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Longfin smelt (Spirinchus thaleichthys) was listed as threatened under
the California Endangered Species Act in 2009. This anadromous fish
exhibits complex life history patterns, using a variety of habitats from
nearshore waters, to estuaries and lower portions of freshwater streams.
While consistent data collection efforts in the greater San Francisco Bay
region provide much information regarding this species, little is known
throughout its remaining range in California. To help address this gap in
knowledge, the objectives of this review were to gather, synthesize and
analyze existing data for this species from areas outside of San Francisco
Bay, and to identify areas of historic and contemporary presence, and
habitat use along the northern and central California coasts. Observa-
tions were gathered from existing published articles, technical reports,
museum collections and field observations. Longfin smelt captures were
noted dating from 1889 to 2016 in a diverse range of habitats, including
coastal lagoons, bays, estuaries, sloughs, tidal freshwater streams and
nearshore habitats. Longfin smelt were found throughout northern and
central California in 15 watersheds spanning from Moss Landing Harbor
north to Lake Earl near the northern California border. Spawning was
noted in both the Eel River and in tributaries to Humboldt Bay, with
pre-and post-spawn individuals observed in tributaries to Humboldt Bay
in more recent years. Use of nearshore waters was also noted with most
longfin smelt collected in shallow waters relatively close to shore in the
vicinity of known spawning areas. This paper provides a comprehen-
sive look at the existing information available for this species along the
California coast, highlights current data gaps, and identifies additional
information needed to improve management and enhance recovery of
the species within the State.
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Members of the family Osmeridae are distributed throughout the cool waters of
the northern hemisphere and currently consist of 15 recognized species (Eschmeyer 2006).
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These “true smelts” include marine (5), anadromous (6), freshwater (3), and estuarine (1)
species, though life history plasticity is common in this family. For example, many species
of smelt can tolerate a wide range of salinities, with some anadromous species such as the
European smelt (Osmerus eperlanus) and the rainbow smelt (Osmerus mordax) having
self-sustaining freshwater landlocked populations (Baby et al. 1991; Lischka and Magnu-
son 2006; Tulp et al. 2013). For most species of Osmerids, spawning predominately takes
place over coarse gravels or on sandy substrates (Rupp 1965; Hirose and Kawaguchi 1998;
de Groot 2002; Stables et al. 2005; Lischka and Magnuson 2006). For example, spawning
takes place on beaches for surf smelt (Hypomesus pretiosus), and in freshwater streams
for species such as eulachon (Thaleichthys pacificus), rainbow smelt and wakasaki (Hy-
pomesus nipponensis) (de Groot 2002; Stables et al. 2005; Rice 2006). As Osmerids can
be found in large numbers in the coastal marine environment, many species are important
forage fish and contribute to a variety of commercial and recreational fisheries (Leet et al.
2001).

Seven recognized species of Osmerids occur in California including the longfin
smelt (Spirinchus thaleichthys), an anadromous species found along the central and north-
ern California coast north to central Alaska (Moyle 2002). Once harvested commercially in
San Francisco Bay, this species is currently listed as threatened by the State of California
(Leet et al. 2001; CDFW 2009). However, S. thaleichthys was found to be “warranted but
precluded” from listing under the federal Endangered Species Act in part of its range by
the U.S. Fish and Wildlife Service in part due to genetics and the lack of information on
populations outside of San Francisco Bay (USFWS 2012). Like other species of Osmerids,
population declines are likely due to habitat degradation and loss (de Groot 2002; CDFG
2009). The longfin smelt is a relatively small (to 150 mm TL) fish that exhibits a two-year
life history (Leet et al. 2001; Moyle 2002; Rosenfield 2010). Though little is known regard-
ing spawning, it is thought longfin smelt may spawn over coarse gravel or sandy substrates
similar to other Osmerids (Moulton 1974; Martin and Swiderski 2001; Rosenfield 2010).
This species also inhabits various depths depending on the time of day and life history
stage, with adults inhabiting deeper areas close to the bottom during the day and becoming
more associated with surface waters at night (Chigbu et al. 1998). Newly hatched larvae (5
mm SL) are associated with the surface waters and can move vertically in the water column
once the swim bladder reaches inflation (Bennett et al. 2002; Hobbs et al. 2006).

Much of the existing demographic information on longfin smelt comes from ei-
ther San Francisco Bay, or from a landlocked population in Lake Washington, WA
(Moulton 1974; Stevens and Miller 1983; Chigbu and Sibley 1994; Baxter et al. 1999;
Bennett et al. 2002; Rosenfield and Baxter 2007; Merz et al. 2013) with limited informa-
tion collected in other areas throughout its range (Misitano 1977; McCabe et al. 1983;
Robards et al. 1999; Abookire and Piatt 2005; Harding et al. 2011). In California, little is
known regarding longfin smelt in areas outside of San Francisco Bay. Longfin smelt were
categorized as “common” in surveys of the Klamath River estuary spanning from 1979 to
1989 and Humboldt Bay in the late 1960’s (Eldridge and Bryan 1972; Sopher 1974; Kisa-
nuki et al. 1991). However, an extensive fish study conducted in Humboldt Bay from 2000
to 2001 sampled few longfin smelt, consistent with the declines seen in San Francisco Bay,
athough the study was not designed to replicate the earlier efforts (Gleason et al. 2007).

The purpose of this comprehensive data review was to gather, synthesize and
analyze all available contemporary and historic information on longfin smelt distribution
and habitat associations in areas of California outside of San Francisco Bay.
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MATERIALS AND METHODS

Longfin smelt catch data from published studies, technical reports, thesis and
museum collections were evaluated for validity and integrated into a spatial database (Ap-
pendix 1). The review included sampling efforts conducted within bays, estuaries, the
stream-estuary ecotone, lower reaches of freshwater streams, and nearshore waters of Cal-
ifornia, excluding catches within San Francisco Bay which had its longfin smelt range
described by Merz et al. (2013). Museums with longfin smelt records included the Califor-
nia Academy of Sciences (CAS), Humboldt State University (HSU), Harvard University
Museum of Comparative Zoology (MCZ), University of Kansas Biodiversity Institute and
Natural History Museum Ichthyology Collection (KU and KUIT), Los Angeles County
Natural History Museum (LACM), and Stanford University (SU). If available, the infor-
mation gathered included: location, date, depth, sex, length, method of collection, number
collected, and spawning condition. For convenience, observations were lumped into two
categories, historic (1999 or earlier) or current. Fish >20 mm were categorized as larvae,
juveniles between 20 and 88mm total length (TL), while fish >88 mm TL or >70 mm stan-
dard length (SL) were considered adults (Simonsen 1977; Emmett et al. 1991; Rosenfield
2010). Geographic locations were from stated latitude and longitude, specific written de-
scriptions including landmarks and depths, or maps. Locations that were not included, or
were too general (e.g. just “Humboldt Bay”), were not placed on the maps, though the
observations were reported in Appendix 1.

RESULTS

Longfin smelt observations were noted from 1889 to 2016, with a total of 189
capture locations documented (Appendix 1 and Figure 1). Geographically, longfin smelt
were reported from Moss Landing Harbor in central California, north to Lake Earl near the
northern California border (Figure 1), encompassing a total of 15 watersheds either with
historic or current observations (Figures 1-3). Longfin smelt were captured using a variety
of fish sampling gear, with the most common methods being trawls and seines, though
individuals were also captured using boat electrofishing and a variety of net types (Appen-
dix 1).

Longfin smelt were observed in a wide variety of habitats throughout its range in
coastal California. Populations of longfin smelt spanned much of the central and northern
California coastline with individuals collected in both small and large estuaries, over a
wide range of flow regimes, and a variety of habitat complexities. For instance, longfin
smelt were collected throughout Humboldt Bay, which has multiple small tributaries and
extensive slough and brackish areas, but were also collected in areas with minimal off-
channel estuarine habitats and waters dominated by freshwater flows (e.g. Russian River,
Mad River and Klamath River). The broad use of estuary types by this species highlights
the considerable plasticity in the life history and habitat use among Osmerids.

Most longfin smelt occurrences were from the Humboldt Bay or Eel River areas,
nearby in nearshore waters, or in lower reaches of tributaries to the Bay, likely reflecting
the higher sampling effort in this region (Appendix 1; Figure 2). In Humboldt Bay, longfin
smelt were noted in all of the major tributaries including Mad River Slough, Jacoby Creek,
Freshwater Slough (also known as Eureka Slough in its lower reaches), Elk River and
Salmon Creek (Appendix 1). These observations represent most of the contemporary cap-
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FiGure 1.—Locations for all longfin smelt (Spirinchus thaleichthys) observations identified in this study
from 1889 to 2016 (see Appendix 1 for a list of citations). Observations were from California, but did
not include captures from San Francisco Bay.
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tures of longfin smelt throughout the study area. Since 1999, 23 observations of longfin
smelt were documented in waters of Humboldt Bays, its tributaries or in nearshore waters
with observations ranging from 1-17 individuals per sampling event. Longfin smelt were
found year-round in the waters of Humboldt Bay and ranged in size from 4 to 150 mm
(Appendix 1).

Longfin smelt were observed in many areas throughout the Eel River estuary and
the mainstem portions of the coastal plain (Figure 2). The Eel River is the third largest
watershed in California, with an extensive tidally influenced estuary containing many
slough channels and brackish areas (Monroe et al. 1974). Most of the longfin smelt data
collected in the Eel River estuary came from two studies, Puckett (1977) and Cannata and
Hassler (1995). Both studies used beach seines to sample the lower estuary for approxi-
mately one year. Given the large size of the Eel River estuary, much of the estuary was not
sampled, though detections of longfin smelt appear to be relatively frequent in areas with
consistent sampling (Puckett 1977; Cannata and Hassler 1995). Longfin smelt utilized a
wide range of the lower river/estuary with individuals sampled 5.7 km from the mainstem
of the river in slough waters, and as far as 20 km upriver from the mouth in alluvial por-
tions well outside the brackish zone (Puckett 1977; Jensen 1957). Both Puckett (1977) and
Cannata and Hassler (1995) observed longfin smelt in samples taken in late fall through
early spring, though neither detected them in January. This is likely due to the difficulty
sampling during high flow events that are common on the Eel River during this month. All
longfin smelt observations from the Eel River occurred from late fall through early spring
with some observations during summer months (Appendix 1).

Dominated by freshwater flows, the Russian River is a large river system with an
estuary that closes periodically cutting off the river from the ocean. Closing and breaching
events generally occur from late summer through fall (Sonoma County Water Agency
2001). Trawl surveys were conducted from summer or early fall through mid-November
in the lower Russian River over four years (Merritt Smith Consulting 1998; 1999; 2000;
Sonoma County Water Agency 2001). Longfin smelt were detected near the mouth of the
river with detections occurring in late August through early November. Three individuals
were also collected in June. Longfin smelt were not detected in the upstream stations also
trawled during the study. In addition, while longfin smelt were captured in trawl surveys,
they were not detected in the corresponding shallow water beach seine collections in the
lower estuary (Merritt Smith Consulting 1998; 1999; 2000; Sonoma County Water Agen-
cy 2001). This indicates longfin smelt were utilizing the deeper, cooler, more saline waters
of the estuary. The timing of observations in the Russian River estuary indicates individu-
als were staging in the estuary prior to spawning, though it is unclear where spawning
might occur in the watershed.

Longfin smelt were also collected in two coastal lagoons, Abbotts Lagoon and
Lake Earl, using gill nets (McLeod 1989; Saiki and Martin 2001). Abbotts Lagoon and
Lake Earl, the largest lagoon on the West Coast of the United States, are frequently discon-
nected from the ocean by sand bars that commonly form during the summer months (Mon-
roe et al. 1975; Saiki and Martin 2001). These lagoons are dominated by brackish waters
for most of the year and also have limited connectivity to freshwater stream habitats. Sim-
ilar to these coastal lagoons, longfin smelt were also collected in rivers and streams with
mouths that close to the ocean for most or part of the year. These included the Gualala
River, Russian River, Estero Americano, and Pescadero Creek (Appendix 1).
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FiGure 2.—Locations for Longfin Smelt (Spirinchus thaleichthys) observations in Humboldt
Bay, its tributaries, in the Eel River and offshore waters from 1931 to 2016.
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While longfin smelt presence has been documented in nearshore waters, their use
of these areas is not well described. Observations compiled from areas outside of rivers and
estuaries in nearshore coastal waters generally occurred near watersheds having longfin
smelt, with frequent detections adjacent to Humboldt Bay, the Eel River, and San Fran-
cisco Bay (Figures 2 & 3). For example, observations in nearshore waters were generally
in depths less than 40 m ranging from the shoreline (collected in a beach seine) off of
Trinidad Head (HSU Fish Collection #3694), to depths of 55 m in waters offshore of
Drakes Bay (B. MacFarlane, National Oceanic and Atmospheric Administration, South-
west Fisheries Science Center, Fisheries Ecology Division, unpublished data). Most were
also collected within 10 km of the mainland, with some taken as far as 36 km offshore near
the Farallon Islands (CAS Fish Collection #34742). Reported lengths for longfin smelt col-
lected in coastal marine waters using bottom trawls consisted of late juvenile through adult
individuals, with sizes ranging from 84 to 145 mm TL. Observations in epipelagic waters
off the coast of San Francisco Bay found longfin smelt ranging from young-of-the-year
through adult individuals, measuring from 36 to 120 mm SL (B. MacFarlane, unpublished
data). Data provided here show longfin smelt utilize waters close to shore and in relatively
shallow depths year-round, from juveniles through adult stages, with most sampled as
adults from late summer through late fall (Appendix 1). Limited observations in other parts
of their range along the west coast show similar findings. Samples taken off the shores of
the Columbia River estuary noted longfin smelt in nearshore shallow waters, with benthic
samples taken in shallow waters ranging from 9.4 to 18.6 m deep (Hinton and Emmet
1994; Litz et al. 2014). Longfin smelt were also taken using trawls off of Tillamook Bay,
Oregon in nearshore shallow waters (Emmet and Hinton 1992). Observations compiled
here show longfin smelt were taken frequently with epi-benthic trawl gear (Appendix 1).
However, large observations of longfin smelt in the nearshore waters of California and
Washington were collected with both epi-pelagic and epi-benthic sampling methods (Hin-
ton and Emmet 1994; Harding et al. 2011; B. MacFarlane, unpublished data).

Spawning populations (i.e. individuals in spawning and post-spawning condition,
spawning aggregations, and the presence of early larval stages in freshwater habitats) were
also identified in the Eel River and tributaries to Humboldt Bay. In the Eel River, spawning
was noted in the Eel River Estuary by Puckett (1977), though the specific location was not
reported. Additionally, individuals in spawning condition (i.e. eggs extruded from females
with the addition of pressure and milt flowing from males) were collected 7.2 km upstream
of the mouth of the Eel River (Jensen 1957). In the Humboldt Bay region, early larvae were
observed in Freshwater Creek/Slough as well as in Humboldt Bay (Eldridge and Bryan
1972; Chamberlain 1988). Individuals in spawning condition (i.e. adult sized individuals in
areas thought to be used for spawning and with eggs or milt extruded with little pressure)
have also been observed in Freshwater Creek from December through February (C. Ander-
son, Sponsored Programs Foundation, Humboldt State University, personal communica-
tion; J. Ray, California Department of Fish and Wildlife, personal communication). Indi-
viduals in post-spawn condition (i.e. individuals with elongated pectoral and anal fins, in
areas thought to be used for spawning, but with concave abdomens and no eggs or milt
upon exerting pressure) were sampled in February in Salmon Creek (M. Wallace, Califor-
nia Department of Fish and Wildlife, personal communication) and in mid-March in Fresh-
water Creek (J. Garwood, California Department of Fish and Wildlife, personal communi-
cation). In addition, individuals with ripe gonads were noted in north Humboldt Bay in
November and December (Sopher 1974).
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FiGure 3.—Locations for Longfin Smelt (Spirinchus thaleichthys) collections from the Russian River to
Pillar Point, CA from 1889 to 2002. Collections from San Francisco Bay were not included in this study.
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Information regarding spawning behavior of longfin smelt was also noted in as-
sociation with salmonid migrant trapping in Freshwater Creek, a tributary to Humboldt
Bay. Among the data gathered, a single sex aggregation of longfin smelt was collected at
the Freshwater Creek weir in late December 2015 (J. Ray, personal communication). All
of the individuals (n=8) sampled on that occasion were pre-spawn males, indicating stag-
ing for spawning was segregated by sex. This corresponds with the findings from Moulton
(1974) who found male longfin smelt from a landlocked population in Lake Washington,
WA., arriving before females in tributary rivers. This is also similar to observations of
other Osmerids such as eulachon and rainbow smelt, with males arriving at spawning loca-
tions before females and staying at sites longer (Murawski et al. 1980; Moyle 2002).

Females were also documented at spawning grounds for protracted periods. One
fin clipped female longfin smelt was recaptured at the Freshwater Creek weir a minimum
of 25 days (maximum = 44 days) after initial capture in February 2016 (C. Anderson, per-
sonal communication). As the mark was not unique to an individual, the spawning condi-
tion at the first capture is unclear though she was noted to be in pre-spawn condition at the
time of recapture. This observed recapture interval was longer than reported for female
rainbow smelt in the Parker River estuary in Massachusetts, which recorded a maximum
period of recapture at spawning grounds to be 14 days (Murawski et al. 1980).

DiscussioN

This review provides a synthesis of the available data for longfin smelt along the
California coastline. However, these data likely underestimate the spatial and temporal
distributions and habitat utilization of this species. For example, no longfin smelt were
documented in the Smith River. While there are records of longfin smelt in harbor seal scat
sampled at the mouth of the Smith River (Gemmer 2002), it is unknown if the fish eaten
were from the Smith River, in the waters offshore, or an adjacent watershed. There are also
anecdotal records of longfin smelt presence in the Smith River (Fry 1973), though no direct
observations of the species in the river were located. In addition, despite the presence of
available habitat, no observations of longfin smelt were found in the multitude of streams
along the southern Humboldt County coast through southern Mendocino County (Figure
1). While some field observations from this area documented “smelt” or surf smelt, no
observations identifying longfin smelt were noted. In addition, in summer and fall longfin
smelt may orient toward deep riverine and estuarine channels where shore oriented sam-
pling for salmonids may miss them (Rosenfield and Baxter 2007).

Common among the watersheds longfin smelt were documented to occur, is the
significant degradation or loss of tidal wetland habitat and freshwater flows (Moyle et al.
2011; Katz et al. 2013). This degradation of habitat quantity and quality has likely contrib-
uted to population declines. To help recover longfin smelt, restoration of natural freshwater
flows and former wetlands are needed in areas such as Humboldt Bay and the Eel River
estuary, as these areas include both available habitat and extant populations of longfin
smelt. There have been a few recent examples of former tidelands, once diked and drained,
that have undergone restoration efforts and have subsequently observed longfin smelt use.
For example, the Salt River, a major tributary to the lower Eel River estuary, underwent a
large restoration project in the summer of 2013 with over 4 km of river channel excavated,
widened and deepened (Manning and O’Shea 2015). In the winter of 2014, adult longfin
smelt were detected over 4.5 km up-stream in the restored areas (M. Wallace, personal
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communication). Longfin smelt were also sampled in slough channels connected to Mc-
Nulty Slough in the lower portion of the Eel River that were restored to tidal access after a
levee breach (M. Wallace, unpublished data). In Salmon Creek, a tributary to Humboldt
Bay, longfin smelt were detected in January 2012 in areas that had received extensive res-
toration during the previous year (M. Wallace, unpublished data). In San Francisco Bay,
longfin smelt were also documented in salt ponds restored to tidal flow (Hobbs et al. 2012).
These restoration projects highlight that longfin smelt can rapidly utilize restored areas
once marine connectivity is re-established or enhanced.

This data review synthesizes a wide variety of information for longfin smelt along
the northern and central California coast. However, to enhance the management of this
species and guide habitat protection and restoration efforts, systematic studies are needed
throughout its range in California. While there are ongoing data collection efforts in San
Francisco Bay, there is currently little work being done on populations outside of that area.
In Humboldt Bay, most contemporary observations were taken incidental to ongoing salm-
on monitoring efforts by the California Department of Fish and Wildlife using beach seines
in the tributaries to the Bay, or at the salmon weir on Freshwater Creek. Of highest impor-
tance is a systematic effort designed specifically for longfin smelt to determine the current
presence of this species in watersheds along the California coast most likely to have longfin
smelt, especially those having no available data or unclear occupancy. This type of effort
could likely be accomplished with new methods such as environmental DNA (eDNA) cur-
rently being utilized to detect other listed cryptic aquatic species (Ficetola, et al. 2008;
Thomsen et al. 2012; Schmelzle and Kinziger 2016). This would provide a comprehensive
and contemporary view of longfin smelt presence to prioritize research and habitat restora-
tion needs for the species (Roni et al. 2002). Future investigations should also determine
spatial and temporal habitats and areas important to the species, especially in known wa-
tersheds with longfin smelt present such as Humboldt Bay and the Eel River estuary. For
example, specific spawning and rearing areas, as well as potential restoration opportunities,
should be determined within watersheds. In coastal marine areas, use by longfin smelt
should be investigated to ensure important late juvenile and early adult habitats are fully
understood and identified. In conclusion, while this review provides a comprehensive look
at the known data for this species along the coast of California, focused designed-based
studies are needed to determine all extant California populations and their associated limit-
ing factors for population recovery.
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