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Steelhead

Incipient summer, scorch of the sun,

And the great steelhead shows up in our creek.

He lies in a pool, the shallow basin of 3 thin rock weir,
Impassively waiting. Ten days go by

And still he lingers. His presence

Is inscrutable. No one around here

Recalls such a thing: steelhead

Landlocked in summer.

For the tag-end of April
Sees the last of them. Unlike all salmon,
Rising in winter to die at the spawn,
Steelhead commonly wrig back to sea,
Reclimbing the river-path year after year:
Continuous the trek, the journey joined;
Indomitable the will, the life-thrust.

Bull this? This aberration?

What is its meaning, and why here?

Deeper hideouts, below and above,

Where salmon and steelhead alike at the spawn
Await their time—those same deep holes

Avre perfect places to bide out the drought

Were such his purpose. But no. Dangerously exposed,
In window-pane water he lies alone,

And waits. Inexplicably waits.

-----

William Everson

Copyright “ by Jude Everson and the William Everson Literary Estate
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Executive Summary

EXECUTIVE SUMMARY

The goal of this Recovery Plan is to prevent the
extinction of South-Central California  Coast
steelhead (Oncorhynchus mykiss) in the wild and to
ensure the long-term persistence of viable, self-
sustaining, populations of steelhead distributed
across the South-Central California Coast Steelhead
(SCCCS) Distinct Population Segment (DPS). It is
also the goal of this Recovery Plan to ensure a
sustainable South-Central California steelhead sport
fishery through the restoration of a suite of viable
steelhead populations across the SCCCS DPS.

Recovery of the SCCCS DPS will require the
protection, restoration, and maintenance of a
range of habitats throughout the DPS in order to
allow the natural diversity of O. mykiss to be
fully expressed (e.g., anadromous and resident
forms, timing and frequency of runs, and
dispersal between watersheds).

Status of South-Central California Coast
Steelhead

Steelhead are the anadromous, or ocean going
form of the species Oncorhynchus mykiss, with
adults spawning in freshwater, and juveniles
rearing in freshwater before migrating to the
ocean to grow and sexually mature prior to
returning as adults to reproduce in freshwater.
Steelhead populations along the West Coast of
North America have experienced substantial
declines as a result of human activities such as
water development, flood control programs,
forestry practices, agricultural activities, mining,
and urbanization that have degraded,
simplified, and fragmented aquatic and riparian
habitats. In South-Central California, near the
southern limit of the range for anadromous O.
mykiss in North America, it is estimated that
annual average runs have declined dramatically
from an estimated 25,000 returning adults
historically, to currently less than 500 returning
adults (Williams et al. 2011, Good et al. 2005,
Helmbrecht and Boughton 2005, Boughton and
Fish 2003). These historic annual run sizes
varied significantly, perhaps by one or two
orders of magnitude, depending on the annual

rainfall patterns and longer term oceanic and
climatic cycles. The present annual run sizes,
also exhibit large inter-annual fluctuations,
although at much lower levels.

Steelhead along South-Central California Coast
comprise a “distinct population segment” of the
species O. mykiss that is ecologically discrete
from the other populations of O. mykiss along
the West Coast of North America. Under the
U.S. Endangered Species Act of 1973 (ESA), this
DPS qualifies for protection as a separate
species. In 1997, the SCCCS DPS - originally
referred to as an Evolutionarily Significant Unit
(ESU) - was listed as a “threatened” species - a
species that is likely to become in danger of
extinction within the foreseeable future
throughout all or a significant portion of its
range.

South-Central California Steelhead Angling Heritage —
Salinas River, c. 1940s.

Recovery Planning

The ESA mandates that the National Marine
Fisheries Service (NMFS) develop and
implement Recovery Plans for the conservation
(recovery) of listed species. The development
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and implementation of a Recovery Plan for the
SCCCS DPS is considered vital to the continued
persistence and recovery of anadromous O.
mykiss in South-Central California. However,
the development of a recovery plan is only the
beginning  of the  recovery  process.
Implementation of recovery plans will require
the development of site-specific and project
specific information, and involvement of
interested stake-holders to ensure that recovery
actions are effective and sustainable.

The SCCCS DPS encompasses O. mykiss
populations in watersheds from the Pajaro River
(at the boundary between Santa Cruz and
Monterey Counties) south to Arroyo Grande
Creek (San Luis Obispo County). For recovery
planning purposes, the South-Central California
Coast Steelhead (SCCCS) Recovery Planning
Area includes those portions of coastal
watersheds that are seasonally accessible to
anadromous O. mykiss entering from the ocean,
as well as the upper portions of watersheds
above anthropogenic fish passage barriers that
historically contributed to the maintenance of
anadromous populations.

Recovery plans developed under the ESA are
guidance documents, not mandatory regulatory
documents. However, the ESA envisions
Recovery plans as the central organizing tool for
guiding the recovery of listed species. Recovery
plans also guide federal agencies in fulfilling
their obligations under Section 7(a)(l) of the
ESA, which calls on all federal agencies to
“utilize their authorities in furtherance of the
purposes of this Act by carrying out programs
for the conservation of endangered species and
threatened species.” In addition to outlining
proactive measures to achieve species recovery,
Recovery plans provide a context and
framework for other provisions of the ESA with
respect to federally listed species, including but
not limited to consultations on federal agency
activities under Section 7(a)(2) and the
development of Habitat Conservation Plans in
accordance with Section 10(a)(1)(B).

This Recovery Plan serves as a guideline for
achieving recovery goals by describing the
criteria by which NMFS would measure species
recovery, the strategy to achieve recovery, and
the recommended recovery actions necessary to
achieve viable populations of steelhead within
the SCCCS Recovery Planning Area.

Environmental Setting

The SCCCS Recovery Planning Area is
dominated by a series of steep mountain ranges
and coastal valleys and terraces. Watersheds
within the region fall into two basic types: those
characterized by short coastal streams draining
mountain ranges immediately adjacent to the
coast (e.g, Santa Cruz and Santa Lucia
Mountains), and those watersheds containing
larger river systems that extend inland through
gaps in the coastal ranges (e.g., Pajaro and
Salinas Rivers, and Arroyo Grande Creek).

The SCCCS Recovery Planning Area has a
Mediterranean climate, with long dry summers
and brief winters with short, sometimes intense
cyclonic winter storms. Rainfall is restricted
almost exclusively to the late fall, winter, and
early spring months (November through May).
Additionally, there is a wide disparity between
winter rainfall from north to south, as well as
between coastal plains and inland mountainous
areas. Snow accumulation is generally small
and of short duration, and does not typically
contribute significantly to peak run-off in South-
Central California watersheds. The SCCCS
Recovery Planning Area is also subject to an El
Nifio/La Nifia weather cycle that can
significantly affect winter precipitation, causing
highly variable rainfall and significant changes
in oceanic conditions.

Base flows (average dry-season flows) in South-
Central California watersheds are strongly
influenced by groundwater which is transported
to the surface through faults and fractured rock
formations. Many rivers and streams in this
region naturally exhibit interrupted base flow
patterns (i.e., alternating reaches with perennial
and seasonal surface flow) controlled by
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geologic formations, and the strongly seasonal
precipitation  pattern characteristic of a
Mediterranean climate. Water temperatures are
generally highest during summer months, but
can be locally cooled by springs, seeps, and
rising groundwater, creating habitat refugia
where conditions remain suitable for rearing
salmonids, even during the summer.

Significant portions of the upper watersheds
within the SCCCS Recovery Planning Area are
contained within the Los Padres National Forest
(Monterey and Santa Lucia Ranger Districts).
These forests are managed primarily for water
production, recreation, and protection of native
fish, wildlife, and botanical resources (with
limited cattle grazing).

Urban development is concentrated in coastal
areas and inland valleys, with the most
extensive and densest urban development
located within the Pajaro, Salinas, San Luis
Obispo and Arroyo Grande watersheds. The
SCCCS Recovery Planning Area is home to more
than 2.8 million people. Some coastal valleys
and foothills are extensively developed with
agriculture - principally row-crops, orchards,
and vineyards (e.g., Pajaro, Salinas and Arroyo
Grande valleys).

Recovery Goals and Viability Criteria

The overarching goal of this Recovery Plan is
recovery of the SCCCS DPS and its removal
from the Federal List of Endangered and
Threatened Wildlife (50 C.F.R. 17.11). To achieve
this goal, the ESA requires that Recovery plans,
to the maximum extent practical, incorporate
objective, measurable criteria that, when met,
would result in a determination in accordance
with the provisions of the ESA that the species
be delisted (50 CFR 17.11 and 17.12). Recovery
does not necessarily require restoring
watersheds to a pre-development, pristine state,
but restoring riverine functions to the point that
they support viable populations of wild
steelhead.

Recovery criteria are built upon viability criteria
developed by NMFS’s Technical Recovery Team
(TRT) for the individual anadromous O. mykiss
populations and the DPS as a whole. A viable
population is defined as a population having a
negligible risk (< 5%) of extinction due to threats
from demographic variation, natural
environmental variation, and genetic diversity
changes over a 100-year time frame. A viable
DPS is comprised of a sufficient number of viable
populations spatially dispersed, but proximate
enough to maintain long-term (1,000-year)
persistence  and  evolutionary = potential
(McElhany et al. 2000). The viability criteria are
intended to describe characteristics of the
species, within its natural environment,
necessary for both individual populations and
the SCCCS DPS as a whole to be viable, i.e.,
persist over a specific period of time, regardless
of other ongoing effects caused by human
actions.

Recovery of the threatened SCCCS DPS will
require recovery of a minimum number of
viable populations within each of four
Biogeographic Population Groups (BPGs) within
the SCCCS Recovery Planning Area. Recovery
of these individual populations is necessary to
conserve the natural diversity (genetic,
phenotypic, and
distribution, and abundance of the species, and
thus the long-term viability of the SCCCS DPS.
Each population must exhibit a set of biological

behavioral), spatial

characteristics (e.g., minimum mean annual run
size, persistence over variable oceanic
conditions, spawner density, anadromous
fraction, etc.) in order to be considered viable.
(Boughton et al. 2007b).

To focus recovery efforts and facilitate the
recovery of the species, the SCCCS Recovery
Plan identifies populations essential to meeting
recovery goals and criteria (Core 1, 2, and 3
populations) in each of the four BPGs within the
SCCCS DPS, and prioritizes recovery actions for
each of the watersheds within these BPGs (see
Recovery Action Tables in Chapters 9-12).
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Recovery Strategy

Restoring the diversity of steelhead habitats
(and access to them) that was previously
available to steelhead within coastal watersheds
is central to the recovery of the SCCCS DPS.
Such a strategy aims to restore the natural
selective regime under which steelhead evolved
their diversity, and which is a key to the species’
long-term survival.

Recovery of South-Central California steelhead
will require a scientifically based biological,
recovery strategy as well as effective
implementation. The framework for a durable
implementation strategy involves two key
principles: 1) solutions that focus on
fundamental causes for watershed and river
degradation, rather than short-term remedies;
and 2) solutions that emphasize resilience in the
face of projected climate change to ensure a
sustainable future for both human communities
and steelhead (Beechie et al. 2010, Beechie and
Bolton 1999; Boughton 2010a, Naiman et al. 2005,
Lubchenco 1998). Such a strategy:

QO Looks for opportunities for sustainable
water and land-use practices;

O Restores river and estuary processes that
naturally sustain steelhead habitats;

O Provides diverse opportunities for steelhead
within the natural range of ecological
adaptability;

O Sustains ecosystem services for humans by
reinforcing natural capital and the self-
maintenance of watersheds and river
systems; and

O Builds natural and societal adaptive
capacity to deal with climate change.

A comprehensive strategic framework is
necessary to serve as a guide to integrate the
actions contributing to the goal of recovery of
the SCCCS DPS. This strategic framework
incorporates the concepts of viability at both the
population and DPS levels, and the

identification of threats and recovery actions for
each of the four BPGs.

NMEFS has identified core populations intended
to serve as the foundation for the recovery of the
species in the SCCCS Recovery Planning Area.
Threats assessments for the species indicate that
recovery actions related to changes in water
storage and management regimes and the
modification of fish passage barriers and within
certain rivers of the SCCCS Recovery Planning
Area are essential to the recovery of the species.
Extensive, high quality habitat exists above a
large number of passage barriers in these river
systems. These areas are currently not included
within the SCCCS DPS as defined in the listing
rule (71 FR 834). However, because these
habitat areas comprise a majority of the prime
steelhead spawning and rearing habitat within
the species’ natural range, they are a major focus
of recovery actions.

Uncertainties remain regarding the level of
recovery necessary to achieve population and
DPS viability, therefore, additional research and
monitoring of O. mykiss populations within the
SCCCS Recovery Planning Area is an essential
component of this Recovery Plan. As the
Recovery Plan is implemented, additional
information will become available to: (1) refine
the viability criteria; (2) update and refine the
threats assessment and related recovery actions;
(3) determine whether individual threats have
been abated or new threats have arisen; and (4)
evaluate the overall viability of anadromous O.
mykiss in the SCCCS Recovery Planning Area.
Additionally, there will be a review of the
recovery actions implemented and population
and habitat responses to these actions during the
5-year status reviews of the DPS.

Recovery Actions

Restoring flows, access to spawning and rearing
habitats, and instream habitat conditions
(including estuarine conditions) necessary to
support steelhead are the principal recovery
actions identified in this Recovery Plan to
restore the SCCCS DPS, and will require
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continuing active management in a region with
a large human population and extensively
developed land-uses.

Many complex and inter-related biological,
economic, social, and technological issues must
be addressed in order to recover anadromous O.
mykiss in the SCCCS DPS. Policy changes at the
federal, state and local levels will likely be
necessary to implement many of the recovery
actions identified in this Recovery Plan. For
example, without substantial strides in water
conservation, efficiency, and re-use throughout
South-Central California, flow conditions for
anadromous salmonids will limit recovery.
Similarly, recovery is unlikely without programs
to restore properly functioning historic habitats
such as estuaries, and access to upstream
spawning and rearing habitat.

Many of the recovery actions identified in this
Recovery Plan address  watershed-wide
processes which are also the focus of other local,
state and federal programs (e.g., wild-fire cycle,
erosion and sedimentation, runoff and waste
discharges) which will benefit a wide variety of
native species (including federally listed species
or species of special) by restoring natural
ecosystem functions. Some of the listed species
which co-occupy coastal watersheds with South-
Central California steelhead include: Tidewater
goby (Eucyclogobius newberryi), Foothill yellow-
legged frog (Rana boylii), California least tern
(Sterna antillarum browni), California red-legged
frog (Ran aurora draytonii), Southwestern pond
turtle (Clemmys marmorata), Arroyo toad (Bufo
microscaphus  californicus), Least Bell's Vireo
(Viireo bellii pusillus)), and Western snowy plover
(Charadrius alexandrinus nivosus). Additionally,
Pacific lamprey (Entosphenus tridentata), another
anadromous species occupying South-Central
California watersheds, and whose numbers have
declined significantly, can also be expected to
benefit from many of the recovery actions
identified in this Recovery Plan. Coordinating
the implementation of recovery actions
identified in this Recovery Plan with local, state
and federal land use and water management

programs, as well as private land owners and
other interested stakeholders, is essential to the
effective and timely recovery of the SCCCS DPS.

Restoration of steelhead habitats in coastal
watersheds will also provide substantial benefits
for human communities. These include, but are
not limited to, improving and protecting the
water quality of important surface and
groundwater supplies, reducing damage from
periodic flooding resulting from floodplain
development, and controlling invasive exotic
animal and plant species which can threaten
water supplies and increase flooding risks.
Restoring and  maintaining  ecologically
functional watersheds also enhances important
human uses of aquatic habitats occupied by
steelhead; these include activities such as
outdoor recreation, environmental education (at
primary and secondary levels), field-based
research of both physical and biological
processes of coastal watersheds, aesthetic
benefits, and the preservation of tribal and
cultural heritage values.

The final category of benefits accruing to
recovered salmon and steelhead populations
involve the ongoing costs associated with
maintaining populations that are at risk of
extinction. Significant resources are spent
annually by federal, state, local, and private
entities to comply with the regulatory
obligations that accompany species that are
listed under the ESA. Important activities, such
as water management for agriculture and urban
uses, can be constrained to protect ESA listed
species. As a result of these ESA related
obligations, such as compliance with Section 7
requirements, the take prohibitions of Section 9,
and the development of Section 10 Habitat
Conservation Plans, a degree of uncertainty is
often experienced by regulated entities.
Recovering listed salmonid species will reduce
the regulatory obligations imposed by the ESA,
and allow land and water managers greater
flexibility to optimize their activities, and reduce
costs related to ESA protections.
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Although the recovery of South-Central
California steelhead is expected to be a long
process, the TRT recommended certain actions
that should be implemented as soon as possible
to help facilitate the recovery process for the
SCCCS DPS. These include identifying a set of
core populations on which to focus recovery
efforts, protecting extant parts of inland
populations, identifying refugia habitats,
protecting and restoring estuaries, and collecting
population data (Boughton et al. 2007b).
Recovery actions for individual watersheds are
identified in separate chapters covering the four
BPGs within the SCCCS Recovery Planning
Area (see Chapters 9-12).

Implementation and Recovery Action
Cost Estimates

Implementation of this Recovery Plan will
require a shift in societal attitudes,
understanding, priorities, and practices. Many
of the current land and water use practices that
are detrimental to steelhead (particularly water
supply and flood control programs) are not
sustainable. Modification of these practices is
necessary to both continue to meet the needs of
the human communities of South-Central
California and restore the habitats upon which
viable steelhead populations depend.

Since the listing of South-Central California
steelhead as threatened in 1997, efforts have
accelerated to change many unsustainable water
and land-use practices; however a great deal
more needs to be done before steelhead are
recovered and ultimately removed from the list
of federally endangered or threatened species.

Investment in the recovery of South-Central
California steelhead will provide economic and
societal as well as environmental benefits.
Monetary investments in watershed restoration
projects can benefit the economy in multiple
ways. These include stimulating the economy
directly through the employment of workers,
contractors and  consultants, and  the
expenditure of wages and restoration dollars for

the purchase of goods and services. Habitat
restoration projects have been found to
stimulate job creation at a level comparable to
traditional infrastructure investments such as
mass transit, roads, or water projects
(Sunderstrom et al. 2011, Nielsen-Pincus and
Moseley 2010, Meyer Resources Inc., 1988). In
addition, viable salmonid populations provide
ongoing direct and indirect economic benefits as
a natural resource base for angling, outdoor
recreation, and tourist related activities. Dollars
spent on steelhead recovery have the potential
to generate significant new dollars for local,
state, federal and tribal economies.

Perhaps the largest direct economic returns

resulting  from  recovered  anadromous
salmonids are associated with angling. On
average 1.6 million anglers fish the Pacific
region annually (Washington, Oregon, and
California) and 6 million fishing trips were
taken annually between 2004 and 2006 (National
Marine Fisheries Service 2010c). Most of these
trips were taken in California and most of the
anglers live in California. Projections of the
economic and jobs impacts of restored salmon
and steelhead fisheries for California have been
estimated from $118 million to $5 billion dollars,
and supporting thousands of jobs (Michael 2010,
Southwick Associates 2009; see also, Meyer

Resources, Inc. 1988).

Estimating total cost to recovery in the SCCCS
Recovery Planning Area is challenging for a
variety of reasons. These include the need to 1)
refine recovery criteria which form the basis of
the biological recovery strategy; 2) complete
investigations such as barrier inventories and
assessments, and habitat typing surveys in the
core populations; 3) identify flow regimes for
individual watersheds; and 4) develop site-
specific designs and plans to carry out
individual recovery actions. Additionally, the
biological response of steelhead to many of the
recovery actions is inherently uncertain and will
require extensive monitoring. The recovery
action tables (Tables 9-4 through 13-13) for each
BPG within the SCCCS Recovery Planning Area
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includes a preliminary estimate of the costs of
individual recovery actions, based on the
general recovery action descriptions contained
in Chapter 8, Summary of DPS-Wide Recovery
Actions, Table 8.2 (Recovery Actions Glossary).

Costs estimates have been provided wherever
possible, but in some cases where the
uncertainties regarding the exact nature of the
recovery actions is unknown (e.g, complete
barrier removal versus modification), these costs
estimates can only be provided after site-specific
investigations are completed. Estimating the
total cost to recovery is further complicated
because achieving recovery will be a long-term
effort, involving multiple decades. Based upon
the costs of individual recovery actions
identified, NMFS estimates that the cost of
implementing recovery actions throughout the
SCCCS Recovery Planning Area will be
approximately 560 million dollars borne over
the next 80 to 100 years, though many smaller
scale recovery actions are projected to be
completed in a much shorter time-frame.
Appendix E (Estimated Costs of Recovery
Actions) of the Recovery Plan contains estimates
for categories of typical watershed restoration
activities; it also identifies a variety of local,
state, and federal funding sources to support the
implementation of recovery actions

Many of the recovery actions identified in the
recovery action tables are intended to restore
basic ecosystem processes and functions. As a
result, many of these recovery actions will be, or
already have been, initiated by local, state and
federal agencies, as well as non-governmental
organizations and other private entities as a part
of their local or regional environmental
protection efforts. Recovery actions may be
eligible for funding from multiple funding
sources at the federal, state, and local levels.
Many of these grant programs also offer
technical assistance, including project planning,
design, permitting, and monitoring. Regional
personnel with NMEFS, California Department of
Fish and Wildlife, and the U.S. Fish and Wildlife
Service can also provide assistance and current

information on the status of individual grant
programs. Appendix E provides a list of federal,
state, and local funding sources. In weighing the
costs and benefits of recovery, the multiple long-
term benefits derived from short-term costs
must be considered in any assessment. South-
Central California steelhead recovery should
therefore be viewed as an opportunity to
diversify and strengthen the regional economy
while enhancing the quality of life for present
and future generations.

Recovery Partners

Recovery of South-Central California steelhead
is dependent on the cooperation of a variety of
local, state, and federal partners, including
private landowners, and non-governmental
organizations working at the community and
regional level. The implementation of recovery
actions by these parties will require in some
cases streamlining environmental review and
regulatory processes to reduce costs and create
incentives to landowners, non-governmental
organizations, and managers undertaking
recovery actions. This Recovery Plan builds on
the restoration efforts which have already been
made by a wide variety of local, state, and
federal agencies, as well as important work
undertaken by private landowners and non-
governmental agencies.

Recovery of South-Central California steelhead
depends most fundamentally on a shared vision
of the future. Such a vision would include a set
of rehabilitated watersheds, rivers, and estuaries
which support steelhead and other native
species over the long-term, efficiently sustain
ecological services for people, and allow river
systems to respond to climate change. A shared
vision for the future can align interests and
encourage cooperation that, in turn, has the
potential to improve rather than undermine the
adaptive capacity of public resources such as
functioning watersheds and river systems. The
construction of a shared vision for South-Central
California steelhead will require a number of
basic  institutional arrangements: 1) a
deliberative forum (or set of forums) where
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interested stakeholders, including  non-
governmental
experiences and ideas; 2) information networks
that allow stakeholders to disseminate

organizations, can share

information with a broad array of interested and
affected parties; and 3) the development and
maintenance of trust and reciprocity that allows
meaningful deliberation on inherently complex
and contentious issues.

Technical Recovery Team Members — Pajaro River 2006

Achieving recovery of South-Central California
steelnead will also require a number of
coordinated activities, including implementation
of strategic and threat-specific recovery actions,
monitoring of the existing population’s response
to recovery actions, and further research into the
diverse life history patterns and adaptations of
O. mykiss to a semi-arid and highly dynamic
environment  (including  the  ecological
relationship between anadromous and non-
anadromous life history patterns).

Effective implementation of recovery actions
will entail: 1) development of cooperative
relationships with private land owners, non-
governmental organizations, special districts,
and local governments with direct control and
responsibilities over non-federal land-use
practices to maximize recovery opportunities; 2)
participation in the land use and water planning
and regulatory processes of local, regional, state,
and federal agencies to integrate recovery efforts
into the full range of land and water use
planning; 3) close cooperation with state
resource agencies such as the California
Department of Fish and Wildlife, California
Coastal Commission, CalTrans, California

Department of Parks and Recreation, State
Water Resources Control Board, and Regional
Water Quality Control Boards, and University
Cooperative Extension to ensure consistency of
recovery efforts; and 4) partnering with federal
resource agencies, including the U.S. Forest
Service, U.S. Fish and Wildlife Service, National
Park Service, U.S. Bureau of Reclamation, U.S.
Bureau of Land Management, U.S. Army Corps
of Engineers, uUsS. Department of
Transportation, U.S. Department of Defense,
U.S. Environmental Protection Agency, and the
U.S. Natural Resource Conservation Service.

NMFS intends to promote the Recovery Plan
and provide needed technical information and
assistance to entities responsible for activities
that may impact the species’ recovery, including
implementation of high priority recovery
actions. Additionally it will be important to
work with cities and counties to incorporate
protective measures consistent with recovery
objectives in their General Plans and Local
Coastal Plans. NMFS also intends to work with
state and federal regional entities on regional
planning efforts such U.S. Forest Service Land
Resource Management Plans, State Park General
Plans, Regional Water Control Board Basin
Plans (including Integrated Regional Water
Management Planning efforts), and Local
Coastal Plans.

Estimated Time to Recovery and
Delisting

Given the scope and complexity of the threats
and recovery actions identified within the
SCCCS Recovery Planning, the time to full
recovery can be provisionally estimated to vary
from 80 to 100 years. Delays in the completion
of recovery actions, time for habitats to respond
to recovery actions, or the species’ response to
recovery actions would lengthen the time to
recovery. A modification of the provisional
population or DPS viability criteria resulting in
smaller run-sizes, or the number or distribution
of recovered populations, could shorten the time
to recovery.
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1. Introduction

“And so little rivers, granted sufficient rainfall to give them life, possess one thing in common.
These sturdy migrants forge swiftly and surely over the tidal bars and up the current perhaps a
dozen or two-score miles to the spawning bars at the headwaters far back in a deep dark
canyon of the Coast Range. . .. Were | to conduct a visiting angler on a tour of these charming
southern streams, | should like to first take him up to the Big Sur in the giant redwoods, where the
rushing river comes downs through the forest from its birthplace far back in the mysterious
shrouded canyons of the great Santa Lucia Range.”

Claude M. Kreider. Steelhead.
G.P. Putnam’s Sons, New York. 1948

2004, Hildebrandt 2004, Hudson and Blackburn
1982, Horne 1981, Swezey and Heizer 1977,
Spanne 1975, Tainter 1975).

1.1 South-Central California Coast
Steelhead at Risk

Steelhead are the anadromous, or ocean-going,
form of the species Oncorhynchus mykiss.
Historically, these fish were the only abundant
salmonid species that occurred naturally within
the coast ranges of South-Central California
(Jordan and Evermann 1896, 1923, Jordan and
Gilbert 1881). Steelhead entered the rivers and
streams draining the Coast Ranges from Point
Santa Cruz to Point San Luis during the winter
and spring, when storms produced sufficient
runoff to breach the sandbars at the rivers’
mouths and provided fish passage to upstream
spawning and rearing habitats. These fish and
their progeny were sought out by recreational
anglers during the winter, spring and summer
fishing seasons (Alagona et al. 2012, Swift et al.
1993, Lufkin 1992, Nehlsen, et al, 1991,
Shapovalov et al. 1981, Capelli 1974, Boydstun
1973, Fry 1973, 1938, Combs 1972, Puckett 1970,

Shapovalov and Taft 1954, Kreider 1948, Hubbs
1946, Snyder 1913). The ethnographic and
archaeological evidence regarding the role of O.
mykiss in Native American culture is currently
limited and subject to varying interpretation by
investigators (Hosale 2010, Lightfoot and
Parrish 2009, Glassow et al. 2007, Gobalet et al.,

Steelhead Angler, Big Sur River, c. 1940s.

Following the dramatic rise in South-Central
California’s human population after World War
II' and the associated land and water
development  within  coastal  drainages
(particularly major dams and water diversions),
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steelhead abundance rapidly declined, leading
to the extirpation of populations in many
watersheds and leaving only sporadic and
remnant populations in the remaining, more
highly modified watersheds such as the Salinas
River and Arroyo Grande Creek watersheds
(Boughton et al. 2005 Good et al. 2005,
Helmbrecht and Boughton 2005, Busby et al.
1996). While the steelhead populations declined
sharply, most coastal watersheds retained
populations of the non-anadromous life history
form of the species (commonly known as
resident or rainbow trout), often in the upper
reaches of watersheds within national forest
lands that were more protected from the
impacts of human development. In response to
the dwindling native  populations  of
anadromous and related non-anadromous
resident O. mykiss, and in an effort to meet the
burgeoning demand for recreational fishing
opportunities, the California Department of Fish
and Wildlife expanded an extensive put-and-
take stocking program (Dill et al. 1997, Leitritz
1970, Butler and Borgeson 1965). This program
was aimed principally at recreational anglers,
and was not intended or expected to address the
underlying causes of the decline of the
anadromous runs in South-Central California.
As conditions in South-Central California
coastal rivers and stream continued to
deteriorate, put-and-take trout stocking became
more focused on suitable manmade reservoirs.
Since the listing of the SCCCS DPS as threatened
in 1997, the California Department of Fish and
Wildlife has ceased stocking hatchery reared
fish in the anadromous waters of South-Central
California (California Department of Fish and
Wildlife and U.S. Fish and Wildlife Service
2010).

A substantial portion of the upper watersheds,
which contain the majority of historical
spawning and rearing habitats for anadromous
O. mykiss, remain intact (though inaccessible to
anadromous fish) and protected from intensive
development as a result of their inclusion in the
Los Padres National Forest (Blakley and
Barnette 1985, Brown 1945). Additionally, a

significant amount of land within South-Central
California coastal watersheds is protected by
inclusion within State Parks and various
military installations, including the upper
Salinas watershed (such as portions of the

Nacimiento and San Antonio Rivers) within the
California Army National Guard Camp Roberts
and the U.S Army’s Fort Hunter Liggett.

' T = 2
Juvenile Steelhad, carmel River, 10
NMES'’s responsibility and goal is to prevent the
extinction of steelhead in the wild and ensure
the long-term persistence of self-sustaining wild
populations of steelhead within the SCCCS DPS
by addressing those factors limiting the species’
ability to survive and reproduce in the wild. The
species can be removed from the list of
federally-protected threatened and endangered
species only after this goal has been reached.

Recovery of steelhead will require reducing
threats to the long-term persistence of wild
populations,
interconnected populations of steelhead across
the diverse habitats of their native range, and
preserving the diversity of steelhead life history
strategies that allow the species to withstand

maintaining multiple

natural environmental variability—both intra-
annually and over the long-term.

An effective steelhead recovery program will
require the implementation of a series of
coordinated recovery actions that:

a Prevent steelhead extinction by
protecting existing populations and
their habitats.

d Maintain  current  distribution  of

steelhead and restore distribution to
previously occupied areas that are
essential for recovery.
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a Increase abundance of steelhead to
viable population levels, including the
expression of all life history forms and
strategies.

a Conserve existing genetic diversity and
provide opportunities for natural
interchange of genetic material between
and within metapopulations.

a Maintain and restore suitable habitat
conditions and characteristics for all life
history stages so that viable populations
can be sustained naturally.

a Refine and demonstrate attainment of
recovery criteria through research and
monitoring.

Preventing the extinction of steelhead has long
term implications for all O. mykiss populations
(Boughton et al. 2007b, Boughton and Goslin
2006). Steelhead have evolved an ability to
search out and use a wide variety of ever-
changing habitats over millennia. The loss of
steelhead would initiate a process of irreversible
cumulative extinctions of other native O. mykiss
trout populations in the region because the
evolutionary innovations that are the product of
anadromy could no longer be spread among the
remaining resident O. mykiss populations.
Because of the naturally dynamic and unstable
environment of South-Central California, the
remaining resident O. mykiss populations would
likely continue on the path of gradual
differentiation and perhaps even speciation
(Hoelzer et al. 2008), but with a vastly reduced
ability to innovate and survive in a changing
environment., thus increasing their chance of
extirpation.

1.2 South-Central California Coast
Steelhead Listing History

After NMFS completed a comprehensive status
review of all West Coast steelhead populations
(Busby et al. 1996), SCCCS populations were
proposed for listing by NMFS as an threatened
Evolutionarily Significant Unit (ESU) on August
9, 1996 (61 FR 41541). An ESU is composed of a
group of conspecific populations that are
substantially reproductively—isolated from other
conspecific populations, and that possess
important elements of the evolutionary legacy of
the species which are expressed genetically and
phenotypically that have adaptive value (56 FR
224, Waples 1998, 1995, 1991a, 1991b). The
South-Central Coast Steelhead ESU was
formally listed as threatened on August 18, 1997
(62 FR 43937). The original ESU boundaries
during the first listing of 1997 were from the
Pajaro River (at the border between Santa Cruz
and Monterey Counties) south to (but not
including) the Santa Maria River (southern San
Luis Obispo County). During the time between
the initial listing and a subsequent re-listing in
2006, NMFS adopted the DPS designation for
steelhead to replace the ESU designation to be
consistent with the listing policies and practices
of the U. S. Fish and Wildlife Service. A DPS
designation (61 FR 4722) uses similar but
slightly different criteria from the ESU
designation for determining when a group of
organisms constitutes a DPS wunder the
Endangered Species Act (ESA). A DPS is a
population or group of populations that is
discrete from other populations of the same
taxon, and significant to its taxon. A group of
organisms is discrete if it is “markedly separated
from other populations of the same taxon as a
consequence  of  physical,  physiological,
ecological, and behavioral factors.” While a
group of organisms is discrete if it is “markedly
separated from other populations of the same
taxon” it does not have to exhibit reproductive
isolation under the DPS designation.
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Following a subsequent status review of West
Coast steelhead populations in 2005 (Good et al.
2005), a final listing determination for the
threatened SCCCS DPS was issued on January 5,
2006 (71 FR 834).

The final designation for the SCCCS DPS
encompasses all naturally spawned steelhead
between the Pajaro River (at the border between
Santa Cruz and Monterey Counties) south to
(but not including) the Santa Maria River (at the
border of San Luis Obispo and Santa Barbara
Counties). Consequently, this DPS includes only
those O. mykiss whose freshwater habitat occurs
below impassible barriers, whether artificial or
natural, and which exhibit an anadromous life
history. Individuals originating in freshwater
above impassable barriers and exhibit an
anadromous life history are also considered as
part of the DPS when they are within waters
below the most downstream impassable
barriers. All listed fish are protected under the
“take” provisions of Section 9 of the ESA.

1.3 Designated Critical Habitat

The ESA requires NMFS to designate critical
habitat for all listed species. Critical habitat is
defined as specific areas where physical or
biological features essential to the conservation
(recovery) of the species exist and may require
special ~ management
protection. For recovery planning and
implementation purposes, these physical or
biological features can be viewed as the set of
habitat characteristics or conditions that are the
end goal of many recovery actions.

considerations or

When designating critical habitat, NMEFS
considers certain habitat features called
“Primary Constituent Elements” (PCEs) that are
essential to support one or more life history
stage(s) of the listed species (50 CFR 424.12b).
PCEs considered essential for the conservation
of the SCCCS DPS are those sites and habitat
components supporting one or more life stages
and containing physical or biological features
essential to survival, growth, and reproduction.

These PCEs include:

U Freshwater spawning sites with
sufficient water quantity and quality as
well as adequate substrate (ie.,
spawning gravels of appropriate sizes)
to support spawning, incubation and
development.

U Freshwater rearing sites with sufficient
water  quantity  and
connectivity to form and maintain
physical habitat conditions and allow
development and mobility; sufficient
water quality to support growth and

floodplain

development; food and nutrient
resources such as terrestrial and aquatic
invertebrates and forage fish; and
natural cover such as shade, submerged
and overhanging large wood, log jams,
aquatic vegetation, large rocks and

boulders, side channels, and undercut
banks.

O Freshwater migration corridors free of
obstruction and excessive risk of
predation with adequate water quantity
to allow for juvenile and adult mobility;
cover, shelter, and holding areas for
juveniles and adults; and adequate
water quality to allow for survival.

Q Estuarine areas that provide
uncontaminated water and substrates;
food and nutrient sources to support
growth and  development; and
connected shallow water areas and
wetlands to conceal and shelter
juveniles. Estuarine areas include

coastal lagoons that are seasonally

stable,  predominantly  freshwater-
flooded habitats that remain
disconnected  from  the  marine
environment except during high
streamflow  events, and tidally-

influenced estuaries that provide a

dynamic shallow water environment.
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U Marine areas with sufficient water
quality to support growth, development
and mobility; food and nutrient
resources such as marine invertebrates
and forage fish; and nearshore marine
habitats with adequate depth, cover and
marine vegetation to provide shelter.

The final critical habitat designation for the
SCCCS DPS was issued on September 2, 2005
(70 FR 52488). A total of 1,240 miles of stream
habitat and three square miles of estuarine
habitat were designated as critical habitat from
the 28 watersheds within the range of this DPS.
Critical habitat for the SCCCS DPS includes
most, but not all, occupied habitat from the
Pajaro River (at the border between Santa Cruz
and Monterey Counties) south to (but not
including) the Santa Maria River (at the border
between San Luis Obispo and Santa Barbara
Counties), but excludes some occupied habitat
based on economic considerations and all
military lands with occupied habitat. The stream
channels with designated critical habitat are
listed in 70 FR 52488. A review of the current
critical habitat designations may result in
modifications of the current critical habitat
designations, including the addition of
unoccupied habitat which exhibit PCEs.

1.4 The
Process

Recovery Planning

The ESA, as amended (16 U.S.C. 1531 et seq.),
mandates that NMFS develop and implement
recovery plans for the conservation of listed
species. The SCCCS DPS was listed as
threatened in 1997 under the ESA. The
development and implementation of a Recovery
Plan for the SCCCS DPS is considered vital to
the continued persistence and recovery of
steelhead in the South-Central California Coast.

NMFS has established a South-Central
California Coast Steelhead Recovery Planning
Area for the purposes of developing this
Recovery Plan and guiding the implementation
of actions to recover this species. The SCCCS

Recovery Planning Area extends from the Pajaro
River (at the border between Santa Cruz and
Monterey Counties) south to (but not including)
the Santa Maria River (at the border between
San Luis Obispo County and Santa Barbara
Counties) and includes those portions of coastal
watersheds that are at least seasonally accessible
to steelhead entering from the ocean as well as
the upstream portions of some watersheds that
are currently inaccessible to steelhead due to
man-made barriers. NMFS” West Coast Regional
offices in Long Beach and Santa Barbara,
California were responsible for the development
of the recovery plan for the SCCCS DPS.

The Recovery Plan serves as a guideline for
achieving recovery goals by describing the
biological criteria that the listed species (and
individual populations) must exhibit, and the
recovery actions necessary to meet these criteria.
Although recovery plans provide guidance, they
are not regulatory documents. However, the
ESA envisions recovery plans as the central
organizing tool for guiding the recovery of listed
species. Recovery plans also provide guidance
to federal agencies fulfilling their obligations
under Section 7(a)(1) of the ESA, which calls on
all federal agencies to “utilize their authorities in
furtherance of the purposes of this Act by
carrying out programs for the conservation of
endangered species and threatened species . . .”.
In addition to outlining proactive measures to
achieve species recovery, recovery plans provide
a context and framework for implementing
other provisions of the ESA, including
consultations on federal agency activities under
Section 7(a)(2) and the development of Habitat
Conservation Plans (HCPs) in accordance with
Section 10(a)(1)(B).

Recovery plans are also intended to be used to
inform local, state, tribal and non-governmental
entities and individuals who may wish to
participate in the conservation and recovery of
the species, or who are engaged in activities that
may adversely affect that species. Successful
implementation of a recovery plan depends
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upon the cooperation of stakeholders and
planning and regulatory entities.

Pursuant to Section 4(f) of the ESA, a recovery
plan must be developed and implemented for
species listed as threatened or endangered,
unless it is found that such a plan will not
promote the conservation of the species. A
recovery plan must include the following:

U Objective, measurable criteria, which,
when met, will allow delisting of the
species (see Chapter 6, Steelhead
Recovery Goals, Objectives & Criteria);

a A description of site-specific

management actions necessary for

recovery (see Chapters 9 through 13,

Biogeographic Population Groups; also

Chapter 7, Steelhead Recovery Strategy,

and Chapter 8, Summary of DPS-Wide

Recovery Actions); and

O Estimates of the time and cost to carry
out the recommended recovery measure
(see  Chapters 9  through 12,
Biogeographic =~ Population = Groups,
Recovery Action Tables; and Appendix
E, Recovery Action Coast Estimates for

Steelhead Recovery Planning).

Past recovery plans for other listed species have
generally focused on the abundance,
productivity, habitat, and other life history
characteristics of a species. While knowledge of
these characteristics is important for making
sound conservation management decisions, the
long-term sustainability of a threatened or
endangered species can only be ensured by
alleviating the threats that are contributing to
the decline of that species or impeding its
recovery. Therefore, the identification of such
threats is a key component of any recovery
program (National Marine Fisheries Service
2010Db).

The Interim Endangered and Threatened
Species Recovery Planning Guidance document
(National Marine Fisheries Service 2010b)
recommends “...using a threats assessment for
species with multiple threats to help identify the
relative importance of each threat to the species’
status, and, therefore, to prioritize recovery actions in
a manner most likely to be effective for the species’
recovery.” This Recovery Plan uses this
recommended approach to identify and
prioritize threats to the SCCCS DPS. The
prioritized threats are then used to guide the
identification of specific recovery actions.
Chapter 4, Current DPS-Level Threats
Assessment, summarizes the threats across the
DPS and Chapters 9 through 12 provide a
summary of the threats assessments within each
of the four BPGs of the DPS. The threats
assessment method is discussed in Appendix D,
South-Central ~California Coast Steelhead
Recovery Planning Area Threats Assessment
(CAP Workbooks) Methodology.

Finally, it should be emphasized that
development of a recovery plan is the beginning
of the recovery process. Implementation of
recovery plans will require the development of
site-specific and project specific information,
and involvement of interested stake-holders to
ensure that recovery actions are effective and
sustainable.
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Figure 1-1. South-Central California Coast Steelhead Recovery Planning Area.
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1.4.1 South-Central/Southern California
Coast Steelhead Technical Recovery
Team

As part of its recovery planning efforts, NMFS
assembled a team of scientists with a wide
variety of expertise in biological and physical
sciences to provide technical assistance to the
recovery planning process for South-Central
California Coast steelhead; this group is known
as the Technical Recovery Team (TRT). NMFS’
intent in establishing the TRT was to seek
geographic and species-specific expertise to
develop a scientific foundation for the recovery
planning. The TRT produced and published a
number of Technical Memoranda, which
provide a description of the unimpaired
historical populations within the Recovery
Planning Area (Boughton et al. 2006), and
identified viability criteria for anadromous O.
mykiss in the SCCCS DPS (Boughton et al.
2007b).  Additionally, NMEFS’s  Southwest
Fisheries Science Center — Santa Cruz, produced
and published a number of additional Technical
Memoranda dealing with potential over-
summering habitat in the region (Boughton and
Goslin 2006), the reduction of the South-Central
range limit of anadromous O. mykiss (Boughton
et al. 2005), research and monitoring (Boughton
2010b), and recovery strategies in a changing
environment (Boughton 2010a). Finally, NMEFS’s
Southwest Fisheries Science Center undertook a
number of genetic investigations in an attempt
to identify the population structure of the
SCCCS DPS, and provided scientific review of
local and regional recovery efforts (Clemento et
al. 2009, Pearse and Garza 2008, Girman and
Garza 2006; see also, Nielsen et al. 2001, 1994c).

1.4.2 Public Participation

Local, state, and federal support of recovery
planning by those whose activities directly affect
the listed species, and whose actions will be
most affected by recovery requirements, is
essential to the successful implementation of
any recovery plan. NMEFS supports and
participates in collaborative efforts to develop
and implement recovery plans by engaging local
communities, state and federal entities, and
other stakeholders.

As part of the recovery planning process, NMFS
published a notice of intent to prepare a
Recovery Plan for the species in the Federal
Register and conducted a series of Recovery
Planning Workshops to solicit information on
threats and recovery actions as part of the
development of the Recovery Plan for the
SCCCS DPS. Public workshops were held in
Arroyo Grande and Carmel, California in April
2007 and in San Luis Obispo and Carmel,
California in June 2007.

At these workshops, NMFS provided a general
overview of the:

Q federal recovery planning process;

Q preliminary  timeline for NMEFS
Recovery Plan development;

a current understanding of steelhead
populations and their habitats;

a threats assessment process and the
threats identified by NMFS; and

also received public input on potential recovery
actions.

Following the overview, workshop participants
were separated into smaller, facilitated breakout
groups to identify threats to specific steelhead
populations and their habitats. In the final set of
workshops, breakout groups identified potential
recovery actions for specific populations and
habitats. Information obtained from these
workshops was used in the initial development
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of a formal threats assessment analysis using
The Nature Conservancy’s Conservation Action
Planning (CAP) threats assessment method, and
the identification of a full suite of recovery
actions based on those threats. See Appendix D,
South-Central Coast  Steelhead
Recovery Planning Area Threats Assessment
(CAP) Workbook Method.

California

NMFS has also established a web page to
provide ongoing updates and information to the
public about the recovery planning process,
access to Recovery Plan materials and
implementation of recovery actions. The web
page for recovery planning and implementation
for the SCCCS DPS (including the Recovery
Plan, related NOAA Technical Memorandum,
and Threats Assessment summaries) can be
found at:

http://www.westcoast.fisheries.noaa.gov/protect
ed species/salmon steelhead/recovery plannin

¢ and implementation/south central southern
california_coast/south central southern californ
ia_salmon recovery domain.html

NMFS released a Public Review Draft of the
South-Central California Steelhead Recovery in
September 2012 and held public hearings at the
end of October in San Luis Obispo, San Luis

Obispo County, and Monterey, Monterey
County. NMEFS also solicited written public
comments until mid-December, and extended
the comment period until June 2013 to allow the
CDFW an additional opportunity to provide
comments on the Recovery Plan.

Finally, recovery of the species cannot occur
without  public the
implementation process. NMFS encourages the
efforts dedicated to
improving watershed ecosystem conditions.
NMES believes it is critically important to base
steelhead recovery efforts on the many federal,
state, regional, local, and private conservation

involvement in

of watershed groups

efforts already underway throughout the region.
Local support of the Recovery Plan by those
whose activities directly affect the listed species,
and whose actions will be most affected by
recovery efforts, is essential. NMFS therefore
supports
collaborative efforts to develop projects and
plans, involving local communities, state and
federal entities, and other stakeholders. NMFS
anticipates

and participates in locally-led

watershed groups
entities the
recommendations provided in this Recovery
Plan to further refine and develop recovery
actions to abate threats and meet recovery
objectives.

and private

will utilize information and
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Steelhead Biology and Ecology

2. Steelhead Biology and

Ecology

“[W]e must constantly keep in mind that variation, i.e., deviation from the norm, is one
of the most marked characteristics of animal life. And of the vertebrates, the trout are
among the most variable of all. Further, of the trout the steelhead is one of the most
variable forms. . . . As an example, in the coastal streams most fish migrate in their first
yeau, third, fourth, or fifth years, or do not migrate at all.”

Leo Shapovalov and Alan C. Taft,

Life Histories of Steelhead Trout and Silver Salmon, 1954

2.1 SPECIES TAXONOMY AND
LIFE HISTORY

Oncorhynchus mykiss is one of six Pacific
salmon in the genus Oncorhynchus that are
native to the North American coast. O.
mykiss, along with other species of Pacific
salmon exhibit an anadromous life history,
which means that juveniles of the species
undergo a physiological change that allows
them to migrate to and mature in salt water
before returning to their natal rivers or
streams (i.e., where they were originally
spawned) to reproduce (Benke 2002, 1992).

Two principal steelhead recovery objectives
are to increase abundance of steelhead and
to preserve the expression of their diverse
life  history strategies. @A  schematic
illustration of the various life history
strategies that occur in the SCCCS Recovery
Planning Area is shown in Figure 2-1. The
figure is best understood by tracing the
various pathways a freshwater juvenile may
follow. Those pathways may remain entirely
within freshwater ecosystems or transition
between freshwater, estuarine and marine
ecosystems. The use of these different
confers

environments advantages or

disadvantages to the survival and
reproductive success of the individual
depending on the conditions of those
environments. Even though neighboring
watersheds can differ, a viable population of
steelhead  may
expressing many, if not all, the diverse life
history strategies exhibited by the species.
See discussion below in Section 2.6, South-
Central  California  Coast  Steelhead

Freshwater Life Cycle Habitat Use.

contain individuals

Steelhead are a highly migratory species.
Adult steelhead (Figure 2-2) spawn in
coastal watersheds; their progeny (Figure 2-
3) rear in freshwater or estuarine habitats
prior to migrating to the sea. Within this
basic life history pattern, the species exhibits
a greater variation in the time and location
spent at each life history stage than other
Pacific ~ salmon  within the genus
Oncorhynchus (Hayes et al. 2012, 2011, Quinn
2005, Hendry et al. 2004, Hendry and Stearns
2004).

The life cycle of steelhead generally involves
rearing in freshwater for one to three years
before migrating to the ocean and spending
from one to four years maturing in the
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marine environment before returning to
spawn in freshwater. The ocean phase
provides a reproductive advantage because
individuals that feed and mature in the
ocean grow substantially larger than native
freshwater residents, and larger females
produce  proportionately more eggs;
however, the freshwater phase provides
protected rearing environment, relatively
free of competition and predators. This life
history strategy is referred to as “fluvial-
anadromous”. Out-migration to the ocean
(i.e., emigration) usually occurs in the late
winter and spring. In some watersheds,
juveniles may rear in a lagoon or estuary for
several weeks or months prior to entering
the ocean. The timing of emigration is
influenced by a variety of factors such as
photoperiod, streamflow, temperature, and
breaching of the sandbar at the river’s
mouth. These out-migrating juveniles,
termed smolts (Figure 2.4), live and grow to
maturity in the ocean for one to four years
before returning to freshwater to reproduce
(Jacobs et al. 2011, Beakes et al. 2010, Borg
2010, Haro et al. 2009, Leder et al. 2006,
Quinn 2005, Davies 1991, Groot and
Margolis 1995, 1991, Martin 1995, Northcote
1958, Shapovalov and Taft 1954).

The ocean phase of steelhead has not been
studied extensively, and is an important
area for research. Though marine migration
studies of other species of Omncorhynchus
have encountered only isolated specimens
of O. mykiss and as a result it is believed that
the species does not generally congregate in
large schools like other Pacific salmon of the
genus Oncorhynchus (Grimes et al. 2007,
Aydin et al. 2005, Burgner et al. 1992, 1980,
Groot and Margolis 1991, Myers et al. 2000,
1996, Hartt and Bell 1985). Consequently,
the movement patterns of steelhead at sea
are poorly understood. Some anadromous
salmonids have been found in coastal
waters relatively close to their natal rivers,

while others may range widely in the North
Pacific (Quinn 2005, Quinn and Myers 2005,
Myers et al. 1996, Groot and Margolis 1991,
Burgner ef al. 1992, 1980, McNeil and
Himsworth 1980).

Returning adults may migrate from several
to hundreds of miles upstream to reach their
spawning grounds. The specific timing of
spawning can vary by a month or more
among streams within a region, occurring in
winter and early spring, depending on
factors such as run-off and sandbar
breaching (Jacobs et al. 2011, Fukushima and
Lesh 1998, Shapovalov and Taft 1954). Once
they reach their spawning grounds, females
use their caudal fin to excavate a nest (redd)
in streambed gravels where they deposit
their eggs. After fertilization by the male,
the female covers the redd (often during
construction of additional upstream redds)
with a layer of gravel, where the embryos
and alevins incubate within the gravel.
Hatching time varies from about three
weeks to two months depending on water
temperature. The young fish emerge from
the gravel two to six weeks after hatching.
Adult steelhead do not necessarily die after
spawning and may return to the ocean,
sometimes  repeating their spawning
migration one or more times. It is rare for
steelhead to spawn more than twice before
dying, and most that do so are females
(Moyle et al. 2008, Moyle 2002, Beacham and
Murray 1993, 1990). The frequency of repeat
spawning among SCCCS DPS populations
has not been investigated, and it is therefore
unknown how it may differ from other
populations, or the role repeat spawning
plays in the population dynamics in South-
Central California. Additional details
regarding this species’ life history can be
found in Barnett and Spence (2011), Quinn
(2005), Bjornn and Reiser (1991), Barnhart
(1986, 1991), and Shapovalov and Taft
(1954).
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This species may also display a non-
anadromous life history pattern (ie, a
“freshwater-resident” strategy). It has been
common practice to refer to non-
anadromous individuals that complete their
entire life history cycle (incubating,
hatching, rearing, maturing, reproducing,
and dying) in freshwater as rainbow trout,
while referring to those emigrating to and
maturing in the ocean as steelhead.
However, this terminology does not capture
the complexity of the life history cycles
exhibited by native O. mykiss. Individuals
can complete their life history cycle
completely in freshwater, or they can
migrate to the ocean after one to three years,
and spend two to four years in the marine
environment before returning to freshwater
rivers and streams to spawn.

Additionally, “rainbow trout” which have
completed their life history cycle entirely in
freshwater sometimes produce progeny
which become anadromous and emigrate to
the ocean and return as adults to spawn in
freshwater. Conversely, it has also been
shown that steelhead may produce progeny
which complete their entire life cycle in
freshwater. This switching of life history
strategies has been demonstrated by
studying the microchemistry of O. mykiss
otoliths (small inner ear bones), where time
spent in marine and fresh waters can
effectively be tracked by the presence or
absence of certain ocean-derived elements in
the Dbone tissue (Zimmerman 2005).
Zimmerman and Reeves (2000) used this
technique to uncover occasional life history
switching in O. mykiss populations in
Oregon. O. mykiss in the SCCCS Recovery
Planning Area have not yet been examined
in this way, but various lines of evidence
(e.g., native inland resident fish in systems
such as the upper Old Creek and Arroyo
Grande  Creek  exhibiting  smolting
characteristics, river systems producing

smolts with no regular access for adult
steelhead) indicate that switching between
freshwater and anadromous life cycles is
likely occurring (M. Capelli, personal
communication). The cues that trigger this
phenomenon are unknown, but may be
linked to environmental variation (Hayes et
al. 2012, Satterthwaite et al. 2012, 2010, 2009,
Sogard et al. 2011). For example, juvenile
residency can be strongly influenced by the
hydrologic cycle in South-Central California,
where extended droughts can cause
juveniles to become land-locked and
therefore unable to reach the ocean
(Boughton et al. 2009, 2006).

Lastly, there is a third type of life history
strategy displayed by O. mykiss that is
referred to as “lagoon-anadromous.” Bond
(2006), working at a study site in northern
Santa Cruz County, has shown that each
summer a fraction of juvenile O. mykiss
over-summered in the estuary of their natal
creek. Like South-Central California
estuaries, this estuary was cut off from the
ocean during the summer a sandbar,
creating a seasonal lagoon. Bond (2006)
showed that many juveniles grow fast
enough after their first year of lagoon
rearing to migrate to the ocean, and most
enter the ocean at a larger size than the same
year class fish rearing in freshwater habitats
of the stream system. Larger size generally
enhances survival in the ocean, and the
lagoon-reared fish represented a large
majority of the returning adult spawning
population (Hayes et al. 2008, Bond 2006).
Steelhead populations in the SCCCS
Recovery Planning area have not been
investigated to determine whether or to
what extent they may exhibit this life history
strategy, though estuarine conditions in
many watersheds are similar those which
have been investigated and documented in
watersheds north of the SCCCS DPS.
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Closely related to these life history strategies
is steelhead use of a wide variety of habitats
over their lifespan, including river
mainstems, small montane tributaries,
estuaries, and the ocean. Steelhead move
between these habitats because each habitat
supports only certain aspects of what the
fish require to complete their life cycle.

Populations frequently differ in the timing
and habitats they use while pursuing the
general pattern of the anadromous life cycle;
these  differences may  reflect the
evolutionary response of populations to
environmental opportunities, subject to a
variety of biological constraints that are also
a product of evolution.

I Breshwarer X
= Juveniles ¢
T - \ A
F \ / - |
\

Brackish

Anadromous N
Adults™

Other
Populations
Elsewhere

Life History Plasticity of

Oncorhynchus mykiss
South-Central/Southern California

Figure 2-1. Summary of the various life history strategies exhibited by South-Central California
Coast O. mykiss and the life stage specific terminology.
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Within each of the three basic life history
strategies (fluvial-anadromous, freshwater-
resident, and lagoon-anadromous), there is
additional variation, including examples of
finer-scale habitat switching, such as
multiple movements between lagoon and
freshwater habitats in the course of a single

summer in response to fluctuating habitat
conditions; and also so-called “adfluvial”
populations  that inhabit freshwater

reservoirs but spawn in tributary creeks
(Hayes et al. 2012, 2011, 2008, M. Capelli,
personal communication).

_ .

Figure 2-2. Adult Steelead (O. mykiss) (c. 75 cm),

Uvas Creek, Pajaro River, Santa Clara County,
2012.

Creek, Salinas River, Monterey County, 2008.
(Courtesy Jenna Voss)

Figure 2-4. Steelhead smolts (c. 19 cm), Arroyo
Seco, Salinas River, Monterey County, 2011
(Courtesy Monterey County Water Resources
Agency)

2.2 SPECIES FRESHWATER
DISTRIBUTION AND POPULATION
STRUCTURE

Differences between the historical and
current distributions of South-Central
California Coast steelhead illustrate their
present threatened status. Many
anadromous populations have become
reduced to critically low levels or extirpated,
e.g., in the Salinas River and in the southern
extent of their range (Boughton et al. 2006,
2005, Boughton and Fish 2003, Augerot
2005). Individual anadromous populations
within this SCCCS Recovery Planning Area
have been severely reduced or in some cases
extirpated (Table 2-1, Figure 2-5). Some
smaller watersheds may have originally
supported only sporadic steelhead runs, or
intermittent native resident populations that
experienced repeated local extinctions and
recolonizations by anadromous immigrants
in dry and wet cycles, respectively. This
aspect of the freshwater distribution and
population structure of O. mykiss has not
been extensively studied, and as a result is
not well understood (Boughton et al. 2006).

NMFS conducted an extensive O. mykiss
population survey (targeted primarily at
juveniles) in 2002 of most of the coastal
watersheds  within the South-Central
California  Coast Steelhead (SCCCS)
Recovery Planning Area (Boughton and Fish
2003). Of the 39 watersheds in which
steelhead were known to have occurred
historically, virtually all were still occupied
by either native resident O. mykiss or
steelhead. One of these watersheds was
considered unoccupied by steelhead
because it was dry (Old Creek), and one was
considered unoccupied because the survey
found no current evidence of O. mykiss
(Cayucos Creek). However, O. mykiss have
subsequently been observed in both of these
watersheds (M. Capelli, personal
communication). (Table 2-1, Figure 2-5).
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One of the objectives of this Recovery Plan is
to maintain the current distribution of
steelhead and restore distribution to a
variety of previously occupied areas.
Reduced flow and fish-passage barriers (and
therefore opportunities to migrate) appear
to have played a large role in watershed-
wide reductions or extirpations of SCCCS
steelhead; however, in many cases,
ancestors of sea-run steelhead continue to
persist as native resident populations above
barriers in these same stream systems, and
in some cases produce progeny that
emigrate downstream, past the barriers to
the ocean as smolts. In an investigation of
the contraction of the southern range of
California steelhead limit of O. mykiss, it was
found that the majority (68%) of
anadromous population extirpations were
associated with anthropogenic barriers
which restricted the wuse of upstream
habitats for spawning and rearing by the
anadromous form of O. mykiss. Between
58% and 65% of these stream systems
maintain O. mykiss populations, either above
or below the anthropogenic barriers
(Boughton et al. 2005). Land use and water
management practices, in combination with
anthropogenic barriers to anadromy, have
also contributed significantly to the
steelhead  distribution,
particularly in mainstem habitats such as
the Pajaro and Salinas Rivers in the Interior
Coast Range BPG, and Pismo and Arroyo
Grande Creeks in the Luis Obispo Terrace
Biogeographic BPG.

reduction in

These resident populations could include
fish that are considered naturally persistent
residents, descendants of steelhead that
have been blocked from downstream
emigration by barriers (including irregular
or inadequate flows to the ocean) and have
been forced to adopt a resident life cycle
strategy (i.e., “residualized” populations), or
in some cases perhaps progeny of stocked

O. mykiss found above barriers to steelhead
migration (Boughton et al. 2005).
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Table 2-1. South-Central California Coast watersheds historically occupied by populations of
steelhead (listed from north to south). Several watersheds with historical populations now have
barriers that block migration to portions of the watershed (modified after Boughton et al. 2006).:

WATERSHED EXTANT?
Pajaro River Yes
Salinas River Yes
Carmel River Yes

San Jose Creek Yes

Malpaso Creek® Yes

Garrapata Creek Yes
Rocky Creek Yes
Bixby Creek Yes

Little Sur River Yes

Big Sur River Yes
Partington Creek Yes
Big Creek Yes
Vicente Creek’ Yes
Mill Creek Yes
Prewitt Creek Yes
Plaskett Creek Yes
Willow Creek - Monterey Yes
Alder Creek Yes
Villa Creek Monterey Yes
Salmon Creek Yes
San Carpoforo Creek Yes
Arroyo de la Cruz Yes
Little Pico Creek Yes
Pico Creek Yes
San Simeon Creek Yes
Santa Rosa Creek Yes
Villa Creek — SLO Yes
Cayucos Creek Negative obs.?
Old Creek Dry*
Toro Creek Yes
Morro Creek Yes
Chorro Creek Yes
Los Osos Creek® Yes
Islay Creek Yes
Coon Creek Yes
Diablo Canyon Yes
San Luis Obispo Creek Yes
Pismo Creek Yes
Arroyo Grande Creek Yes

t Awatershed includes all of the tributaries and main-stem which share a common outlet to the ocean.

2 Data from: Becker, et al. 2008, Boughton et al. (2005), Sleeper (2002), Titus et al. (2010), M. Capelli, NOAA-NMFS,
personal communication (2007-2012), M. Larson, CDFW, personal communication (2007-2011).

3 “Negative obs.” means juveniles were not observed during a spot-check of best-occurring summer habitat in 2002;
however, such spot observations should not be interpreted as definitive determinants of absence of O. mykiss. Old Creek
has an adfluvial population above of O. mykiss above Whale Rock Reservoir, and adult steelhead have been reported
in Old Creek below Whale Rock reservoir as recently as 1998 (National Marine Fisheries Service 1998).

4“Dry” indicates the stream had no discharge in anadromous reaches during the summer of 2002; because of the high
variability of the hydrologic regime, such spot-checks do not necessarily reflect the potential suitability of such reaches
for migration, spawning, or rearing of O. mykiss.; however, such an assumption may not be warranted since rearing
juvenile steelhead can make use of ephemeral reaches (Boughton et al. 2009). See Boughton et al. (2005).

South-Central California Coast Steelhead Recovery Plan December 2013

2-7



Steelhead Biology and Ecology

Several reports describe the historical steelhead
populations of the SCCCS Recovery Planning
Area (Boughton et al. 2005, Boughton and Goslin
2006, Boughton et al. 2006). Using this
information, the TRT proposed a structure for
steelhead of the SCCCS Recovery Planning Area
composed of four BPGs (Table 2-2). The division
of steelhead populations into BPGs followed
two basic rules: First, populations were sorted
into a coastal super-group and an inland super-
group, based on whether or not the most
potential freshwater habitats lay on an ocean-
facing watershed subject to marine-based
climate inversion and orographic (i.e., lifting)
precipitation from offshore weather systems.
Second, within the coastal and inland super-
groups, populations were sorted into groups
defined by contiguous areas with broadly

similar physical geography and hydrology. The
combinations of these physical characteristics
represent differing natural selective regimes for
the steelhead populations occurring in the
individual watersheds. These differing physical
characteristics have led to life history and
genetic adaptations that enable the populations
to persist in the widely varying and distinctive
habitat regimes represented by the four BPGs.
The purpose of delineating the BPGs is to guide
recovery efforts across the SCCCS Recovery
Planning Area to ensure the preservation and
recovery of the range of natural diversity of the
SCCCS Recovery Planning Area. From north to
south, these BPGs are known as: Interior Coast
Range, Carmel River, Big Sur Coast, and San
Luis Obispo Terrace (Figure 2-5).

Table 2-2. Ecological characteristics of BPGs in the South-Central California Coast Steelhead
Recovery Planning Area (originally Table 4 in Boughton et al. 2007b).

South-Central California Coast Steelhead ESU/DPS
Ecological Characteristics
. . . . . Summer . .
Population Migration Migration . Intermittent Winter
Group Corridor reliability? Climate Streams Precipitation
Refugial
Interior Coast .
Long alluvial Mostly <75 cm
2
Range valleys Moderate/Low Montane Many (highlands)
Carmel River Medium Valley Moderate Mavine+ Some 30-90 cm3
Montane
Big Sur Coast Short, steep High Marine Few 75-135cm
San Luis Obispo Coastal Terrace Moderate Mavine Some 60. —90cm
Terrace +Montane (highlands)

! Inferred reliability under an un-managed flow regime, that is conditions prior to European settlement.

2 The migration corridor of the mainstem crosses alluvial valleys, which renders the migration of adults, and especially
smolts, problematic, particularly in dry years - while much of its best freshwater habitat currently occurs in the redwood
forest at the southern end of the Santa Cruz Mountains — ecologically quite different from the chaparral watersheds of
the other east-slope populations.

3Exceptin the Santa Cruz Mountains of the Pajaro system, which are wetter.
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In characterizing the historical, pre-European
settlement population structure of the SCCCS
Recovery Planning Area, the TRT: 1) identified
the original anadromous O. mykiss populations
and attempted to determine which ones were
still extant; 2) delineated the potential
unimpaired geographic extent of each
population on a watershed scale; 3) estimated
the relative potential viability of each population
in its (hypothetical) unimpaired state; and 4)
assessed the potential demographic
independence of each population in its
(hypothetical) unimpaired state (Boughton and
Goslin 2006, Boughton et al. 2006, Helmbrecht
and Boughton 2005). This analysis entailed a
consideration of available historical and current
data on distribution and abundance of O. mykiss,
new genetic data, landscape data, climate data,
and stream discharge data. However, data
limitations, particularly a lack of long-term adult
steelhead run-size data, prevented the TRT from
providing definitive characterizations of pre-
European or current anadromous O. mykiss
populations, including the geographic extent of
individual populations, their intrinsic viability,
or demographic independence. For a discussion
of the constraints imposed by limited relevant
data see Boughton and Goslin (2006) and
Boughton et al. (2006). See Appendix B,
Watershed Intrinsic = Potential = Rankings,
Appendix C, Composition of SCCCS Recovery
Planning Area BPGs.

The separate watersheds comprising each BPG
are generally considered as individual O. mykiss
populations (i.e, one watershed = one
population of steelhead). Single BPGs
encompass multiple watersheds and multiple O.
mykiss populations. However, many watersheds

in the Big Sur Coast and San Luis Obispo
Terrace BPGs are relatively small, and may be
capable of supporting only small steelhead runs.
The basis for the persistence of steelhead
populations in these small watersheds is
uncertain. The TRT proposed that at least three
scenarios (not necessarily mutually exclusive)
are plausible for explaining the persistence of
these smaller populations (Boughton et al.
2007b):

1. Some of the populations in the coastal
BPGs, though small, may be exceptionally
stable and their continued presence may
depend in part on steelhead dispersal
between neighboring watersheds (an
independent population supporting one or
more dependent populations, thus forming
a metapopulation). See Appendix A for a
definition of an independent population.

2. Adult dispersal between neighboring
watersheds within a coastal BPG may occur
frequently enough to knit together the
steelhead in individual watersheds into a
small number of “trans-watershed”
populations (an independent population
comprised of the fish from two or more
neighboring streams, thus forming a
metapopulation).

3. The populations in the smaller coastal
watersheds (e.g., in the Big Sur Coast and
San Luis Obispo Terrace BPGs) may
depend on occasional or frequent adult
dispersal pulses from populations in the
larger inland watersheds (e.g., Interior
Coast Range or Carmel River BPGs).
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Figure 2-5. Biogeographic Population Groups (BPGs) in the South-Central California Coast

Steelhead Recovery Planning Area (after Boughton et al. 2007b).
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2.3 SPECIES ABUNDANCE

One of the recovery objectives in this recovery
plan is to increase the abundance of steelhead,
including the expression of all life history forms
and strategies. The limited documentation on
current abundance suggests the overall
population in the SCCCS DPS is extremely
small.  Estimating the magnitude of the
departure of the population from historical
conditions is further hampered because the run
size for most watersheds continues to be poorly
characterized and major impacts leading to
subsequent declines occurred prior to most
modern fish investigations in the SCCCS DPS.
The sporadic presence of steelhead in many
watersheds in the SCCCS DPS further
confounds assessment efforts.

The status of steelhead populations along the
West Coast was assessed in 1996 by the NMFS
Biological Review Team (BRT) (Busby et al.
1996). In 2002 NMFS conducted an extensive
survey of the geographic distribution of O.
mykiss within south-central and southern
California (Boughton and Fish 2003). Of the 39
watersheds  that  historically  supported
anadromous runs, virtually all continue to be
occupied by native O. mykiss, though most of the
populations are at historically low levels.

As a follow-up West Coast Status review Good
et al. (2005) reported three new significant pieces
of information for the SCCCS DPS: 1) an
updated time-series data set regarding adult
spawner counts at San Clemente Dam on the
Carmel River; 2) NMFS’ 2002, assessment of the
geographic distribution of O. mykiss within its
historical range (see above); and 3) changes in
harvest regulations for O. mykiss.

The status of the steelhead within California was
subsequently reviewed by Helmbrecht and
Boughton (2005), and again in 2011 (Williams et

! Subsequent to these investigations additional historical records
of 0. mykiss have been identified (see Becker & Reining 2008).

al. 2011). The following summarizes the findings
from these status reviews:

The steelhead populations in this region have
declined dramatically from estimated annual
runs totaling 27,000 adults near the turn of the
century to approximately 4,740 adults in 1965 to
several thousand total adults, with a large
degree of inter-annual variability (Busby et al.
1996, Good et al. 2005, Williams ef al. 2011).
However, this run-size estimate is based on
information from only five major watersheds
with steelhead (Pajaro, Salinas, Carmel, Little
Sur, and Big Sur Rivers) located in the northern
portion of the SCCCS Recovery Planning Area.
Run-size estimates from coastal and inland
watersheds south of the Big Sur have not been
estimated or recorded. Watersheds in the Big
Sur Coast BPG have had relatively less
disturbance than other BPGs and have most
likely experienced less dramatic declines, while
those within the San Luis Obispo Terrace BPG
with a larger population and more extensive
watershed developed, are likely to have
experienced more dramatic declines (Boughton
and Fish 2003, Boughton et al. 2005).
Additionally, available run-size estimates
represent only average annual estimates, and do
not describe the wide annual variation in run-
size that would be expected in a region with a
highly variable climate and habitat conditions.

The BRT further noted that information was
available to compute a trend for adult
escapement for only one population within the
DPS — the Carmel River above San Clemente
Dam. These Carmel River data indicate a
significant decline of 22 percent per year from
1963 to 1993, with an average five-year adult
count of only 16 adult spawners recorded at San
Clemente Dam for these years (Busby ef al. 1996,
Good et al. 2005; see also, Monterey County
Peninsula Water Management District 1991-
2013, and Chapter 10, Carmel River Basin
Biogeographic Population Group).

While -the BRT believed that general trends in
the SCCCS DPS could be inferred from this
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early-1960 to early-1990 data, they also noted the
relationship between anadromous and non-
anadromous O. mykiss, including possibly
populations
impassible dams, while unclear, was likely to be
important in the management of this species
years (Busby et al. 1996, Good et al. 2005).

residualized upstream  of

Data collected from the Carmel River since the
2005, BRT status review indicates the abundance
of anadromous O. mykiss spawners in the
Carmel River has increased since the 1987-1992
drought, but that the average run-size has
decreased since the early 1960s. Continuous
data have been collected for the period from
1988 through 2012 (however these counts are
incomplete because fish spawning below San
Clemente Dam are not included). Counts from
the start of the 1988-2002 period included three
consecutive years when no adult steelhead were
detected (1988, 1989, and 1990). A pen rearing
program was established for juvenile O. mykiss
using facilities at the Monterey Bay Salmon and
Trout Project and the Granite Canyon Marine
Lab; fry from the artificially spawned adults
were released above San Clemente Dam in the
early 1990’s. Steelhead counts increased from a
single adult reported in 1991, to 775 adults
reported in 1997 (see additional discussion in
Chapter 10, Section 10.3). The BRT noted that
the rapid increase in the number of returning
adult anadromous O. mykiss spawners to the
Carmel River could be attributed to a
combination of factors, including improved
freshwater conditions, improved resilience of
populations, high dispersal rates, or ability of
native resident O. mykiss to produce smolts. The
BRT also noted that while some component of
the increase is probably due to improved ocean
conditions during this period, it should not be
assumed that comparable increases have
occurred in other watersheds for the SCCCS
DPS.

Recent trends, based on the reported annual
count (May 2009) of adult steelhead show a
significant decrease: 95 fish at San Clemente
Dam, and 21 fish at Los Padres Dam. These

counts compare to average counts of 429 and
129 fish at San Clemente Dam and Los Padres
Dam, respectively, since the end of the last
drought in 1991 (Williams et al. 2011). The most
recent (2012-2013) counts for the Carmel River
indicate 452 adults at the San Clemente Dam,
and 204 adults at the Los Padres Dam, and
reflect the effects of the most recent drought
years 2007-2009 (Monterey Peninsula Water
Management District 2012). Since the listing of
South-Central California steelhead, there have
been some increased efforts to periodically
document observations of adults as well as more
systematic monitoring on a few watersheds with
recently constructed fish passage facilities or
active restoration efforts. For example, there are
fish trapping and monitoring efforts on the
Pajaro, lower Salinas River and the Carmel
Rivers.

Finally, the BRT reported that the California
Department of Fish and Wildlife (CDFW) has
prohibited sport harvest in the ocean (incidental
ocean harvest is rare), and imposes significant
angling restrictions within the anadromous
waters of the SCCCS DPS (e.g., restrictions on
timing, location, and gear used for angling).
However, CDFW continues to allow summer
trout fishing in significant parts of the Salinas
River system (i.e, upper Arroyo Seco,
Nacimiento River above barriers, upper Salinas
River, Salmon Creek, and the San Benito River
in the Pajaro River system, with zero bag limits);
additionally, there is currently take allowed of
hatchery fish in some systems, including the
Pajaro River.2 While some of these areas are
above impassable fish passage barriers, and
currently do not provide accessible spawning
and rearing habitat for anadromous O. mykiss,
these upper watershed do have the potential to
produce smolts from native resident O. mykiss
that have the potential to contribute to the
anadromous population if they can successively
emigrate out of the watershed to the ocean.

? Angling regulations are subject to periodic modification. The
CDFW’s annual Sport Fishing Regulations should be consulted for
current restrictions on angling for 0. mykiss (both resident and
anadromous).
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However, the San Benito River flows on the east
side of the Gabilan Range, and is considerably
drier, with limited shading, and limited
potential to provide over-summering habitat for
rearing juvenile steelhead. Additionally, a few
other creeks have summer catch-and-release
regulations designed to minimize impacts to
native O. mykiss from angling activities. While
there is indirect evidence that such fishing
pressure has resulted in minimal or no mortality
to native O. mykiss, the reduction in risk to listed
O. mykiss cannot be estimated quantitatively
from the existing data because the natural
abundance of O. mykiss is not quantitatively
known.

In summary, while a majority of watersheds
historically supporting O. mykiss are still
occupied (often with individuals currently able
to express only a resident life history strategy),
steelhead run sizes are sharply reduced. The
three watersheds most likely exhibiting the
largest annual anadromous runs (i.e., Pajaro,
Salinas, Carmel) have experienced declines in
adult run size of 90 percent or more (Busby et al.
1996, Good et al. 2005, Williams et al. 2011).
Present population trends within individual
watersheds that continue to support steelhead
runs are generally unknown, and may vary
widely between water-years. Available run-size
estimates for all watersheds represent only
average annual estimates that likely include
wide inter-annual variations expected in a
region with a highly variable climate. However,
these averages are extremely small, and raise the
question of how such small runs of anadromous
fish persist (potentially either by dispersal from
some source population, and/or by consistent
production of smolts by local populations of
freshwater, non-anadromous O. mykiss). The
consensus of the most recent BRT assessment
was that the status of the SCCCS DPS has not
changed appreciably in either direction since
publication of the initial status review (Busby et
al. 1996), and that SCCCS DPS is still in danger
of extinction and the threatened status has not
changed (Williams et al. 2011).

2.4 SPECIES GENETIC STRUCTURE
AND DIVERSITY

A recovery objective for steelhead is to restore
and conserve genetic diversity and interchange
of genetic material between and within
populations. Since the late 1990s, a number of
genetic studies have been conducted to elucidate
the structure of O. mykiss populations within the
SCCCS Recovery Planning Area (Martinez, et al.
2011, Clemento et al. 2009, Pearse and Garza
2008, Girman and Garza 2006, Nielsen 1999,
1994, Nielsen et al. 2001, 1997, 1994c). These
studies have provided insights into the historical
distribution of the species, as well as the
potential influence of past (and current) stocking
practices within the watersheds historically
occupied by native O. mykiss. Berg and Gall
(1988)  surveyed  steelhead  populations
throughout  California.  They  discovered
considerable variability among California
populations, but did not discern a clear
geographic pattern to the variation. Busby et al.
(1996) also reported a high level of genetic
variability in California coastal populations,
including four from the SCCCS Recovery
Planning Area. Busby et al. (1996) also reported
an allozyme allele fixed in some populations but
entirely absent in  others, which is
unprecedented in anadromous salmonids,
except when comparing populations at the
extreme ends of their ranges.
Sundermeyer (1999) examined five
microsatellite loci from fourteen populations of
O. mykiss collected from 11 tributaries (including
several of the larger tributaries from both the
upper and lower reaches) in the Pajaro River.
Most of these populations were found to be
closely related to two populations from the San
Lorenzo River which is immediately north but
outside of the SCCCS Recovery Planning Area,
and the source of hatchery-reared O. mykiss
planted in the Pajaro River system. Native non-
anadromous O. mykiss above barriers to
upstream migration were less closely related to
the San Lorenzo populations than those O.
mykiss located below barriers. The O. mykiss
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from four locations above barriers to upstream
migration (Llagas, upper Uvas, Bodfish, and
Dos Picachos Creeks) were the mostly distantly
related from the San Lorenzo River fish, and
from each other, a genetic reflection of their
relative physical isolation.

Recent genetic investigations have shed light on
the relationship between steelhead and the O.
mykiss above barriers within the SCCCS
Recovery Planning Area. Girman and Garza
(2006) and Clemento et al. (2009) reported above-
barrier O. mykiss were more closely associated
with  below-barrier populations than to
populations from other watersheds; also, that
they were more closely related to the steelhead
below the barrier than to any other
geographically proximate populations. In
addition, their results supported the idea that
planted hatchery fish from other watersheds
have had no detectable influence on the genetics
of above-barrier populations. These results
indicate that the above-barrier populations are
not the descendants of hatchery fish. They are
most likely the descendants of contiguous O.
mykiss populations — where most of these areas
have  historical accounts of steelhead
populations prior to construction of the barriers
(Becker et al. 2008, Swift et al. 1993, Benke 2002,
1992, Hubbs 1946, Jordan and Gilbert 1881).

While the fish that remain above barriers do not
have an opportunity to interbreed with adult
steelhead, they can, and in some cases do,
produce progeny that emigrate downstream
past the barriers to the ocean as smolts and
return as adults, and thus have the potential to
contribute to the persistence and therefore the
viability of the anadromous population.

2.5 HABITAT CHARACTERISTICS OF
THE SOUTH-CENTRAL CALIFORNIA
COAST  STEELHEAD  RECOVERY

PLANNING AREA

The major steelhead watersheds in the SCCCS
Recovery Planning Area include the Pajaro,
Salinas, Carmel, Little and Big Sur Rivers (Good

et al. 2005, Busby et al. 1996,). South of the Big
Sur Coast, several major drainages and a
number of smaller streams also support runs of
anadromous O. mykiss (of unknown size and
frequency); these include the San Carpoforo,
Arroyo de la Cruz, Pico and Little Pico, San
Simeon, Santa Rosa, San Luis Obispo, Pismo,
and Arroyo Grande Creeks (Titus et al. 2010,
Becker et al. 2008, Swift et al. 1993).

Significant portions of the upper watersheds
within the SCCCS Recovery Planning Area are
contained within the Northern District of the
Los Padres National Forest. This forest is
managed primarily for water production and
recreation, with limited grazing and oil, gas, and
mineral production (United States Forest
Service, 2005a, 2005b, 2004, Berg et al. 2004,
Stephenson and Calcarone 1999). Additionally, a
significant amount of land within the SCCCS
Recovery Planning Area is protected within
military installations, and in the southern
portions, within large scale conservation
easements. Urban development is centered in
coastal areas and inland valleys, with the most
expansive and densest urban development
located within the Pajaro, Carmel, and Salinas
River valleys, and in southern San Luis Obispo
County (Kier Associates and National Marine
Fisheries Service 2008a, 2008b, Hunt &
Associates 2008a, Hornbeck 1983, Lantis et al.
1981, Lockmann 1981).

The SCCCS Recovery Planning Area is
comprised of geologically young mountainous
topography with a number of inland valleys and
coastal terraces. The geomorphology (i.e., the
shape and composition of the land surface) is
strongly influenced by tectonic activity and
various other signs of stress (e.g., highly folded
and faulted rocks of varying types), including
metamorphic formations (i.e., rocks that have
changed under pressure and heat over time).
The Coast Ranges (consisting of the Diablo,
Temblor, and Santa Lucia Mountains) are made
up of sedimentary formations (i.e., sediment
deposited out of the air, ice, and/or water flows),
granitic formations (i.e, formed from cooled
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magma), and the widespread Franciscan
formation (comprised of sandstones derived
from erosion of volcanic highlands into deep
marine basins). The legacy of tectonic activity
and other physical stresses has created the steep
slopes and unconsolidated rock formations that
characterize this region. These geological factors
combined with an active, annual fire-cycle and
intense winter storms have created spatially
complex and frequently unstable river and
stream habitats to which anadromous fishes and
other aquatic species have adapted through
evolutionary processes (Boughton et al. 2006,
Sugihara et al. 2006, Norris and Webb 1990,
Faber et al. 1989, Endler 1986, 1977, Felton 1965,
Mayer et al. 1988).

The SCCCS Recovery Planning Area is
characterized by ten broad native terrestrial
plant communities within the Californian
floristic province: Estuarine Wetlands, Beach
and Dunes, Riparian Forests, Coastal Prairie,
Coastal Sage Scrub, Oak Woodlands, Chaparral,
Valley Grasslands, Vernal Pools, and South
Central California Conifer Forests (Barbour et al.
2007, Holland 1996, Ferren et al. 1995, Sawyer
and Keeler-Wolf 1995, Baldwin et al. 2012).
Upland areas of the northern portion of the
SCCCS Recovery Planning Area are dominated
by a mix of Chaparral, Valley Grasslands, Oak
Woodlands, and South-Central California
Conifer Forests. Upland areas of the southern
portion of the SCCCS Recovery Planning Area
are dominated by South-Central Coastal Scrub,
Valley Grassland, Oak Woodland, and South-
Central California Conifer Forests. Both of these
upland areas are subject to catastrophic
wildfires (Sugihara et al. 2006, Davis and
Borchert 2006). Riparian forests consist of
deciduous species. Large segments of the valley
grasslands and riparian forests have been
converted for agricultural, residential, and a
variety of other commercial land-uses (Berg et al.
2004, California Department of Fish and Wildlife
2003, Stephenson and Calcarone 1999, Holland
1996, Kreissman 1991, Mayer and
Laundenslayer 1988, Warner and Hendrix 1984,
Capelli and Stanley 1984). However, the interior

uplands within the U.S. National Forest are
largely undeveloped, as are large portions of
state parks, military bases, and reserves on non-
federal lands.

The climate in the California floristic province is
Mediterranean, with long dry summers and
short, sometimes intense cyclonic winter storms.
Rainfall is restricted almost exclusively to the
late fall, winter months and early spring months
(November through May). The California
floristic province is subject to an El Nifno/La
Nifna weather cycle which can significantly
affect winter precipitation, causing highly
variable rainfall between years. Additionally,
there is wide disparity between winter rainfall
from north to south, as well as between coastal
plains and inland mountainous areas. Mean
annual precipitation ranges along the coast
(north to south) from 32 to 24 centimeters (cm)
per year, with larger variations (24-90 cm/year)
from the coast to inland areas (west to east) due
to the orographic effects of the various mountain
ranges. Fog along the coastal areas is typical in
late spring and summer, extending inland along
coastal reaches with valleys extending into the
interior. This fog has been shown to moderate
conditions for rearing O. mykiss in these lower,
coastal reaches. Seasonally high, down slope
winds during the early fall and winter are warm
and dry and can exacerbate brush or forest fires,
especially under drought conditions
(Mastrandrea et al. 2009, Miller and Schlegel
2006a, 2006b, Haston and Michaelsen 1997,
Philander 1990, Leipper 1994, Stine 1994, Ryan
and Burch 1992, Hornbeck 1983, Karl 1979,
Felton 1965).

River flows vary greatly between seasons, and
can be highly “flashy” (rapidly increased flows
with high volume but short duration) during the
winter season, changing by several orders of
magnitude over a few hours in response to
winter storms. Snow accumulation is generally
very small and of extremely short duration, and
does not contribute significantly to peak run-off.
Baseflows in some river reaches can be
influenced significantly by groundwater stored
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and transported through faults and fractured
rock formations. Many rivers and streams
naturally exhibit interrupted baseflow patterns
(alternating channel reaches with and without
perennial surface flow) controlled by geological
formations, and a  strongly  seasonal
precipitation  pattern characteristic of a
Mediterranean climate. Water temperatures are
generally highest during summer months, but
can be locally controlled by springs, seeps, and
rising groundwater, creating micro-aquatic
conditions suitable for salmonids (Sloat and
Osterback 2013, Atkinson ef al. 2011, Boughton,
et al. 2007a, Faber et al. 1989, Mount 1995, Jacobs
et al. 1993, Reid and Wood 1976).

Within the SCCCS Recovery Planning Area
steelhead habitat occurs in chaparral ecosystems
which differ in significant ways from steelhead
habitats found in snow-fed and/or conifer-
covered ecosystems in the Sierra Nevada or the
North Coast of California. From the perspective
of steelhead ecology, it is useful to divide these
chaparral ecosystems which dominate the
SCCCS Recovery Planning Area into two
categories: coastal watersheds draining directly
westward into the ocean, and inland watersheds
set back from the coast, often separated from it
by extensive mountain ranges. The inland
watersheds are relatively few, large, and have a
continental ~climate whereas the coastal
watersheds tend to be small, numerous and
have a heavily marine-influenced climate. These
differences (and others that result from them,
such as the reliability of suitable summer
temperatures) likely impose different sorts of
selective regimes/limiting factors on steelhead
populations such as those in the Pajaro and
Salinas Rivers. Coastal watersheds are often
characterized by a "mountain-terrace” system,
where a broad coastal terrace is backed by a
steeper mountain range. These types of areas
occur along the southern coast of San Luis
Obispo County. The mountains harvest
orographic rain from incoming storm systems,
creating flashy streamflows that carve out well-
shaded step-pool systems in the uplands, and
braided gravel-bed streams and pool-riffle

systems in the terraces. They also produce
seasonal lagoons at the interface of the stream
with the ocean. Each of these parts of the stream
system produces suitable habitat for a particular
life stage of steelhead. Due to the movement of
water, sediment and fish, stream systems
function as integrated wholes with steelhead
acting as effective strategists using the entire
suite of resources provided them by the coastal
and inland watersheds of the SCCCS Recovery
Planning Area.

2.6 SOUTH-CENTRAL CALIFORNIA
COAST STEELHEAD FRESHWATER
LIFE CYCLE HABITAT USE

Steelhead spend much of their life in the ocean,
but must enter freshwater to reproduce.
Dominant patterns in the region are one or two
years in freshwater and one to two years in the
ocean before returning to spawn in freshwater.
Understanding  the interaction  between
steelhead and their freshwater habitats is critical
for  effective  steelhead recovery  and
management. Many of the naturally limiting
factors (which are part of the natural selective
regime) described in this section that affect the
growth and survival of juvenile steelhead in
their freshwater phase are exacerbated by
anthropogenic modification of freshwater
habitats and/or watershed processes that create
and sustain these habitats. The freshwater
habitats used by steelhead within the SCCCS
Recovery Planning Area occur in two types of
watersheds  featuring  distinctly  different
environmental regimes. One type is the series of
rivers that flow through hot inland valleys and
cut through coastal ranges to the sea, where the
lowland coastal plain portion of these
watersheds ~ present  natural  ecological
constraints to fish passage. In the Pajaro River
system, the lower mainstem and the lowland
reaches of Llagas, Uvas, and
Salsipuedes/Corralitos Creeks, are subject to
significant streambed percolation into the
aquifers, and reaches have a tendency to dry up
in the spring, or even between storms in dry
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winters, with extended periods between storms.
The Salinas River and the lower reaches of one
of its major tributaries, the Arroyo Seco, also
percolates large volumes of surface flow and
goes seasonally dry, thus inhibiting fish passage
of both adults and smolts. These watersheds
have warm seasonal climates and are in coastal
rain shadows. The other freshwater habitats are
the small, steep coastal watersheds with higher
rainfall, lower air temperatures, and a greater
proportion of perennial streams (Boughton et al.
2006, Boughton et al. 2007b).

Eggs Fry First
Summer

headwaters
T - gravel-bed channel

The O. mykiss life cycle can be conceptualized as
a biological network in which environmental
opportunities can be represented as a set of
parallel and serial linkages:

Parallel estuary/lagoon

Linkages

Serial _>

Linkages

First Maturation Reproduction,
Winter Eggs
headwaters
opportunistic 1 gravel-bed
channel

ocean

Figure 2-6. South-Central California Coast O. mykiss Life Cycle Habitat Linkages (Schwing et al.

2010, after Boughton).

The sequence of habitats required for the fish to
complete the egg-to-egg life cycle involves a
series of linkages, the loss of any of which
prevents the completion of the life cycle. While
serial linkages are a source of vulnerability,
some of the linkages can be realized through
alternative pathways: for example, over-
summering in different sorts of thermal refugia,
such as tributary headwaters or seasonal
lagoons/estuaries next to the ocean; or
maturation in freshwater versus the ocean.
These alternative pathways in the network
increase the resilience of the population to
extirpation, because if one pathway fails in a
particular year, some members of the
population can still complete their life cycle by
pursuing an alternative pathway.

The following provides a more detailed
discussion of the freshwater life cycle phases of
steelhead and the environmental factors that

control the successful transition between
freshwater life cycle phases prior to entering the
ocean life cycle phase (Schwing, et al. 2010, after
Boughton, et al. 2006).

Spawning Migration. Steelhead passage
limitations arising from periodic drought (or
longer term climate change) is one of the
principal limiting factors affecting adult
steelhead (Boughton et al. 2006). Steelhead are
iteroparous (i.e., can reproduce more than once),
and, to realize the evolutionary benefits of
repeat spawning, must have an opportunity to
both enter and exit the stream system. The
migration of steelhead into freshwater spawning
and rearing streams is strongly associated with
higher winter and spring flows which provide a
continuous hydrological connection between the
ocean and upstream spawning and rearing
habitats. Some steelhead adults in this domain
may remain in freshwater after spawning, and
can become trapped in deep residual pools in
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the  summer (M.  Capelli  personal
communication). This sort of trapping is
probably a function of the precise timing,
duration, and magnitude of storms in a given
winter. Periodic droughts further constrain
migration opportunities during dry periods, and
may have a bigger effect on repeat-spawning,
which requires both an in- and out-migration
opportunity in a given year, followed by an in-
migration opportunity a year or two later.
Finally, spawning efforts may be abrogated by
one or more successive high flow events
following spawning that erodes the spawning
redds and exposes or flushes recently laid eggs
out of the redd, exposing them to predation, or
terminating the incubation process prematurely.

Initial Spring Feeding. The development and
hatching of O. mykiss eggs is controlled by
temperature and dissolved oxygen, which is
itself influenced by flow rates, ambient air
temperature, riparian cover, and groundwater
input. Following the hatching and emergence
from spawning gravels juvenile O. mykiss (fry)
either stay near the redds from which they were
hatched and establish territories, or disperse to
favorable feeding areas (Boughton et al. 2009,
Quinn 2005). Rainfall and conditions conducive
to adult upstream migration and spawning are
also conducive to initial rearing conditions for
the first spring growth of juvenile steelhead. As
flows drop later in the spring and summer,
rearing fish may move out of initial rearing
reaches, or may continue to reside in deeper
pools, where they may be trapped between
temporary dry reaches of stream channel until
the following winter rains reconnect perennial
reaches.

An increase in rearing temperatures, either as a
result of inter-annual, seasonal variability or
longer-term climatic changes will likely produce
warmer conditions during early rearing. If
temperatures stay below about 17° Celsius, a
warming or an increase in week-scale variability
of temperature can increase the growth rate of
salmonids if food is abundant. However,

warmer temperatures also increase metabolic
demand and can reduce growth if food is
limiting (Sloat and Osterback 2013, Boughton et
al. 2007b, Smith and Li 1983, Brett 1971).
Consequently, the effect of warmer conditions
on growth is crucially dependent on per-capita
food availability, which in turn depends on a
host of other factors, such as primary
productivity of the stream network, biomass of
terrestrial insects caught in stream drift, and
stream geomorphology as it affects the territorial
dynamics of juvenile O. mykiss.

First Rearing Summer (unimpaired
conditions). The hot, rain-free summers in the
SCCC DPS require that juvenile O. mykiss
occupy stream reaches which remain wetted
and where temperatures do not exceed their
thermal tolerance. Regionally, there are two
alternative mechanisms that create thermal
refugia: the temperature lapse rate (i.e, the
decrease in temperature with an increase in
altitude), which maintains cool, montane
uplands, and the ocean heat sink, which
maintains cool conditions proximate to the
coast. In many small coastal watersheds these
two mechanisms merge geographically, whereas
in inland watersheds the operation of these
mechanisms may be separated by a long stretch
of dry or warm channel that creates a summer-
long barrier to movement. Numerous tributaries
draining various mountain ranges provide a
high level of redundancy of rearing refugia in
the montane thermal refugia.

Probably as important as air temperature in
maintaining cool water temperatures during the
summer is reduced solar incidence which is
often the single biggest source of heat flux into a
stream (Hannah ef al. 2008, Evans et al. 1998).
Wind effects can also be significant, particularly
in estuaries (Bogan et al. 2004, 2003). In coastal
areas, fog and onshore winds provide shade and
cooling wind, respectively. In the montane
refugia, the closed tree canopy appears
necessary to maintain suitably cool water
conditions (Leipper 1994, D. Boughton,
unpublished data). Therefore, the resilience of
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montane thermal refugia to current inter-annual
seasonal or longer-term climatic changes is
probably highly dependent on the presence of a
properly functioning riparian canopy.

Mountain refuges appear more vulnerable than
coastal refuges to thermal increases in water
temperature during the summer (Snyder et al.
2002), where the latter are buffered by a
maritime climate. An alteration of fire regime,
flood regime, and/or sediment may eliminate a
properly functioning closed riparian canopy by
burning trees, increasing the depth to the water
table, or destroying trees via debris flows or
floods (Bendix and Cowell 2010b, May and
Gresswell 2004, Bendix and Hupp 2000). The
water table can be lowered not just by increased
sediment deposition, but also by decreased
summer base flows, driven by lowered rainfall
or greater evaporative demand of plants (Tague
et al. 2009).

Lowered summer water tables may not just
indirectly affect rearing juveniles via alteration
of riparian trees; it may also affect the fish
directly by reducing the summertime surface
flow, and eliminating it entirely in portions of
the watershed that fall within a rainshadow or
in reaches with deep alluvium or already
impaired flows. The gravel-bedded reaches used
for spawning tend to have deep alluvium, and
therefore can be especially vulnerable to loss of
surface flow or incomplete riparian shading
(Boughton et al. 2009). Timing is important for
young-of-the-year ~development in gravel-
bedded channels followed by retreat into
“hydro-thermal” refugia once growth and size
permits; large amounts of juvenile movement
and stranding are commonly observed in the
SCCCS DPS (see for example, Shapovalov 1944).

Groundwater inputs and heat-exchange with the
channel-bed can buffer daily and annual
temperature fluctuations in a stream (Hannah et
al. 2004, Tague et al. 2009, 2008). In a stable
climate the ground stores heat seasonally
(absorbing heat in summer and supplying heat
in winter), but should have an annual net flux

close to zero, that is negligible heat increase or
loss (Bogan et al. 2004). Decreased base flows
during the summer may actually help the
ground (channel-bed) buffer stream
temperatures more effectively, by increasing the
surface area of the bed-water interface, relative
to the volume of water in the stream and the air-
water surface area. The magnitude of such a
buffering is not known, but would probably
shrink the amount of fish habitat and feeding
opportunities for rearing juvenile fish.

The coastal thermal refugia are closely tied to
the heat dynamics of the ocean and maritime air
and to the future pattern of seasonal upwelling
and winds along the coast. Many tributaries and
the lower sections of mainstems fall within the
climatic influence of the marine inversion layer
that develops in summertime. Except for the
mainstems of large coastal rivers such as the
Salinas and Pajaro, many of these coastal
streams also benefit thermally from the
temperature lapse rate in the coastal mountains,
as well as receiving orographic precipitation in
the wintertime - the converse of the streams in
the rain shadow of inland areas. The coastal area
is probably significantly more resilient to the
consequences of climate change (e.g., ambient air
and water temperatures) than inland areas
because of the moderating effects of the marine
environment, and highly productive per unit of
habitat. However, it is a very narrow band and
so its effect to overall productivity of the SCCCS
DPS is limited.

Each watershed occupied by SCCC steelhead
terminates at the coast with some type of
estuary-lagoon system. In  South-Central
California, seasonal lagoons currently tend to
form each summer when decreased streamflows
allow marine processes to build a sand berm at
the mouth of each watershed. Juvenile steelhead
over-summer in these lagoons, where they often
grow so rapidly that they can undergo
smoltification at age one and enter the ocean
large enough to experience enhanced survival to
adulthood (Hayes et al. 2008, Bond 2006). Both
effects should increase the resilience of the
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steelhead life history component of O. mykiss. In
contrast, juveniles over-summering in some
montane thermal refugia often display very little
or no growth during the summer (Sogard et al.
2012, 2009, Hayes et al. 2008, Boughton et al.
2007a, Bond 2006) .

Fall and Winter Rearing (unimpaired
conditions). Steelhead rearing ecology during
the fall and winter is less documented, but is
likely less constrained than earlier life phases
(incubation, hatching, and emergence) or later
over-summering phases. Baseflows rebound in
some creeks as the weather cools in September
and October, and sections of channel that were
dry during the summer months begin flowing
again, even before the first rains of the fall. This
is due to reduced evaporative demand by
riparian plants. Initial rainstorms of fall have
relatively little effect on stream flows, as most
precipitation percolates into the ground, and
larger interior watersheds may require
considerably more rain to re-initiate surface
flows. The cooling of the weather and the
rebounding of baseflows releases over-
summering fish that were trapped in small
residual pools and thermal refugia, so that a
relatively small number of fish potentially gain
access to a large extent of stream habitat
(Boughton et al. 2009).

In some areas in the SCCCS DPS, this time of the
year is marked by peak emergence of aquatic
arthropods and inputs into streams of terrestrial
arthropods, suggesting the opening of increased
feeding opportunities to the fish that survived
the summer. Arthropod productivity appears
sensitive to local geologic and vegetative factors
(Rundio 2009), but where it occurs it may allow
juvenile steelhead to transform relatively warm
temperatures into opportunities for rapid
growth (Rundio and Lindley 2008). If these
opportunities occur in sparsely populated
intermittent creeks, the conditions are conducive
to potential rapid growth into large smolts.

The timing of these peaks of productivity and
growth opportunities is likely to be modified by
current inter-annual as well as longer climatic
changes. Because warmer autumns would
increase metabolic costs as well as well as scope
for growth (Boughton et al. 2007a), the impact on
O. mykiss growth and survival could be either
negative or positive, depending on a sensitive
balance of factors. Compared to fall feeding,
winter-feeding and growth is presumably more
constrained by cooler temperatures, less
arthropod  production, and disturbances
associated with high-flow events.

Smolting and Outmigration. Intensive studies
of steelhead populations in the redwood
systems of Santa Cruz County, California,
indicate most O. mykiss become smolts and
migrate to the ocean at age two or three, but a
small proportion smolt at age one (Hayes et al.
2011, Sogard et al. 2009, Hayes et al. 2008,
Shapovalov and Taft 1954; see also Atkinson
2010). Since larger size at ocean entry greatly
increases ocean survival (Hayes et al. 2008, Bond
2006, Ward et al. 1989), smolting at age one is
probably only a viable strategy for fish that have
achieved rapid growth during their first year
(Satterthwaite ef al. 2009). Bond (2006) has
shown that fish over-summering in lagoons can
achieve such growth. It is possible that rapid
growth can be achieved in other habitats as well
(see for example, Casagrande 2012, 2010, Moore
1980), but most studies have shown growth to
be slower in upland tributaries.

Quantitative data on growth and life history are
not yet available for the chaparral and coastal
terrace systems of the SCCCS Recovery Planning
Area. It is likely that age at smolting of
individual fish is based on local adaptations,
including a “decision” as to whether to smolt
versus maturing in freshwater. Local adaptation
is likely dominated by a tradeoff between ocean
mortality and greater fecundity that fish achieve
by growing to a larger size in the ocean
(Satterthwaite et al. 2009). Since ocean survival
appears so strongly sensitive to size at ocean
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entry, the balance of anadromous versus native
freshwater-resident fish may be sensitive to
juvenile growth rates. As noted above, warmer
temperatures offer the possibility of either
reducing or accelerating juvenile growth,
depending on food availability, which itself may
respond inter-annual and longer climatic effects
on precipitation, riparian vegetation, and life
cycle patterns sensitive to temperature, and
nonlinear food-web dynamics.

An increase in the frequency, intensity, or
duration of multi-year droughts limits migration
opportunities for smolts. Loss of surface flow
appears to occur more commonly in the deep
alluvium of downstream reaches rather than in
headwater tributaries (Boughton et al. 2009,
Béche et al. 2009). Additionally, sandbar barriers
at the mouths of estuaries sometimes fail to
breach in dry years, so drought would probably
have greater impacts on migrating smolts (and
migrating adults) than on the O. mykiss
maturing in headwater tributaries (for estuary
moth opening patterns, see Jacobs et al. 2011).
The loss of opportunity would force a higher
proportion of fish to adopt a freshwater-
maturation strategy rather than the anadromous
strategy. Since freshwater native resident O.
mykiss are significantly less fecund than
steelhead, the resulting population would be
less resilient to extirpation, and gene flow
among populations by straying steelhead would
also be reduced. All these potential outcomes
would tend to reduce the capacity of O. mykiss
populations to recover from and adapt to
changing conditions.

Subsequent Years in Freshwater; Maturation
in Freshwater. The majority of juvenile O.
mykiss that do not smolt their first year must
again cycle through stages of spring-feeding,
over-summering, and fall and winter feeding,
although at a larger body size. Most of these fish
probably smolt at age two or three or adopt the
freshwater-resident strategy, maturing and
eventually spawning in a suitable section of the
stream network; the proportions adopting these
pathways (i.e., either multiple pre-smolts rearing

years or freshwater  maturation and
reproduction) are unknown and probably
sensitive to both growth and survival at all

stages of life history (Satterthwaite et al. 2009).

The over-summering stage probably poses the
greatest constraint to survival. Compared to
young-of-the-year, older fish appear to require
deeper water for over-summering (Spina 2007,
Spina et al. 2005, Spina 2003, Spina and Johnson
1999), and may be more restricted to the parts of
the watershed that provide well-shaded
perennial pools of sufficient depth. Because of
the geology and topography, these appear to be
concentrated in headwater streams well-fed by
orographic precipitation, where baseflows are
stable, and geomorphic processes produce an
abundance of pools (Boughton et al. 2009,
Harrison and Keller 2006). The pool-forming
mechanisms in these uplands are highly
variable, involving self-formation of step-pools,
scour around boulders that roll off hillsides, and
rock outcrop which create force-pools.

The upland habitats used by older juvenile fish
are a subset of the upland habitats used by the
fish  initially in their first summer.
Consequently, vulnerabilities to repeated inter-
annual seasonal changes (and longer-term
climate changes) are similar to those described
previously (e.g., loss of baseflow, loss of riparian
cover).  Additional  factors  influencing
productivity of upland habitats relied upon by
rearing fish for multiple years are: (1) a lower
level of redundancy, due to the more restricted
distribution of high-quality pool habitat; (2) the
vulnerability of pools to being transiently filled
by fine sediments following wildfires; and (3)
the long-term robustness of step-pools and
bedrock force-pools, which should tend to re-
scour after being filled, and are presumably
resilient to a broader range of conditions
compared to the reaches further downstream
(Chin et al. 2009, Montgomery and Buffington
1997).
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In summary, while freshwater habitats provide the pattern of rainfall, run-off, and input of
important spawning and rearing opportunities sediments from natural hill-slope and channel
to steelhead, the inherent instability of these erosion processes (accelerated, by periodic
habitats can limit productivity depending on the wildfires).

pre-smolting growth patterns of individual fish,
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3. Factors Contributing to
Decline and Federal Listing

"Steelhead on the west coast of the United States have experienced dramatic declines in
abundance during the past several decades as a result of human-induced and natural factors.
The scientific literature is replete with information documenting the decline of steelhead
populations and anadromous salmonid habitats. There is no single factor solely responsible for

this decline.”

Factors for Decline: A Supplement to the Notice of Determination for West Coast Steelhead under the

Endangered Species Act, 1996

3.0 INTRODUCTION

When evaluating a species for protection under
the ESA, the Secretary of Commerce must
consider whether any one (or more) of five
listing factors affect the species. Listing factors
deal with those aspects of the species’” biology or
habitat that affect the level of threat to the
species” continued persistence. The ESA requires
that each of the factors which contributed to the
species’ listing be addressed in the recovery
actions identified in the recovery plan.

The five listing factors are:

1. Present or Threatened Destruction,
Modification, or Curtailment of Habitat or
Range

2. Over-Utilization for Commercial,
Recreational, Scientific, or Educational
Purposes

3. Disease and Predation

4. Inadequacy of Existing Regulatory
Mechanisms

5. Other Natural or Human-Made Factors
Affecting Continued Existence

NMFS’ listing determinations regarding the
SCCCS DPS (71 FR 834, January 5, 2006, 68 FR
15100, March 28, 2003, 62 FR 43937, August 18,

1997, 55 FR 24296, June 15, 1990), and
supporting technical reports (e.g., Boughton et al.
2005, Good et al. 2005, Busby et al. 1996, National
Marine Fisheries Service 1996a) have identified
the factors adversely affecting steelhead at the
time of listing. There was no single factor
responsible for the decline of South-Central
California Coast steelhead; however, of those
factors identified, the destruction and
modification of habitat and natural and man-
made factors had been recognized as the
primary causes for the decline of the SCCCS
DPS. While some of these factors have been
ameliorated to some degree in a number of
watersheds they continue to persist throughout
the SCCCS DPS (and the larger Recovery
Planning Ares), and thus continue to threatened
the existence of the species.

This chapter summarizes the factors identified at
the time of the listing of the species. All of these
factors are still prevalent and widespread. As a
result, there have been few changes to the
factors affecting the species since the time of
original listing. The following chapter, Chapter
4, discusses the current threats facing the SCCCS
DPS and represents our current understanding
of how the listing factors continue to affect the
species.
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3.1 FACTOR 1: Present or
Threatened Destruction,
Modification or Curtailment of
Habitat or Range

Steelhead in the SCCCS DPS have declined as a
result of a wide variety of human activities,
including, but not limited to, agriculture,
mining, and urbanization activities that have
resulted in the loss, degradation, simplification,
and fragmentation of habitat. Water storage,
withdrawal, conveyance, and diversions for
agriculture, flood control, domestic, and
hydropower purposes have greatly reduced or
eliminated  historically  accessible habitat.
Modification of natural flow regimes by dams
and other water control structures have resulted
in increased water temperatures, changes in fish
community structures, depleted flow necessary
for migration, spawning, rearing, flushing of
sediments from spawning gravels, and reduced
gravel recruitment. The substantial increase of
impermeable surfaces as a result of urbanization
(including roads) has also altered the natural
flow regimes of rivers and streams, particularly
in the lower reaches.

Nacimiento Dam, Nacimiento River

In addition to these systemic threats to
steelhead habitat, dams and other water control
structures have also resulted in increased direct
mortality of adult and juvenile steelhead.

Land-use activities associated with urban
development, mining, agriculture, ranching, and

recreation (including passive and active
recreational activities and related facilities such
as reservoirs and trails) have significantly
altered steelhead habitat quantity and quality.
Associated impacts of these activities include:
alteration of stream bank and channel
morphology; alteration of ambient stream water
temperatures; degradation of water quality;
elimination of spawning and rearing habitats;
fragmentation of available habitats; elimination
of downstream recruitment of spawning gravels
and large woody debris; removal of riparian
vegetation resulting in increased stream bank
erosion; and increased sediment input into
spawning and rearing areas resulting in the loss
of channel complexity, pool habitat, suitable
gravel substrate, and large woody debris.

Flood Cotrol rk —Carmel erEry '
In addition, a significant percentage of estuarine
habitats have been lost, with an average of 66
percent of estuarine habitat remaining across the
SCCCS Recovery Planning Area. (Kier
Associates and National Marine Fisheries 2008a
and 2008b, Carmel River Coalition 2007, Smith
et al. 2004, Gilchrist et al. 1997, Ferren et al. 1995,
Cadmus Group 1992, Smith 1976, Gerdes et al.
1974). The condition of these remaining wetland
habitats is significantly degraded, with many
wetland areas at continued risk of loss or further
degradation.  Although many historically
harmful practices have been halted, the
historical damage remains largely unaddressed,
and the necessary restoration activities will
likely require decades. Many of these threats are
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associated with most of the larger river systems

such as the Pajaro and Salinas Rivers, and many
also apply to the smaller coastal systems such as
San Jose, San Simeon, Santa Rosa, San Luis
Obispo, Pismo, and Arroyo Grande Creeks
(National Marine Fisheries Service 1996a).

Wetland Fill - Pismo Creek Estuary

3.2 FACTOR 2: Over-Utilization for
Commercial, Recreational,
Scientific, or Educational Purposes

Steelhead populations traditionally supported
an important recreational fishery throughout
their range. Recreational angling for both winter
adult steelhead and summer rearing juveniles
was a popular sport in many coastal rivers and
streams until the mid-1950s. Recreational
angling in coastal rivers and streams for native
steelhead increased the mortality of adults
(which represent the current generation of
brood stock) and juveniles (which represent the
future generations of brood stock) and may have
contributed to the decline of some naturally
small populations but is not considered the
principal cause for the decline of the species as a
whole. During periods of decreased habitat
availability (e.g., drought conditions or winter
and summer low flow periods when fish are
concentrated in freshwater habitats), the impacts
of recreational fishing on native anadromous
stocks have been heightened.

Angling for both adults and juveniles in those
portions of coastal rivers and streams accessible

to anadromous runs from the ocean is permitted
in some waters under the CDFW’s angling
regulations, though the CDFW imposes angling
restrictions within the anadromous waters of the
SCCCS DPS to minimize impacts to native O.
mykiss from angling activities (e.g., restrictions
on the length of the winter angling season;
limiting angling to the lower reaches of most
anadromous rivers and streams; angling gear
limitations , including barbless hooks; and catch
and release only of steelhead), though the take
of hatchery fish (including hatchery reared
steelhead) is allowed in anadromous waters.
There is generally no summer trout angling
season for the anadromous waters of the SCCCS
DPS. The exceptions to these restrictions include
San Benito River within the Pajaro River
watershed, the upper reaches of the Arroyo Seco
and the Nacimiento River, within the Salinas
River watershed, the Carmel River above Los
Padres Dam, and the Big Sur River and Salmon
Creek, above natural barriers to upstream fish
migration).! All anglers must possess a
nontransferable Steelhead Fishing Report and
Restoration Card issued by the CDFW in their
possession while fishing for steelhead trout in
anadromous waters (California Department of
Fish and Wildlife 2013).

While there is indirect evidence that such fishing
pressure has resulted in minimal or no
significantly mortality to native O. mykiss, the
reduction in risk to listed O. mykiss cannot be
estimated quantitatively from the existing data
because the natural abundance of O. mykiss and
the  mortality resulting from  angling
opportunities is not quantitatively known. No
Fishery Management and Evaluation Plan
(FMEP) has been approved by NMFS for the
SCCCS DPS (California Department of Fish and
Wildlife 2001).

1Angling regulations are subject to periodic modification. The
CDFW’s annual Sport Fishing Regulations should be consulted for
current restrictions on angling for 0. mykiss (both resident and
anadromous.
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Steelhead are not targeted in commercial
fisheries. High seas driftnet fisheries in the past
may have contributed slightly to a decline of this
species in local areas, although steelhead are not
targeted in commercial fisheries and reports of
incidental catches are rare. Commercial
fisheries are not believed to be principally
responsible for the large declines in abundance
observed along most of the Pacific coast over the

past several decades.

While there is indirect evidence that recreational
angling pressure has resulted in minimal or no
significant mortality to O. mykiss, poaching
remains a potential form of unauthorized take of
South-Central California Coast steelhead,
particularly in watersheds that traverse areas

with concentrated human populations such as
the Pajaro River (and its tributaries), and the
Carmel River.

Fish Trap - Lower Pajaro River - 2013 (Courtesy
Monterey County Sheriff Department)

NMEFS had previously concluded, based on the
available information, that recreational harvest
is a limiting factor for South-Central California
Coast steelhead, though the significance of this
factor is uncertain (Good et al. 2005, Busby et al.
1996, National Marine Fisheries Service 1996a).

The completion of an FMEP for the SCCCS DPS
provides one mechanism for addressing this
issue and informing fishery managers’ decisions
on annual angling regulations (California

Department of Fish and Wildlife 2001, Gutherie
1990).

3.3 FACTOR 3:
Predation

Disease and

Infectious disease is one of many factors that can
influence adult and juvenile steelhead survival.
Specific diseases such as bacterial kidney
disease, Ceratomyxosis, Columnaris, Furunculosis,
infectious hematopoietic necrosis, redmouth and
black spot disease, Erythrocytic Inclusion Body
Syndrome, and whirling disease among others
are present and are known to affect steelhead
and salmon (Noga 2000, Wood 1979, Rucker et
al. 1953). Very little current or historical
information exists to quantify changes in
infection levels and mortality rates attributable
to these diseases for steelhead. Warm water
temperatures, in some cases can contribute to
the spread of infectious diseases (Belchik et al.
2004, Stocking and Bartholomew  2004).
However, studies have shown that native fish in
unimpaired native habitat tend to be less
susceptible to pathogens than hatchery cultured
and reared fish (Buchanan et al. 1983).

Introductions of non-native aquatic species
(including fishes and amphibians) and habitat
modifications (e.g., reservoirs, altered flow
regimes, etc.) have resulted in increased
predator populations in numerous river
systems, thereby increasing the level of
predation experienced by native salmonids
(National Marine Fisheries Service 1996a). Non-
native  species, particularly fishes and
amphibians such as large and smallmouth
basses and bullfrogs have been introduced and
spread widely (often in association with the
construction of dams and associated reservoirs
that act a refugia for non-native warm water
species). These species can prey upon rearing
juvenile steelhead (and their conspecific resident
forms), compete for living space, cover, and
food, and act as vectors for non-native diseases
(Marks et al. 2010, Scott and Gill 2008, Fritts and
Pearsons 2006, Bonar et al. 2005, Dill and
Cordone 1997).
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Adult O. mykiss — San Carpoforo Creek

low-flow

Artificially  induced
conditions may also benefit non-native species,
exacerbate spread of diseases, and permit
increased avian predation. NMFS concluded
that the information available on these impacts
to steelhead did not suggest that the SCCCS DPS
was in danger of extinction, or likely to become
so in the foreseeable future, because of disease
or predation. It is recognized, however, that
small populations such as South-Central
California Coast

summer

steelhead can be more
vulnerable to extinction through the synergistic
effects of other threats, and the role of disease or
predation may be heightened under conditions
of periodic low flows or high temperatures
characteristic of steelhead habitats within the
SCCCS Recovery Planning Area.

Finally, the introduction of a variety of non-
native plant and animal species can alter
ecosystems and related food-webs in
complicated and subtle ways that can have
unpredictable, long term impacts on native
organisms (Cucherousset and Olden 2011, Davis
2009, Lockwood et al. 2007, Bonar et al. 2005, Sax
et al. 2005, Bossard 2008, Gamradt et al. 1997,
Gamradt and Kats 1996, Williamson 1966, Elton
1958).

3.4 FACTOR 4: Inadequacy of
Existing Regulatory Mechanisms

3.4.1 Federal Mechanisms

At the time of listing, several principal federal
regulatory and planning mechanisms affected
the conservation of steelhead populations within
the SCCCS Recovery Planning Area (National
Marine Fisheries Service 1996b, 1997a). These
included: 1) land management practices within
the one U.S. National Forest within the SCCCS
Recovery Planning Area (Los Padres National
Forest, Monterey and Santa Lucia Ranger
Districts); 2) the regulation of dredging and the
placement of fill within the waters of the United
States by the U.S. Army Corps of Engineers
(USACE) through the Clean Water Act (CWA)
Section 404 Program; 3) the regulation of
dredging and the placement of fill within the
waters of the United States through the CWA
section 401 water quality certification
regulations; 4) the Federal Emergency
Management Agency (FEMA) administration of
a Flood Insurance Program which strongly
influences the development in waterways and
floodplains; and 5) inadequate implementation
of the CWA sections 303(d)(1)(C) and (D) to
protect beneficial uses associated with aquatic
habitats, including fishery
particularly with respect to non-point sources of

resources,

pollution (including increased sedimentation
from routine maintenance and emergency flood
control activities within active channel and
floodplain.

For example, the USACE’s program is
implemented through the issuance of a variety
of Individual, Nationwide, and Emergency
permits. Permitted activities should not “cause
or contribute to significant degradation of the
waters of the United States.” A variety of
factors, including inadequate staffing, training,
and in some cases regulatory limitations on land
uses (e.g., agricultural activities) and policy
direction, has resulted in ineffective protection
of aquatic habitats important to migrating,
spawning, or rearing steelhead. The deficiencies
of the current program are particularly acute
during large-scale flooding events, such as those
associated with El Nifio conditions, which can
put additional strain on the administration of
the CWA Section 404 and 401 programs.
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Additionally, the USACE does not regulate most
agricultural, forestry, or ranching activities
through administration of the 404 Program.

Similarly, the National Flood Insurance Program
regulations allow for development in the
margins of active waterways if they are
protected against 100-year flood events, and do
not raise the water elevations within the active
channel (floodway) more than one foot during
such flood events. This standard does not
adequately reflect the dynamic, mobile nature of
watercourses in SCCCS Recovery Planning
Area, and the critical role that margins of active
waterways (riparian areas) play in the
maintenance of aquatic habitats. In addition,
FEMA programs for repairing flood related
damages (Public Assistance Program, Individual
and Households Program, and Hazard
Mitigation Grant Program) promote the
replacement of damaged facilities and structures
in their original locations, which are prone to
repeated damage from future flooding, and thus
lead to repeated disturbance of riparian and
aquatic habitats important to migrating,
spawning, or rearing steelhead.

Finally, prior to the listing of SCCCS DPS, the
NMES exercised only a limited role in the
protection of the listed species. While this role
has expanded, the enforcement of the
protections afforded by Section 9 of the ESA is
constrained by limited staffing and remains a
substantial challenge.

3.4.2 Non-Federal Mechanisms

At the time of listing, several principal non-
federal regulatory and planning mechanisms
affected the conservation of steelhead
populations within the SCCCS Recovery
Planning Area (National Marine Fisheries
Service 1997a, 1996b). These included: 1)
administration of the California State Water
Resources Control Board (SWRCB) water rights
permitting system which controls utilization of
waters for beneficial uses throughout the state;
2) state and local government permitting
programs for land uses on non-federal and non-

state owned lands; 3) administration of the
California Fish and Wildlife Code Sections 1600-
1603  (Streambed  Alteration Agreements)
program and 5957-5937 (regulation of dams);
and 4) the lack of a Coast-Wide Anadromous
Fish Monitoring Plan for California to inform
regulatory actions such as angling restrictions.
For example, the SWRCB water rights
permitting  system
(including public trust provisions) for the
protection of instream aquatic resources.
However, the system does not provide an

contains  provisions

adequate regulatory mechanism to implement
the CDFW  Code  Sections  5935-5937
requirements for the owner of any dam to
protect fish populations below impoundments.
Currently the SWRCB’s administrative policy
implementing California Water Code Section
12944 applies only to northern California
counties. Additionally, SWRCB generally lacks
the effective oversight and regulatory authority
over groundwater development comparable to
surface water developments for out-of-stream
beneficial uses.

The Section 1600 Lake or Streambed Alteration
Agreements program is the principal
mechanism CDFW provides protection of
riparian and aquatic habitats. Inadequate
funding, staffing levels, training and
administrative support have led to inconsistent
implementation of this critical program,
resulting in inadequate protection of riparian
and aquatic habitats important to migrating,
spawning and rearing steelhead.

Additionally, within the SCCCS Recovery
Planning Area there is limited institutional
organization specifically dedicated to steelhead
recovery  planning and implementation.
Currently, the principal entities include the Tri-
Counties Fish Team (which covers Ventura,
Santa Barbara, and San Luis Obispo Counties),
the state-wide organization, CalTrout, and the
national organization, Trout Unlimited; other
portions of the SCCCS Recovery Planning Area
are the focus of attention of individuals,
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watershed groups, or agencies with broader
responsibilities or interests.

Finally, monitoring of stocks (particularly
annual run-sizes) is essential to assess the
current and future status of individual
populations and the SCCCS DPS as a whole, as
well as to develop basic ecological information
of the steelhead populations of the SCCCS
Recovery Planning Area. However, the Coast-
Wide Anadromous Fish Monitoring Plan
remains unfinished, existing funding is limited,
and dedicated funds for its implementation have
not been identified and secured.

3.5 FACTOR 5: Other Natural or
Human-Made Factors Affecting
Continued Existence

This factor encompasses two specific threats to
the species identified at the time of listing: 1)
environmental variability and 2) stocking
programs. As with the other listing factors, these
threats have continued to play a role in the
status the SCCCS DPS. More recent information
regarding environmental variability, including
the effects of climate change on ocean and
freshwater, and increases in the occurrence and
severity of wildfire, indicate the threat from
“environmental variability” is expected to
increase.

3.5.1 Environmental Variability

Natural environmental variability in a
Mediterranean climate both masks and
exacerbates problems associated with degraded
and altered riverine and estuarine habitats.
Assessing the role of natural variability in the
decline of anadromous and non-anadromous O.
mykiss ~ requires  long-term
investigations of unimpaired and impaired
watersheds. Floods and persistent drought
conditions, however, have periodically reduced
naturally limited spawning, rearing, and
migration habitats (e.g., by reducing flows,
spawning-gravel recruitment, vegetative cover).
Long long-term climate changes may exacerbate

comparative

the effects of these periodic conditions as well as
complicate long-term comparative studies in the
SCCCS Recovery Planning Area.

Furthermore, El Nino events and periods of
unfavorable ocean-climate conditions can
threaten the survival of steelhead populations
already reduced to low abundance levels due to
the loss and degradation of freshwater and
estuarine habitats. However, periods of
favorable ocean productivity and high marine
survival can temporarily offset poor habitat
conditions elsewhere and result in dramatic
increases in population abundance and
productivity by increasing the size and
correlated fecundity of returning adults
(National Marine Fisheries Service 1996a). The
current and future threat to species recovery
from environmental variation is discussed in
more detail in Chapters 4 and Current DPS-
Level Threats Assessment, and 5, South-Central
California Coast Steelhead and Climate Change.
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3.5.2 Stocking Programs

There are no steelhead production hatcheries
operating in or supplying hatchery reared
steelhead to the SCCCS Recovery Planning
Area. However, up until the mid to late 1990’s
steelhead smolts derived from the San Lorenzo
River were placed in the anadromous waters of
the Pajaro River and various tributaries (e.g.,
Corralitos, Browns Valley, Uvas Creeks) as well
as in the Arroyo Seco in the early 1990s.

There is a small anadromous O. mykiss rearing
operation on the Carmel River and in the past
there has also been an anadromous O. mykiss
rearing operation on Old Creek, Garrapata
Creek and an ocean net pen rearing operation
for Chinook salmon (Oncorhynchus tshawytscha)
operated by Central Coast Salmon Enhancement
from 1984-2007 (in later years this was operated
as a cooperative facility with the CDFW). The
pens were located in San Luis Bay and returning
adults were occasionally observed in adjacent
San Luis Obispo Creek.

CDFW maintains a stocking program of
hatchery-derived non-anadromous O. mykiss to
support put-and-take fisheries. These stockings
are generally conducted in non-anadromous
waters (i.e., areas above natural barriers and
dams), though fish may enter anadromous
waters during spillage at dams. Until recently,
CDFW planted non-native steelhead in
anadromous waters in the Nacimiento River,
and there are reports of plantings in non-
anadromous portions of the Pajaro River prior to
the list of the SCCCS DPS (J. Ambrose, personal
communication).  Since the issuance of the
CDFW’s Hatchery and Stocking Program
EIR/EIS, the CDFW has limited fish stocking of
hatchery reared O. mykiss to triploid rainbow
trout, and to non-anadromous waters and
waters where fish cannot emigrate downstream
into anadromous waters (California Department
of Fish and Wildlife and U.S. Fish and Wildlife
Service 2010). Other non-native game species,
such as smallmouth bass and bullhead catfish,
are often stocked into anadromous waters by a
variety of public and private entities (California

Department of Fish and Wildlife and Fish and
Wildlife Service 2010, Leitritz 1970).

While these programs have provided seasonal
fishing opportunities, the impacts of these
programs on native, naturally-reproducing
steelhead stocks is the subject of considerable
discussion and active research (Berejikian 2011,
Chilcote 2011, Tatara et al. 2011a, 2011b, Fraser
2008, Myers et al. 2004, California Department of
Fish and Wildlife and National Marine Fisheries
Service 2001).
recreational angling have been prompted by
increasing human pressures on the indigenous

Increased restrictions on

fishery resources, but are not intended to
address the underlying causes of population
declines or maintain natural ecosystem
functions (California Department of Fish and
Wildlife 2000, Butler and Borgeson 1965).

Competition, genetic introgression and disease
transmission resulting from  hatchery
introductions may have the potential to reduce
the production and survival of native, naturally-
reproducing steelhead (Chilcote 2011, Hayes et
al. 2004, Myers et al. 2004). Genetic investigations
of SCCCS steelhead have not detected any
substantial interbreeding of native O. mykiss
with hatchery reared O. mykiss (Abadia-Cardoso
et al. 2011, Christie et al. 2011, Clemento et al.
2009, Girman and Garza 2006).

@ mpwMD @
SLEEPY HOLLOW STEELHEAD

* REARING FACILITY *
#45 SAN CLEMENTE
0.8 MILES - 659-6094

Steelhead Rearing Facility — Carmel River

Stocking to support recreational angling within
the SCCCS Recovery Planning Area are now
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generally conducted in non-anadromous waters,
though fish in some cases may escape into
anadromous waters (California Department of
Fish and Wildlife and U.S. Fish and Wildlife
Service 2010). Collection of native steelhead for
hatchery broodstock purposes has the potential
to harm small or dwindling natural populations.

However, artificial propagation may play an
important role in steelhead recovery through
preservation of individuals representing genetic
resources which would otherwise be lost as a
result of local extirpations (see Chapter 8§,
Summary of DPS-Wide Recovery Actions,
Section 8.3 Conservation Hatcheries).
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Current DPS-level Threats Assessment

4, cCurrent

DPS-Level

Threats Assessment

“A widespread trend observed in this Steelhead Recovery Planning Area is severe to very severe
degradation of habitat conditions along the mainstems of impaired watersheds, while the upper
mainstem and tributaries retain relatively high habitat values for steelhead.”

California Coast Steelhead Recovery Planning Area: Threats Assessment

Hunt & Associates 2008

4.0 INTRODUCTION

Anadromous O. mykiss in
significant threats from water and land
management practices that have degraded or

California face

curtailed freshwater and estuarine habitats,
reducing the capability of the species to persist
within most watersheds (Moyle et al. 2011, 2008).
Extensive agricultural development in the Pajaro
and Salinas River basins, as well as in segments
of the Pismo, San Luis Obispo, and Arroyo
Grande Creek basins, have significantly
modified and degraded major steelhead-bearing
watersheds, particularly their mainstems and
estuarine habitats. In addition, given the current
threatened status of the species and the
degraded condition of many freshwater and
estuarine ecosystems, the persistence and
recovery of the species may be further
threatened by shifts in climatic and
oceanographic conditions. See Chapter 5, South-
Central California Coast Steelhead and Climate
Change.

Table 4-1 summarizes the top-ranked! sources of
threats across the SCCCS Recovery Planning

1 Threat sources were ranked in terms of the level of
contribution and degree of irreversibility of the stressors
emanating from the threat source. See Appendix D for
further information.

Area. These were identified in the threats
assessment conducted for watersheds within
each BPG. The threat sources with a “very high”
or “high” severity ranking were dams and
surface water diversions, wildfires, and
groundwater extraction. The adverse effects of
dam and surface water diversions are
particularly significant because they impact
steelhead by, blocking migration routes to
spawning and rearing habitats, and altering
natural flow regimes essential for maintaining
these habitats.

While wildfires are a natural occurrence, and an
important part of the life cycle of the chaparral
plant community that dominates a significant
portion of the SCCCS Recovery Planning Area,
they ranked as a very high threat throughout the
SCCCS DPS. Consequently, their management,
and role in determining the distribution of
watersheds to be restored is fundamental to the
over-all recovery strategy of the Recovery Plan
(see further discussion in Chapter 6, Criteria D-
2- Redundancy and Geographic Separation).

Urban development, levees and channelization,
and other passage barriers also adversely affect
a large percentage of steelhead watersheds in
the SCCCS Recovery Planning Area and were
therefore ranked high in the threats assessment
for significant portions of the SCCCS DPS.
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Finally, while not captured explicitly in The
Nature Conservancy’s threats assessment
process, the impacts of environmental
variability, including projected changes in
precipitation patterns and the consequences of
fluctuations in ocean conditions will likely play
a significant role in the persistence and recovery
of the SCCCS DPS. The basic recovery strategy,
to restore and protect a wide variety of
steelhead habitats (including refugia habitats)
throughout the SCCCS Recovery Planning Area
is intended to address the this largely
unpredictable threat to the recovery and
persistence of the SCCCS DPS; this issue is
addressed in Section 4.1 and 4.2.7 below, and
Chapter 5, South-Central California Coast
Steelhead and Climate Change.

This chapter provides an introduction to the
threats assessment process and summarizes the
results of NMFS’ threats assessment at the DPS
level. Summaries of the threats posed to
individual BPGs are presented in the chapters
devoted to each BPG (Chapters 9-12).

4.1 THREATS ASSESSMENT PROCESS

NMEFS assessed current and expected future
threats to steelhead persistence and recovery in
key watersheds identified by the TRT and
NMEFS staff. This assessment used The Nature
Conservancy’s Conservation Action Planning
(CAP) framework (The Nature Conservancy
2007, 2000). This method and NMFS’ application
to the threats assessment for South-Central
California Coast steelhead is further detailed in
Appendix D, South-Central California Coast
Steelhead Recovery Planning Area Threats
Assessment (CAP Workbooks) method. Use of
this method allowed NMFS to organize the best
available  information (and  professional
judgment when no other information was
available) on the threats impacting SCCC
steelhead. Information was entered into
electronic =~ workbooks  programmed  to
summarize and track the information for use in
identifying, developing and implementing

recovery actions designed to address the
identified threats. The threats assessment
process is iterative and new information can be
incorporated as it becomes available or as
periodic status reviews of the species occur (Kier
Associates and National Marine Fisheries
Service 2008a, 2008b, Hunt & Associates 2008a).

Current conditions of essential habitat elements
for steelhead were assessed with information
from a variety of sources including published
and unpublished reports. The severity of threats
to steelhead or their habitat was estimated and
ranked. Based on the initial threats assessment,
the threats and associated sources of those
threats across the SCCCS Recovery Planning
Area, within each BPG, and within specific
watersheds, were identified. A listing of the
individual watersheds evaluated in the CAP
framework is located in Appendix D.

In addition to the CAP threats assessment,
NMEFS evaluated the best available information
regarding impacts of predicted shifts in climate
and the marine environment and the impacts of
these shifts on the ability of steelhead to recover.
These two threats were not easily addressed in
the CAP workbooks and so are not explicitly
reflected in the tables depicting the threats
assessments results below. However, NMFS
considered the threats posed by shifting climate
and a varying marine environment when
identifying an overall recovery strategy for the
species and particular recovery actions.
Steelhead will be able to persist through
changing environmental conditions with
recovery of well-distributed viable populations
across the SCCCS Recovery Planning Area.
Well distributed and viable population will
support a variety different life stages and life
history strategies which will add resiliency to
the SCCCS DPS. Recovery actions addressing
climate and marine conditions are embedded
within recovery actions designed to achieve
these objectives; some of the most significant for
the SCCCS DPS are the restoration and
protection of flows, ensuring access to spawning
and rearing habitat, and restoration of riparian
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and estuarine habitats providing refugia during
extreme droughts or other weather events that
can degrade steelhead habitat.

4.2 CURRENT DPS-WIDE THREATS
ASSESSMENT SUMMARY

The following discussion presents information
on current and future threats impacting
steelhead in the SCCCS DPS. The discussion is
organized around a set of threat sources
identified for each BPG in Chapters 9-12 and
associated  appendices. The information

presented in this chapter is a summary of threats
across the SCCCS Recovery Planning Area.

The current conditions of 27 major watersheds
within the SCCCS Recovery Planning Area
ranged from “Fair” to “Poor” at the northern
and southern ends of the SCCCS Recovery
Planning Area, whereas habitat conditions were
generally rated as “Good” or “Very Good” in
the central portion of the Recovery Planning
Area within the Big Sur Coast and northern San
Luis Obispo Terrace BPGS (see CAP Workbook
summaries for more detailed information).

Table 4-1. Percentage of watershed within the BPGs with High or Very High threat sources.

Biogeographic Population Group (BPG)
THREAT SOURCE*
Integgrr]g(::ast Ca;rgz:naLver Big Sur Coast San Luis Obispo
Dams and Surface Water Diversions 100% 100% 14% 50%
Groundwater Extraction 71% 100% 14% 58%
Levees and Channelization 43% 100% 0% 50%
Recreational Facilities 29% 100% 14% 25%
Urban Development 29% 100% 0% 25%
(th?mi? gggs(;;gg:riers) 14% 100% 29% 8%
Agricultural Development 71% 0% 0% 67%
Non-Point Pollution 50% 0% 29% 33%
Mining 50% 0% 0% 0%

* Percentages were identified as “High” or “Very High” as part of the CAP Workbook analyses. See individual BPG Threat
Summaries in Chapters 9-12 for threats ranking in individual watersheds.
** The Carmel River is the only watershed within the Carmel River Basin Biogeographic Population Group.
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Many of the watersheds contain high-quality
spawning and rearing habitat, but are
compromised by one or more anthropogenic
factors; for example, Salinas River (San Antonio,
and Nacimiento, and upper Salinas Dams),
Carmel River (San Clemente and Los Padres
Dams, other passage barriers), and Pajaro River
and tributaries (groundwater extraction, Uvas,
Chesbro, and Pacheco Dams, flood control, and
diversions in the lower reaches) in the Interior
Coast Range BPG. A widespread trend in the
SCCCS Recovery Planning Area is severe to
very severe degradation of habitat conditions
along the mainstem of many watersheds, while
the upper mainstem and tributaries (above and
below dams) retain relatively high habitat
values for steelhead. This is particularly evident
in the Pajaro River, Salinas River, and Arroyo
Grande Creek watersheds. Another DPS-level
threat is impacts associated with wildland fires,
including fire-fighting measures to control or
extinguish them, and the post-fire measures to
repair damages incurred in fighting wildland
fires. (see for example, Verkaik et al. 2013,
Keeley et al. 2012, Cooper 2009, Capelli 2009,
National Marine Fisheries Service 2008b, Finger
1997).

4.2.1 Dams, Surface Water Diversions
and Groundwater Extraction

Dams, surface water  diversions, and
groundwater extraction are common across the
SCCCS Recovery Planning Area, especially on
the larger rivers, such as the Pajaro, Salinas (and
major tributaries, San Antonio and Nacimiento),
and Carmel Rivers, but also Old, Pismo, and
Arroyo Grande Creeks (California Department
of Fish and Wildlife 2012a, California
Conservation Corps 2005, California Coastal
Conservancy 2004, California Department of
Water Resources 1988). Loss of surface flows
through the operation of dams or surface water
diversions along the mainstem of the river
adversely affect the productivity of important
downstream mainstem habitats, and upstream
tributaries otherwise providing spawning and
rearing habitats for anadromous steelhead. Re-

establishing surface flows and/or maintaining
hydrologic connections and physical access
between the ocean and upper watersheds would
expand access to historically important
spawning and rearing habitats. = Restoring
hydrologic connection and physical access is
essential to recovery of the SCCCS DPS. Such a
strategy improves the overall habitat conditions
(amount and complexity) for steelhead, as well
as the existing populations of native
residualized O. mykiss that currently are isolated
above dams and reservoirs.

San Clemente Dam - Carmel River

Dams also negatively affect the hydrology,
sediment transport processes, and
geomorphology of the affected drainages. In
addition, dams and reservoirs frequently
include recreational development for fishing
and camping, which can lead to the introduction
non-native predators and/or competitors (e.g.,
largemouth and smallmouth bass, carp, crayfish,
western mosquitofish) as well as promote
trampling of the active channel, which
potentially can lead to direct loss of redds (Petts
and Gurnell 2013, Muhlfeld et al. 20011a, 2011b,
Brown and Bauer 2009, Johnson et al. 2008,
Keefer et al. 2008, Caudill et al. 2007, Dickens et
al. 2007, Malcolm et. al. 2003, Williams and
Bisson 2002, Brandt 2000, Pacific States Marine
Fisheries Commission 1999, Ligon et al. 1995,
National Marine Fisheries Service 1996a, Roberts
and White 1992).
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4.2.2 Agricultural and Urban
Development, Roads, and Other
Passage Impediments

Human population density is high in some parts
of the SCCCS Recovery Planning Area and
development pressures in general are
concentrated in the coastal terraces and middle
and lower portions of watersheds. Population
density is a relative measure of intensity of land
use and impacts to individual watersheds. Some
of the watersheds in the Interior Coast Range
BPG were extensively developed for agriculture,
which typically occurs on floodplains. In
addition, the upland slopes in several of the
watersheds in the San Luis Obispo Terrace BPG
are extensively planted in orchard crops
(California Department of Water Resources
1978).

= S o =
Agricultural Activity -Pismo Creek

The typical pattern of urban and agricultural
development focuses on the flatter portions of a
watershed, typically within the floodplain and
usually along the mainstem of the drainage and
one or more tributaries, thereby magnifying
potential impacts to steelhead even if most of
the watershed remains undeveloped.
Agricultural development on lower floodplains
has resulted in channelization, removal of
riparian vegetation, and simplification of
channel structures, as well as the elevation of
fine sediments and other types of pollution such
as pesticides and fertilizers which can elevate
nutrient levels and increase bio-oxygen

demands. Public ownership of lands in the
SCCCS Recovery Planning Area varies widely
between watersheds but generally decreases
southward. Although public ownership of these
watersheds (U.S. National Forest and BLM
lands, military bases, etc.) can be extensive, these
public lands are typically concentrated in the
upper watersheds leaving the middle and lower
watersheds subject to private development
(Cooper et al. 2013, Kier Associates and National
Marine Fisheries Service 2008a, 2008b, Hunt &
Associates 2008a, United States Army 2007,
United States Forest Service 2005a, 2005b, 2004,
National Marine Fisheries Service 1996a).

423 Flood Control, Levees and
Channelization

Urban and agricultural conversion of floodplain
lands adjacent to the mainstem of rivers and
streams frequently requires levees or other
structures to protect these lands from flooding.
The urban and agricultural reaches of a majority
of the watersheds in the SCCCS Recovery
Planning Area have been subjected to some
degree of channelization and/or levee
construction with a resulting loss or degradation
of the riparian corridor and streambed. Flood
control practices and associated channelization
of streams and placement of levees impair the
function and quality of stream habitats (Jeffres et
al. 2008, Brown et al. 2005, National Marine
Fisheries Service 1996a, Faber et al. 1989).
Extensive channelization has occurred along the
Pajaro River, and a number of its tributaries, as
well as along the lower Salinas River which has
been realigned, and long portions of the Carmel
River, Pismo, San Luis Obispo, and Arroyo
Grande Creeks (Kier Associates and National
Marine Fisheries Service 2008a, 2008b, Hunt &
Associates 2008a).
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Channelization - Pajaro River

Habitat impairments for O. mykiss may include
increased water temperature, incision of the
streambed and loss of structural complexity and
instream refugia (meanders, pools, undercut
banks, etc.), complete loss of bed and bank
habitat, increased sedimentation, turbidity, and
substrate embeddedness, and excessive nutrient
loading (Richardson, et al. 2010, Jeffres et al.
2008, Naiman et al. 2005, Newcombe 2003,
National Research Council 2002, Naiman and
Bilby 1998, Newcombe and Jensen 1996, Capelli
and Stanley 1984, Warner and Hendrix 1984,
Newcombe and McDonald 1991).

4.2.4 Non-Native Species

Non-native game species, such as large and
smallmouth bass, and bullhead catfish, are often
stocked into both non-anadromous and
anadromous  waters  (including artificial
reservoirs) by public and private entities.
Additionally, other non-native species such as
striped bass have spread into some of the
watersheds of the SCCCS Recovery Planning
Area (e.g., Pajaro, Salinas, and Carmel Rivers)
from other areas. While these stocking efforts
have provided seasonal fishing opportunities,
the impacts of these no-native fishes on native,
naturally-reproducing O. mykiss stocks are not
well understood, though there is a potential
adverse impact as a result of predation, disease,
disruption of behavior or habitat displacement
(Cucherousset and Olden 2011, Davis 2009,
Fraser 2008, Fritts and Pearsons 2006, Hayes et
al. 2004, Noga 2000, Wood 1979, Dill and

Cordone 1997, National Marine Fisheries Service
1996a, Rucker and Ordall 1953).

There are no production steelhead hatcheries
operating in or supplying hatchery reared
steelhead to the SCCCS DPS. However, there is
an extensive stocking program of hatchery
cultured and reared, non-anadromous O. mykiss
(i.e., rainbow trout) that supports a put-and-take
fishery. Competition and disease transmission
resulting from hatchery introductions have the
potential to reduce the production and survival
of native, naturally-reproducing steelhead,
though genetic investigations of SCCCS
steelhead have not detected any substantial
interbreeding of native with hatchery reared O.
mykiss (Clemento et al. 2009, Girman and Garza
2006). These stockings are now generally
conducted in non-anadromous waters.

However, California’s steelhead stocking
practices in the past have distributed non-native
steelhead stocks in many coastal rivers and
streams in California (California Department of
Fish and Wildlife and U.S. Fish and Wildlife
Service 2010). Because of problems associated
with the practice of transplanting non-native
steelhead stocks, CDFW developed its Salmon
and Steelhead Stock Management Policy. This
policy recognizes stock mixing can be
detrimental and seeks to maintain the genetic
integrity of all identifiable stocks of salmon and
steelhead in California, as well as minimize
interactions between hatchery and natural
populations. To protect the genetic integrity of
individual salmon and steelhead stocks, this
policy directs CDFW to evaluate the stocks of
each salmon and steelhead stream and classify it
according to its probable genetic source and
degree of integrity (McEwan and Jackson 1996).
Additionally, CDFW has eliminated the stocking
of hatchery cultured and reared fish in most
coastal streams where steelhead have direct
access from the ocean (California Department of
Fish and Wildlife and U.S. Fish and Wildlife
Service 2010).
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Striped Bass - Pajaro River (Courtesy Joel Casagrande)

In addition to the intentional introduction of
non-native game species of fish, many other
non-native species of wildlife and plant species
have been introduced into the watersheds of
South-Central California Coast which have the
potential to displace native species, or adversely
affect aquatic habitat conditions. Invasive plants
such as the Giant reed (Arundo donax) and
Tamarisk (Tamarix spp.) currently displace
extensive areas of native riparian vegetation in
major drainages such as the Salinas River and, in
some cases, can reduce surface flows through
the uptake of large amounts of groundwater.
Non-native plant species such as water primrose
(Ludwigia uruguayensis) can displace aquatic
living space and, in extreme conditions, inhibit
or block the instream movement of fish. Non-
native plants can also reduce the natural
diversity of insects that are important food
sources for juvenile O. mykiss (Bell et al. 2009,
Bossard et al. 2000, McKnight 1993).

4.2 .5 Estuarine Loss

The mouths of most South-Central California
Coast watersheds are characterized by one of
several distinct types of estuaries formed by a
combination of coastal topography, geology,
and the hydrologic characteristics of the
watershed (Jacobs et al. 2011, Ferren et al. 1995).
Estuaries are used by steelhead as rearing areas
for juveniles and smolts as well as staging areas
for smolts acclimating to saline conditions in
preparation for entering the ocean and adults
acclimating to freshwater in preparation for
spawning (Kier Associates and National Marine
Fisheries Service 2008a, 2008b).

Estuarine Fill- Pajaro River

Because estuaries are located at the downstream
end of coastal watersheds, and on relatively
level coastal plains which are the most heavily
urbanized portions of South-Central California,
they have been subjected to a majority of the
DPS-wide threats identified through the threats
assessment. Estuarine functions are adversely
affected in a wide variety of ways (eg.,
degradation of water quality, modification of
hydrologic patterns, changes in species
composition). One indicator of the magnitude
of the loss of estuarine functions is loss of
wetland acreage, through a range of activities,
including  filling, diking, and draining.
Approximately 75 percent of estuarine habitats
across the SCCCS Recovery Planning Area have
been lost and the remaining 25 percent is
constrained by agricultural and wurban
development, levees, and transportation
corridors such as highways and railroads
(primarily in the more extensively developed
northern and southern portions of the SCCCS
Recovery Planning Area). Gleason et al. (2011),
Grossinger et al. (2011, 2008), Kier Associates
and National Marine Fisheries Service (2008a,
2008b), Dahl (1990), Ferren et al. (1995). In
addition to the loss of overall acreage, the
habitat complexity and ecological functions of
South-Central California Coast estuaries have
been substantially reduced as a result of: (a) loss
of shallow-water habitats such as tidal channels,
(b) degradation of water quality through both
point and non-point waste discharges, and (c)
artificial breaching of the seasonal sandbar at the
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estuaries mouth which can reduce and degrade
steelhead rearing habitat by reducing water
depths and the surface area of estuarine habitat.

Estuarine habitat loss varies widely across BPGs,
with  the
experiencing the largest physical modification
and the estuaries along the Big Sur Coast (e.g.,
Little Sur and Big Sur River) and the northern
portion of the San Luis Obispo County coast
(e.g., San Carpoforo, Arroyo de la Cruz, and
Little Pico Creeks) the most physically intact,

Pajaro and Salinas estuaries

though they are impaired by reduced freshwater
inflows as well as and point and non-point
waste discharges.  Table 4-2 provides an
estimate of the relative loss of South-Central
California Coast wetland estuarine acreage for
some of the key estuaries associated with
steelhead South-Central
California Coast for which information was
available (see Chapter 2, Steelhead Biology and
Ecology, for a discussion of the role of estuaries
in the life history of steelhead).

populations  in
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Table 4-2. Estuarine habitat loss in component watersheds of the South-Central California
Coast Steelhead Recovery Planning Area, grouped by BGP.1

Remaining Estuarine Habitat
BPG | Watershed (% of historical habitat)
S ¢ & | Pajaro River 15
= © c
2o
£ O | Salinas River 10
T 5o
ES % | Carmel River 67
Sta
San Jose Creek 10
Garrapata Creek 100
@ Bixby Creek 100
3
5 Little Sur River 100
n
= Big Sur River 100
Willow Creek 70
Salmon Creek 100
San Carpoforo Creek 90
Arroyo de la Cruz 90
Little Pico Creek 100
@ .
3 Pico Creek 60
@
'; San Simeon Creek 50
7]
o Santa 