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ESSAY

Is Extinction Inevitable for Delta Smelt and Longfin
Smelt? An Opinion and Recommendations for Recovery

James A. Hobbs*, Peter B. Moylel: 2, Nann Fanguel, and Richard E. Connon?®

(Hypomesus transpacificus), protected under the
California and federal ESAs, and Longfin Smelt
(Spirinchus thaleichthys), protected under the
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* Corresponding author: jahobbs@ucdavis.edu California ESA, declined further in 2014 and are

1 Department of Wildlife, Fish and Conservation Biology now at historical lows in the San Francisco Estuary

, g”"’ersf'ty\c/’;Ca"?’:'sa’_Da"'s' CA 95616 USA (estuary) (Figures 1 and 2). In 2015, the California
L L S st Department of Fish and Wildife (COFW) Summer

3 School of Veterinary Medicine Townet Sur\_/ey (TN_S) reported the first zero
University of California, Davis, CA 95616 USA abundance index since the survey began more than

50 years ago. Meanwhile, the Fall Midwater Trawl
(FMWT) index for Longfin Smelt narrowly avoided its

KEY WORDS first zero index with 3 fish caught .in Depember 2015.
The apparent collapse of both species triggered alarm
Hypomesus transpacificus, Spirinchus thaleichthys, among scientists, stakeholders and natural resource
extinction, endangered species, recovery, managers, resulting in a symposium held at the
Sacramento—San Joaquin Delta, San Francisco University of California, Davis (March 29, 20161) that
Estuary focused on the question: is extinction inevitable for

Delta Smelt and Longfin Smelt?

In our opinion, extinction is not inevitable in the
short run, if we use the most current scientific
understanding to manage the ecosystem and begin
to make bold steps towards recovery. However, given
climate change projections and our knowledge of
the physiological tolerances for Delta Smelt and
Longfin Smelt, in the long run, the upper estuary will
likely be unable to support the two species without
large-scale human intervention (Brown et al. 2013,
2016; Komoroske et al. 2013, 2014; Jeffries et al.
2016). In this essay, we first describe a pathway

to assessing extinction, and then present a series

of recommendations for how to prevent extinction
of Delta Smelt and Longfin Smelt in the estuary.

We regard the fate of these species to be a test of
society’s will to pull threatened and endangered

“The basic lesson from the collapse of Delta
Smelt is that to save species, ecosystem-

based actions have to be taken quickly to

halt irreversible change, or at least to guide
inevitable change in a more favorable direction.
The longer the delay, the harder the decisions,
and the less likely they are to produce positive
results. For the Delta Smelt, the time to make
key decisions for its survival in the Delta may
have already passed.” (Moyle et al. 2016a).

Since implementation of the federal Endangered
Species Act (ESA), no listed fish species has gone
extinct. However, the abundance of Delta Smelt

1 http://cmsi.ucdavis.edu/events/smelt-longfin/index.html
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Figure 1 Delta Smelt annual abundance indices for CDFW surveys: larvae and juveniles (20-mm Survey), juveniles-sub-adults (Fall Midwater
Trawl), and adults (Spring Kodiak Trawl). The initiation of each survey is indicated by the first bar; missing bars indicating years for which an
index was not calculated. (Source: CDFW.)
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Figure 2 Longfin Smelt annual abundance indices for CDFW surveys: the FMWT index is the abundance of age-0 fish from September to
December, the BS-MWT and BS-OT is the index for the May—October period for age-0 fish in each net. (Source: CDFW.)



species back from the brink of extinction and further,
to bring about recovery of native fishes. We hope
the new information and analyses presented at the
symposium, along with the opinions presented in this
document, will stimulate innovative approaches to
managing the species.

WHERE DO WE GO FROM HERE?

“People often ask, ‘What is the single most
important environmental problem facing the
world today?” The single most important
problem is our misguided focus on identifying
the single most important problem! .... Because
any of the dozen problems, if unsolved, would
do us great harm because they all interact with
each other.” —Jared Diamond

There is no single factor that could be managed to
recover Delta Smelt and Longfin Smelt. Numerous
stressors affecting Delta Smelt have been identified
and evaluated using a life-cycle based conceptual
model by the Interagency Ecological Program’s
Management, Analysis, and Synthesis Team (IEP-
MAST), and synthesis efforts are in progress for
Longfin Smelt (IEP-MAST 2015). These synthesis
efforts have demonstrated that a lot is known about
how smelt respond to stressors. However, many
stressors remain understudied, the interactions among
stressors unresolved, and too few stressors are under
our control. Furthermore, the relative impacts of
stressors cannot be simply listed in sequential order
of importance; every year the order and magnitude
of each varies, and most stressors interact with

each other, probably in different ways in different
years, making it difficult to recommend single

factor management actions. Therefore, we must
focus on approaches to build resiliency within these
populations. This will require a different approach to
managing the Sacramento-San Joaquin Delta and the
San Francisco Estuary for Delta Smelt and Longfin
Smelt. We cannot solely rely on managing freshwater
flows or minimizing loss of fish to South Delta
exports. To rebuild resilience in these fish we must
employ a multifaceted attack on known stressors,
utilize novel strategies to restore habitats, and
manage flows based on the life history of the species.

The Natural Resource Agency recently released the
“Delta Smelt Resiliency Strategy” (2016), which

outlines a series of actions that could be implemented
to support resilience in the Delta Smelt population.
These actions are targeted on a subset of stressors
including turbidity, food availability and quality,
and outflow augmentation. We think this approach
is a reasonable first step toward what should become
a larger collaborative effort to stave off extinction

in the near term and provide the foundation for
rebuilding resiliency to deal with climate change.
We acknowledge that this approach will require
substantial political and economic will, given that
many factors may have limited, indeterminate,

or unknown effects on Delta Smelt and Longfin
Smelt abundance. Actions to support population
resilience should be taken using an adaptive
management framework, led by an independent team
of scientists working collaboratively with the IEP
and stakeholders using the IEP-MAST conceptual
models to guide study design and implement
monitoring. Our recommendations are developed
with this broad framework in mind. We emphasize
that our recommendations are our own, based on
the information revealed in the smelt symposium
and in Moyle et al. (2016a); they do not represent all
viewpoints represented at the symposium.

ASSESSING EXTINCTION

If the two smelt species disappear from the
monitoring surveys, how would extinction be
declared? Surprisingly, there are no formal procedures
to declare extinction; however, Baumsteiger and
Moyle (2017) propose such a procedure, which is
followed here. The U.S. Fish and Wildlife Service

or the National Marine Fisheries Service can
effectively de-list an endangered species if agency
biologists have evidence that no individuals are left
during the regular five-year review process; this is
tantamount to declaring extinction. In addition, the
1979 amendment to the Federal Endangered Species
Act established the Endangered Species Committee,
which is made up of high-level federal officials plus
the governor of the state in which the species occurs
(USDOI 1978). This committee, commonly known

as “The God Squad,” has the authority to exempt

a federal agency from Section 7(a)(2) requirements
under any of a number of circumstances, effectively
removing federal protection, indirectly declaring a

https://doi.org/10.15447/sfews.2017v15iss2art2



species extinct.2 However, the California ESA would
still provide protection for Delta Smelt and Longfin
Smelt if such a ruling were made. As such, it is
unclear how extinction would be declared for Delta
Smelt and Longfin Smelt.

Given the economic and political incentives to
remove water project pumping restrictions deemed
necessary to protect smelt, there is an urgent need
to establish a modus operandi for determining
extinction in the Delta. If Delta Smelt or Longfin
Smelt were absent from IEP monitoring surveys and
other surveys (e.g., UC Davis’s Suisun Marsh Project)
for a minimum of two successive years, we propose
the following:

1. All management agencies and stakeholders agree
to a memorandum of understanding that keeps
all protections for smelt species in place without
litigation.

2. |EP agencies, in collaboration with stakeholders,
conduct coordinated, spatially and temporally
intensive sampling for a minimum of three
consecutive years.

3. An annual smelt summit is held, bringing
together scientists and stakeholders (e.g., IEP
scientists, Delta Stewardship Council, university
scientists, water agency representatives) to review
the data. Findings of the summit are presented in
a public forum to the California Fish and Game
Commission, which has the authority to delist
species at the state level.

4. Routine IEP monitoring is continued for a
minimum of 10 generations for each species with
protective measures continued throughout this
period (10 years for Delta Smelt and 20 years for
Longfin Smelt).

5. If no individuals are found in expanded and
routine monitoring for 10 generations, final
extinction ruling of the species is the decision of
the California Fish and Game Commission.

The final ruling from the California Fish and Game
Commission would reflect only the State’s opinion
on extinction for Delta Smelt, but would be the sole
decision for Longfin Smelt, which is not currently

2 https://www.gpo.gov/fdsys/pkg/STATUTE-92/pdf/STATUTE-92-
Pg3751.pdf

listed under the federal ESA, despite the finding that
listing the species was “warranted but precluded”
from protection (Federal Register 2012). Further, this
would only pertain to Longfin Smelt in California,
because this species also occurs along the coast from
California to Alaska. Concomitant with this process,
USFWS could rule the Delta Smelt as no longer
protected under the federal ESA, but it is unclear how
or if this ruling would influence California state law.

While establishing a pathway to declare extinction

is important, the preferable path is one that leads
away from declaring extinction. The latter is fraught
with problems without revision of current policy.
First, the legal take of Delta Smelt is currently
established by the USFWS using the IEP’'s FMWT
index as a multiplier to set take limits for the water
projects and scientific monitoring. A FMWT index of
zero (which is quite different from a catch of zero),
will immediately cause problems for establishing
minimum take levels and export levels at SWP and
CVP, because the product of any multiplier and a
zero index will be zero. In 2016, an index of zero
was narrowly avoided with increased catch of Delta
Smelt in December. Second, an index of zero would
similarly affect take for monitoring surveys. At a
time when it becomes important to conduct more
sampling to determine the extent of Delta Smelt
occurrence, USFWS would likely order reduced
monitoring efforts to avoid take of the species,

and thus compound the problem by limiting our
knowledge of the species status. And third, indices of
zero in monitoring surveys could spur litigation that
would leave the fate of listed species to be decided by
the courts. Thus, efforts to provide better estimates
of abundance and minimize salvage of Delta Smelt
at the CVP and SWP should be implemented with
the goal of providing a better tool for allocating take
among the monitoring and research community.

To avoid these problems, new policies for devising
and allocating take for water projects and scientific
monitoring is needed. Scientific monitoring efforts
should not be halted to avoid take. As smelt
populations decline below detection limits in
current monitoring surveys, we will need to increase
sampling efforts to continue to assess population
status to avoid premature extinction declarations.
This will require strong collaboration between state
and federal regulatory agencies and stakeholders (a
Smelt Squad), similar to the founding arrangement



seen within the Interagency Ecological Program.

A memorandum of understanding among these
stakeholders should be developed to guide actions
as smelt near extinction. Efforts to devise a plan to
hold off extinction are now underway, as seen in
the Delta Smelt Resiliency Strategy.® While many
of our recommendations are consistent with the
Resiliency Strategy, we provide additional input
on the direction management action should take.
Our recommendations fall under 11 headings: (1)
Developing a Delta flow regime, (2) augmented
freshwater flows, (3) managing salvage at the
export pumps, (4) tidal marsh restoration, (5)
invasive species control, (6) predator removal, (7)
wastewater management, (8) artificial propagation,
(9) contaminants, (10) simulated flooding and (11) the
California WaterFix project.

DELTA FLOW REGIME

We recommend developing a Delta flow regime for
native fishes, including smelt, based on modeling
studies to integrate historical and modern flow
variability with individual-based life cycle models.

Historically, the natural flow regime of rivers
entering the Delta interacted with tidal variation to
create a highly dynamic habitat in space and time
(Whipple et al. 2012a), and the Delta’s native species
evolved life history strategies to take advantage

of this dynamic environment. Development of the
Central Valley and Delta for agriculture resulted

in enormous loss of seasonal and tidal wetland
habitat and has significantly reduced the volume
and timing of freshwater entering the estuary.
Subsequent water management reduced flow
variability (eliminating the peak high and low
flows), changed flow direction in the South Delta
and altered average flow conditions throughout the
year as well as modified the landscape by widening
and straightening channels, and building hundreds
of miles of rip-rap levees to promote efficiencies in
water delivery. These changes altered flows to create
an ecosystem to which most native species are no
longer adapted. As such, empirical observations of
how Delta Smelt and Longfin Smelt respond to flows
across this highly-modified landscape likely reflects

3 http://resources.ca.gov/docs/Delta-Smelt-Resiliency-Strategy-
FINALO70816.pdf

maladaptive behaviors which could lead to poor
management decisions. Modeling studies comparing
historical and modern flow regimes and their effects
on smelt vital rates (growth, migration and survival)
are an important starting point for prescribing better
flows for smelt. We recommend modeling studies to
elucidate flow-habitat mechanisms.

Integrating Modeling to Design a Delta Flow Regime.
Recent reconstructions of the historic Delta landscape
and modeling of unimpaired flows provide us with
basic tools to examine how a natural flow regime
would have functioned in the historical Delta
(Whipple et al. 2012a). We recommend integrating
quantitative individual-based life-cycle models for
Delta Smelt and Longfin Smelt with high-resolution
three-dimensional models of historical and modern
flows to explore how various flow regimes might
influence habitat attributes that drive vital rates.
Combining such modeling with empirical field studies
of vital rates and laboratory studies should fill key
data gaps, and provide the best opportunity for
developing a flow regime that is better suited for the
life history of the two smelt species. Groundwork for
this effort has been developed by K. Rose and others
(Rose et al. 2013a, 2013b).

FLOW AUGMENTATION

We recommend providing additional flows when
necessary to alternative locations (other than the
Sacramento River channel) such as the Yolo Bypass
and the Napa River to augment flows for smelt.

The historical Delta received fresh water from a
variety of upstream areas, including the Cosumnes
River and Mokelumne River, while the bays received
freshwaters from many small tributaries such as

the Napa River, Petaluma River in North Bay and
Alameda Creek and Coyote Creek in South Bay
(Figure 3). Streams typically entered the upper
reaches of sloughs and likely facilitated the exchange
of nutrients and productivity developed in these
habitats with the larger sloughs and bays creating a
diverse and dynamic habitat. Many of these smaller
streams have been dammed or diverted for flood
control and local use eliminating this important
process. In many streams, urban development may
preclude such restoration of flows, however in some
locations providing flows may restore this ecosystem

https://doi.org/10.15447/sfews.2017v15iss2art2



function. Providing flows into managed habitats such
as the Yolo Bypass Toe Drain and into the upper
reaches of sloughs in Suisun Marsh could provide
benefits for Delta Smelt. Restoring flows to tributaries
entering the bays could provide additional rearing
habitat, particularly for Longfin Smelt as recent
studies have found larval Longfin Smelt in the Napa
River, Petaluma River (Parker et al., 2017).

The Delta Smelt Resiliency Strategy has called for
outflow augmentation in the form of spring or
summer releases from dams, recommending that
between 85 and 200 thousand acre-feet (taf) be added
to flows mandated to meet water quality objectives
(CNRA 2016). However, this relatively small

volume of additional outflow is unlikely to have a
substantial impact on habitat conditions. And if this
augmentation occurs when Delta Smelt and Longfin
Smelt are already at low abundance, any benefits
may be undetectable. We see outflow augmentation
as an opportunity to provide flows into novel

areas. In 2016, CDWR and stakeholders provided
additional flows to the toe drain of the Yolo Bypass,
gaining positive results for outflow augmentation
on lower trophic levels (CNRA 2017). This action
has now become a Delta Smelt Resiliency Strategy
element called the North Delta Foodweb Adaptive
Management Plan. To make best use of additional
water and input locations, outflow augmentation
should be done within an adaptive management
framework to gain information on the benefits of
such actions.

Increasing freshwater outflow to the estuary should
be the ultimate priority for promoting resilience in
the Delta’s native species. Longfin Smelt abundance
is higher in wet years, while Delta Smelt numbers
tend to be higher in moderately wet years, albeit
with cooler temperatures (Moyle et al. 2016a). The
State Water Resources Control Board is currently
revising the Water Quality Control Plan for the Delta
to call for additional outflows from the Sacramento
and San Joaquin Rivers. We support increased
flows to the Delta from these major sources of fresh
water; however, efforts must also be focused on
additional attributes of flows and flow variability
that could promote smelt recovery, such as the
timing, magnitude and duration of flows. Additional
freshwater flows, beyond those required to meet
water quality standards in the Delta should be

implemented adaptively, incorporating modeling
and empirical studies to measure responses in smelt
behavior and abundance.

SALVAGE MANAGEMENT

We recommend (1) managing and minimizing reverse
flows to reduce smelt entrainment at the State Water
Project (SWP) and Central Valley Project (CVP)
pumping facilities (2) conducting studies to refine
entrainment estimates, particularly for larval fishes and
(3) considering re-operation or removal of Clifton Court
Forebay.

The capture of Delta Smelt and Longfin Smelt

at the CVP and SWP export facilities (salvage)

in the South Delta has garnered a large share of
management focus and blame for smelt declines.
Yet export restrictions in most years have had little
demonstrable effect on long-term abundance trends
of either species. Nevertheless, at times, salvage and
estimates of total numbers of fish entrained has been
extremely high for Delta Smelt and may have had
impacts on adult abundance; both species have very
short life spans and events that cause recruitment
failure in a single generation can have prolonged
effects on population dynamics (e.g., entrainment
and salvage events in 1981 and 2003; Moyle et al.
2016a).

Since the 2008 biological opinion for continued
operation of the State and Federal Water Projects
(USFWS 2008), reverse flows in Old and Middle rivers
have been intensively managed on a weekly basis
during the winter and spring, and resource agencies
have enacted voluntary reductions in exports to
protect smelt. Resulting salvage of Delta Smelt and
Longfin Smelt has been low, thus we encourage
continued collaboration among the regulatory and
resource agencies to operate this system. However,
the numbers of fish entrained into the South Delta,
where mortality is presumably high, and the numbers
salvaged at CVP and SWP are still poor estimates

of the effects of the pumps on smelt, and better
estimates are needed for setting incidental take
policy. Therefore, we recommend additional efforts
to assess the accuracy of salvage estimates. Clifton
Court Forebay (CCF), has been an area of potentially
high predation mortality for smelt and salmon,
which likely influences salvage estimates. Thus,



we recommend evaluating predation loss in CCF in
conjunction with salvage studies.

1. Minimize Entrainment. We recommend continued
efforts to minimize entrainment to avoid the very
large events (e.g., 2002-2003) that could further
erode population resilience. Management efforts
should be focused to create flows that prevent
smelt from entering the Central/South Delta,
unless sufficient flows from the San Joaquin
River can be provided to eliminate reverse flows
in Old and Middle Rivers.

2. Improve Salvage Estimates. We recommend
studies be conducted to improve salvage
estimates at the SWP and CVP fish diversion
facilities. Current methods to estimate salvage
likely yield low estimates of the true numbers
of smelt moving through the facilities. Castillo
et al. (2012) demonstrated that salvage severely
underestimated the actual numbers of fish
arriving at the facilities. Also, early life stages
(<20 mm) of smelt are not counted and are
likely to be much higher than juveniles and
adults. Studies to quantify the entrainment of
early life-stage fishes in the South Delta, near
screening facilities, Clifton Court Forebay, behind
louvers, and in the aqueducts, are needed. These
studies should conduct louver screen efficiency
assessments specifically as they relate to Delta
and Longfin Smelt.

3. Clifton Court Forebay Management. CCF is a hot
spot for predatory sport fish, which likely prey
on smelt and salmon in large numbers with
unknown effects on salvage estimates. Predator
removal is a likely recommendation, however;
efficacy of such a program may not produce
results that outweigh the costs, thus CCF may
need to be redesigned, operated differently, or
eliminated so it ceases to be a major source of
mortality for smelt.

Further reducing reverse flows in Old and Middle
River is also a logical recommendation, though we
acknowledge that the very idea of making flows less
negative characterizes the larger problems within

the Delta. Ideally, flows should not be negative
anywhere in the interior Delta and water should not
be exported from within the Delta at all. But reality
dictates that both are likely to continue. Nevertheless,

long-term plans, (e.g., California WaterFix program)
should explore alternative means to convey fresh
water to users that reduce entrainment of species.

TIDAL MARSH RESTORATION

Our basic recommendation is to restore and manage
tidal marshes and other habitats to improve connectivity
between food rich marshes and open water habitats

for pelagic fishes. Near-term focus should be placed

on (1) removing existing barriers to small creeks or
backwater habitats to move food into larger areas, and
(2) managing duck clubs or large temporary flooded
areas to produce and export food into adjacent sloughs.

The historic estuary was dominated by tidal marsh
habitats, which provided food and refuge from
predators for many fishes (Whipple et al. 2012).
Now, very few extant marshes remain, and habitat
modifications have blocked the flow of marsh
derived production to open water habitats where
smelt typically occur. Restoration of tidal wetlands
is hypothesized to increase food availability for
Delta Smelt and Longfin Smelt and improve feeding
conditions locally, although very little direct evidence
for this hypothesis currently exists (Herbold et al.
2014). Many restoration projects are underway

or in the planning phases (e.g., the Suisun Marsh
Plan,* FRPA,? California EcoRestore®), while several
properties with high restoration potential are still
privately owned; thus, we do not make specific
recommendations to restore tracts of land. The focus
of tidal marsh restoration should be in lands adjacent
to areas where smelt occur, such as the North

Delta Arc, an area of connected tidal marsh habitat
from the Cache-Slough complex, down the lower
Sacramento River through the north side of Suisun
Bay, and Suisun Marsh (Figure 3). Basic additional
recommendations include:

1. Remove Barriers to Marsh Productivity. To
facilitate the trophic transfer of marsh-derived
food resources to the large sloughs and bays,
we need to provide better connectivity between
existing marsh habitat and the adjacent channels
where smelt feed (Figure 4). Many small culverts,
water control structures and small dams block

https://www.wildlife.ca.gov/Regions/3/Suisun-Marsh
http://www.water.ca.gov/environmentalservices/frpa.cfm
http://resources.ca.gov/ecorestore/

https://doi.org/10.15447/sfews.2017v15iss2art2



Figure 3 Map depicting areas for tidal wetland restorations by ownership, including the North Delta Arc (Arc of Habitat outlined in blue),
Islands in the Central Delta (yellow) and lands in the Napa—Sonoma Marsh, Petaluma River in the North Bay and salt ponds in South Bay
(pink hues). (Credit: GIS layers and maps provided by Amber Manfree, Center for Watershed Sciences, UC Davis.)





