal respiration can deplete DO. Surveys will occur monthly
during the late spring through early fall, when algal growth is high. The vertical profile of
DO and temperature will be measured using one-foot depth intervals in the pools during
the pre-dawn period and in the late afternoon. Measurements will be made from at least
six sites (e.g. Long Pool, Refugio X at mile 3.4, Alisal 7.9, Alisal 9.5, Buellton 13.9)
between Bradbury Dam and Buellton, in three habitat units (one each pool, run, riffle) per
site (except the Long Pool), including habitat units with and without cool water upwelling.
Temperature Modeling
The SSTEMP model developed for the EIR/EIS will be used to integrate flow,
channel geometry, and various other, manageable influences on temperature with
meteorological conditions in order to identify portions of the Santa Ynez River that would
have suitable temperatures for and evaluate potential temperature management actions.
The model will be updated with new data (hydrology, climate, stream temperature) when
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they become available. Additional data for use in the model will be obtained from aerial
photos taken at various flows (top width), and the 1996 riparian study (shading). The
model will be verified with new stream temperature monitoring data.
SCHEDULE: Water temperature monitoring will be maintained in the main stem and
tributaries on a continuous basis, with monthly visits to the stations to download data.
Vertical profiles of Lake Cachuma and the lagoon will be measured approximately
quarterly. Surveys of diel fluctuations in DO will occur monthly during the period of algal
production (late spring through early fall). Experimental studies of water quality will
occur opportunistically depending on flows and releases.
JOB 5.

Tributary-main stem relationships
OBJECTIVE: Determine habitat use including quantity and quality in tributaries relative
to dynamics of the fish populations within the lower river.
PURPOSE: This information will be used to assess the degree to which individual
tributaries function as independent steelhead/trout rearing habitats by answering the
following questions: Do steelhead/trout spawned in tributaries that typically dry up have a
tendency to “escape” to the main stem as stream flow decreases and water temperature
increases seasonally (see Erman and Leidy 1975)? Conversely, do those spawned in
perennial tributaries remain there to rear until ready to emigrate? Can any significant
benefit be gained from flow augmentation in tributaries, such as that proposed for Hilton
Creek? How would habitat management activities in the tributaries influence overall
management of the lower Santa Ynez River system including influences on flow and other
potential modifications in the lower river?
PROCEDURES: Habitat potential in the tributaries will be identified during habitat
surveys described in Job 1, including passage barriers, rearing habitat, and potential
opportunities for improvements (structural or land use).
The activities described in Job 2 will provide the data necessary to evaluate the
habitat use in the tributaries. Trapping and tagging will detect the movement of spawners
in the stream. Redd monitoring in selected habitat units will determine the location of
spawning activity. Snorkeling in the selected habitat units will provide abundance
estimates on fry and parr over time as stream flow and water temperature change.
Trapping will determine the magnitude and timing of emigration in relation to streamflow
and temperature changes. Flow-habitat evaluations in Hilton Creek, the only tributary that
can receive flow augmentation, would be evaluated.
SCHEDULE: See schedules under Job 2.

JOB 6.

Verification of habitat-flow relationships
OBJECTIVE: Verify streamflow relationships developed in Jobs 3 and 4.
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PURPOSE: Determine if the streamflow versus habitat availability/use relationships based
upon consideration of flow ranges (Jobs 3) and temperature conditions (Job 4) accurately
predict the response in habitat conditions/use.
PROCEDURES: Seasonal, WR 89-18, and Fish Reserve Account releases from Bradbury
Dam will be used to empirically verify flow versus habitat relationships identified for target
fish species/life stages. Special study elements will be added if needed to answer specific
questions.
Reach-specific flows will be determined during releases from Bradbury Dam.
Habitat data will be collected at low and intermediate flows (between 5 and 35 cfs) to
compare with existing data at higher and lower flows. Observers will record when various
reaches of the river go dry during the summer.
In reaches where ground access is not available, existing aerial photos will be
reviewed to identify surface area of different habitat types (1994 @ 140 cfs and 1996 @
50 cfs). Additional aerial photos will be obtained at lower flows (less than 50 cfs).
Habitat conditions in these inaccessible regions will be examined using data from the T.
Payne/DWR study and the 1996 Jones & Stokes riparian study.
Habitat measures
Habitat units for study will be selected using the geomorphic habitat data (aerial
photo analysis from Job 1) to subsample units from the snorkel survey sites. A fixed
reference point will be established at each habitat unit with a staff gage so measurements
at different times (= flows) would be at the same place. Some features that are fairly
stable over time, barring flood flows (canopy cover, bank composition, and substrate, unit
length) will only be measured once in a water year. Pebble counts should be used to
estimate substrate composition. Other habitat features that vary with flow (depth, top
width, velocity percent unit cover) will be measured during each survey at different flows.
Ten fixed transects will be distributed uniformly along the unit’s length, including
transects at the upper and lower boundaries. During each flow condition, measurements
will include (1) velocity in the thalweg for each transect, (2) five depth measurements
across the transect, and (3) assessment of percent cover for the entire habitat unit.
Algae flushing
Dense algal growth during the late spring to fall can negatively impact water
quality (e.g. low dissolved oxygen (DO) at night). Flows to flush algae from the upper
mainstem reaches to Solvang will be tested during the summer. Several pools with low
DO (vertical profile measured before dawn) will be selected between the Dam and
Solvang. DO (pre-dawn vertical profile) and percent algal cover will be measured prior to
the experimental release. The exact amount and duration of release(s) will be determined
for each study, but will likely range from 10-30 cfs (as measured by releases at Bradbury),
raised at increments of 5 cfs. At each study pool, flow and percent algae cover will be
measured for each release level. Once flushing is complete, experimental releases will be
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ramped down (5 cfs/day) to baseflow. After a three day equalization period flow, DO,
and percent algal cover will be measured again. The final ramp-down and post-release
measurements may not occur if the study is immediately followed by the WR 89-18
release.
SCHEDULE: Flow-habitat conditions will be evaluated as soon as practicable after
completion of PHABSIM modeling. Flow-specific habitat measures to be recorded prior
to or during ascending limb of WR 89-18 releases (summer 1997 and possibly summer
1998) or opportunistically during other releases. Algae flushing studies will be conducted
in summer 1997 and possibly repeated in summer or fall 1998.
JOB 7.

Molecular genetic analysis of steelhead/rainbow trout
OBJECTIVE: Conduct molecular genetic analysis of tissue samples from rainbow
trout/steelhead collected in Job 2.
PURPOSE: Examine the population structure and stock origins of rainbow trout/
steelhead in the lower Santa Ynez River and tributaries.
PROCEDURES: Tissue samples will be collected for genetic analysis from adult rainbow
trout/steelhead collected in the upstream trapping program, from juvenile rainbow
trout/steelhead collected during downstream migration trapping and lagoon trapping, and
during other opportunities (e.g. fish rescue operations). An approximately 1 cm piece of
tissue will be taken from the right pectoral fin and air dried. Half of the sample will be
used for genetic analysis and half will be given to the DFG regional biologist to archive.
Samples will be delivered periodically to Dr. Jennifer Nielsen at the Hopkins Marine
Station. If subsampling is necessary, characteristics such as year and month when
collected, location, size class, and physical appearance (e.g. clubbed fins suggestive of
hatchery origin) will be considered to ensure a comprehensive analysis.
Genetic analysis will be conducted by Dr. Nielsen. The tests will examine the
variability of mitochondrial DNA (mtDNA) and microsatellites. Mitochondrial DNA has
been used in previous studies of steelhead/rainbow trout from the upper Santa Ynez River
above Juncal Dam, Hilton Creek and Salsipuedes Creek. NMFS is also using mtDNA in
their status review of steelhead to differentiate distinct population segments or
“Evolutionarily Significant Units” (ESUs). Microsatellite analysis will also be conducted
to improve resolution of the stock assessment. Genetic data from fish collected during the
TAC studies will be compared with previous data from the Santa Ynez River and other
rivers (Nielsen et al. 1994).
SCHEDULE: Tissue sampling will occur opportunistically during migrant trapping
(approximately January-June) and other activities (e.g. trapping in the lagoon). Analysis
of the preserved tissue samples will conducted in summer 1997.

JOB 8.

Coordination and collaboration with other study activities
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OBJECTIVE: Coordinate TAC studies with other investigations being conducted in the
Santa Ynez River watershed, and to incorporate, as appropriate, pertinent data and
results.
PURPOSE: Through coordination, eliminate redundancy in efforts, and through
collaboration, attain results beyond the scope of the TAC study plan alone.
PROCEDURES: TAC members will gather information on other study activities being
conducted in the Santa Ynez River watershed. Study objectives and methods will be
compared with those of the TAC’s study plan to identify potential duplication of effort or
sources of supplemental information. For example, riparian vegetation monitoring along
the lower river (mandated in the SWRCB’s Water Right Order WR 94-5) may include a
habitat mapping element that may overlap or complement that specified in this plan.
Further, the TAC and FWS biologists implementing field data collection will be
available to collaborate in activities, with TAC approval, outside the scope of the long
term study plan, but which may produce a result of mutual benefit to both TAC study
objectives and those of the external agency. Examples are conducting whole or tissue
collections of fish for genetics work, such as that being conducted by the Federal
government in connection with the steelhead listing process; and DFG-directed
management activities in the lower river, such as fish rescues.
SCHEDULE: These activities will be scheduled as they arise.
JOB 9.

Annual reporting and evaluation
OBJECTIVE: Summarize and report study results, evaluate study plan implementation,
and revise the study plan as needed.
PURPOSE: To keep information development up-to-date, and to provide the opportunity
to make midterm evaluations and adjustments to the study plan, as necessary.
PROCEDURES: Each year, the TAC biologist will prepare a draft report that will
summarize the results of the year’s work. The draft report will undergo TAC review and
comments will be incorporated to produce a final annual report. This review process will
provide the TAC an opportunity to evaluate the efficacy of study elements in achieving
their desired objectives, and to amend the study plan as needed in an attempt to improve
or modify future studies.
SCHEDULE: The draft annual report will be due by 1 October of each study year, and
review completed by 1 November. The final annual report and proposed changes to the
study plan will be due by 1 December.

JOB 10.

Management action analysis

OBJECTIVE: Analyze the various, potential management actions relative to meeting the
goals and objectives defined in this proposal and develop a technically-based management
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recommendation in the context of the evaluation criteria discussed above for consideration
by the TAC.
PURPOSE: To summarize through analysis the results of the proposed study in the form
of a range of potential management actions for fish populations within the lower Santa
Ynez River system.
PROCEDURES: Analytical tools developed to evaluate habitat quantity and quality versus
flow, and non-flow habitat, and temperature modifications will be used to identify various
alternative management actions and predicted influences (both negative and positive) on
fish habitat needs and other uses of the lower Santa Ynez River system. Various scenarios
will be contemplated for optimizing fish habitat, including steelhead/trout restoration in
the lower river and its tributaries, implementation of non-flow habitat improvements,
tributary flow and non-flow habitat based improvements, minimal changes intended only
to accommodate existing fish populations in the lower river and the maintenance of a
steelhead/trout population in tributaries and the system upstream of Bradbury Dam, and
no-action.
Identification of a range of potential management actions and preliminary
assessment of biological benefits, operational constraints, and feasibility will be presented
in the Management Alternatives report, which will also assess data needs for final
evaluation of actions and thus guide refinement of the long-term study plan. This report
will form the basis for the final synthesis report to the Consensus Committee in 1999. The
final synthesis report detailing the approach and information used to identify a
recommended management action will be completed through iterative review by the
biological subcommittee and the TAC.
SCHEDULE: The Management Alternatives report will be prepared in summer 1997.
The final synthesis report will be completed before the end of 1999.
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SUMMARY SCHEDULE FOR LONG-TERM STUDY PLAN
Job

Job 1: Habitat inventory

Activity

Schedule

Investigator

Habitat typing main stem

May-July 1997

DFG, TAC and FWS scientists

Ground truthing main stem

June-July 1997

DFG, TAC and FWS scientists

Habitat typing tributaries

June-July 1997

DFG, TAC and FWS scientists

Redd survey

Every two weeks
Feb 1996–May 1996,
Dec 1996–May 1997,
Dec 1997–May 1998

TAC and FWS biologists

Juvenile rearing survey

Monthly, May-Aug 1996
Twice yearly: June & Oct 97-99

TAC and FWS biologists

Main stem trapping

Daily Dec-May 1996-99

TAC and FWS biologists

Tributary trapping

Daily Jan-June 1996-99

TAC and FWS biologists

Data collection for PHABSIM

Opportunistically with suitable flows

TAC and FWS biologists

PHABSIM modeling

TBA following data collection

DFG, TAC and FWS biologists

Further data collection

Continuously thru summer 1999

TAC and FWS biologists, Hanson
Environmental

Temp modeling

TBA

TBA

Job 5: Trib-mainstem
relationships

Adult trapping, redd monitoring,
juvenile surveys, emigrant trapping

See Job 2

See Job 2

Job 6: Flow verification

Water releases, Job 2 activities

Opportunistically, following
development of recommended flows

TAC

Job 7: Coordination and
collaboration

Coordinating with other study activities
in SYR

Ongoing, as information becomes
available

TAC, TAC and FWS biologists

Collect tissue samples for analysis

Opportunistically with migrant
trapping

TAC and FWS biologists

Conduct molecular genetic analysis

Summer 1997

Dr. J. Nielsen

Reporting and evaluating each year’s
work

Final report and study plan changes
due by 1 Dec 96–98

TAC and FWS biologists, TAC
Biology Subcomm.

Preliminary identification and
assessment of potential actions

Management Alternatives Report
summer 1997

TAC

Final data synthesis, reporting, and
analysis of management actions

Before the end of 1999 (exact date
yet to be established)

TAC

Job 2: Habitat function

Job 3: Habitat-flow
relationships

Job 4: Temperature and
DO work

Job 8: Genetic analysis

Job 9: Annual reporting

Job 10 - Management
action analysis
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