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Introduction

The Fall Midwater Trawl (FMWT) survey has been conducted by the California Department of Fish and Wildlife
(CDFW) since 1967. The survey was established to examine relative abundance and distribution of juvenile
(typically 6-14 cm FL) pelagic fish species in the San Francisco estuary, focusing initially on age-0 Striped Bass
(Stevens 1977). Striped Bass was the initial focus of the survey because it was considered an important sport fish
and there were concerns over the environmental changes in the estuary resulting from the development of federal
and state water projects and thus a need to develop operating criteria for the water projects that would minimize
damage to the bass populations (Stevens 1977). The sampling range for FMWT was spread throughout the Delta
downstream to San Pablo Bay because this was the known nursery area for young Striped Bass (Turner and
Chadwick 1972). Later, FMWT developed abundance and distribution information for other upper-estuary pelagic
fishes, including American Shad, Threadfin Shad, Delta Smelt, Longfin Smelt, and Splittail. FMWT is among the
oldest and most spatially broad sampling programs in the estuary, currently sampling 122 stations monthly from
September through December (Fig. 1). Trawl sampling ranges from western San Pablo Bay to Hood on the
Sacramento River, and from Sherman Lake to Stockton on the San Joaquin River. Since 2009, we also conduct
meso- and macro-zooplankton sampling at a subset of 32 stations to better understand the food web dynamics
of the local fish community. This additional sampling helps inform if reduced or altered prey abundance is a
contributing factor in fish population declines.

With the FMWT sampling annually for over 50 years, this dataset has provided a solid baseline of understanding of
relative abundance and distribution trends of fish in the San Francisco Estuary. FMWT is one of many long-running
surveys conducted in the San Francisco Estuary, each targeting different species, life stages, and time of year
(Tempel et al. 2021). Over 50 peer reviewed publications have used these data and it is frequently used by water
managers to determine water export volumes for the multi-billion dollar agricultural industry in the Central Valley
and municipal use for over 25 million residents throughout California. Long term studies like the FMWT are
important in describing how and why the environment is changing, understanding the regulation and functioning
of ecological communities, linking biological patterns to environmental variability, and informing of human
influences on ecosystems (McGowan 1990; Cody and Smallwood 1996; Ducklow et al. 2009; Clutton-Brock and
Sheldon 2010; Magurran et al. 2010; Nelson et al. 2011; Likens 2012; Lindenmayer et al. 2012; Hofmann et al.
2013; Hughes et al. 2017). For example, FMWT data has helped highlight a dramatic estuary-wide decline in fish
populations (Sommer et al. 2007; Baxter et al. 2010; Nally et al. 2010; Thomson et al. 2010) and resilience
abilities of fish communities to long term drought cycles in the estuary (Mahardja et al. 2021).

The objective for this report was to summarize the annual environmental variables and catch patterns that are not
reported in other annual memos. The goal of the 2020 field season was to sample all stations safely and
efficiently, counting all fish and invertebrates and measuring the fork lengths of the first 50 individuals of a single
fish species for each station. Various weather and water quality conditions were also recorded at each station.
The first survey began September 8, 2020 and the final survey was completed on December 15, 2020.
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Figure 1. Map of FMWT station locations, regional groupings, and station index designations.

Methods and Gear

The FMWT trawl net consists of a 12 x 12 ft mouth, 58 ft long, starting with 8 inch mesh near the mouth tapering
down multiple mesh sizes to 1/2 inch stretched mesh at the cod end. The net is retrieved obliquely through the
water column according to a tow schedule which varies with water depth. Metal planing doors fixed at each
corner of the mouth of the net help keep the mouth open during sampling. Further details on sampling methods
and gear can be found in the FMWT protocol document
(https://filelib.wildlife.ca.gov/Public/TownetFallMidwaterTrawl/FMWT%20Data/FMWT%20Protocol.pdf).

The typical unit for reporting catch used below is catch per unit effort (CPUE). For FMWT, we calculate CPUE as
total species catch divided by water volume of the trawl (as calculated from flowmeter values) in units of cubic
hectares (i.e. catch per cubic hectare; see
https://filelib.wildlife.ca.gov/Public/TownetFallMidwaterTrawl/FMWT%20Data/CPUE%20and%20Index%20Calcu
lation%20Instructions.doc).

The crew typically includes an Environmental Scientist (ES), a Fish and Wildlife Scientific Aid (Sci Aid), and a Mate.
The Mate is responsible for driving and maintaining the boat, while the ES and Sci Aid operate the winches, deploy
the net, and conduct all sample collection. The survey currently takes 10-12 days to sample all 122 stations every
month.
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2020 Field Season

Despite many challenges this year from wildfire smoke from surrounding areas and a Coronavirus Disease 2019
(COVID-19) global pandemic, sampling was nearly complete at 121 fish tows and 31 zooplankton tows (Clark-
Bumpus and Mysid nets) for each month of sampling in 2020 (Table 1). The exception was station 721 in Cache
Slough, which has become increasingly overgrown with dense aquatic vegetation the past few years. This
vegetation completely fouls our gear and makes effective sampling of this station impossible (Fig. 2). Besides
routine sampling, additional zooplankton and phytoplankton sampling was conducted at 11 stations biweekly in
September and October for the Suisun Marsh Salinity Control Gate study on behalf of the California Department
of Water Resources (Table 1). Overall, 2020 sampling contributed to the FMWT annual abundance indices,
USFWS Delta Smelt Recovery Index, and DWR Suisun Marsh Salinity Control Gate the DWR Suisun Marsh Salinity
Control Gate (SMSCG) special study with addition of phytoplankton samples collected at a subset of stations.

The 2020 field season was filled with unique challenges due to COVID restrictions and wildfire smoke. In
September, 3 field days were skipped due to harmful air quality levels resulting from large wildfires in the
surrounding areas (Figure 2). These delays were made up later by running two boats/crews simultaneously,
sampling different areas. Further delays were caused by diesel fuel shortages or faulty pumps at local marinas.
This required shortened or extra-long days to make detours to other marinas. COVID restrictions prevented staff
from carpooling which caused logistical challenges, a shortage of available work vehicles, and schedule changes
to accommodate boat moves between marinas.

Figure 2. Challenges during field sampling in 2020. Left: Approximately 200 pounds of invasive aquatic vegetation
fouling FMWT net at station 721 in Cache Slough. Right: Poor air quality canceled sampling on September 9, 2020.
Photo taken September 9, 2020 at 7:34 am on the Napa River near Vallejo, CA.

Table 1. Number of Fish, Clark-Bumpus (CB), Mysid, and Phytoplankton samples collected at each station during
the 2020 Fall Midwater Trawl Survey season conducted monthly September-December. All planned station
sampling were accomplished with the exception of station 721 due to aquatic vegetation preventing sampling.

Station  Region Index Delta Smelt Recovery Index Fishnet CBnet Mysidnet Salinity Control Gate  Phytoplankton

305 Far West  Index 4 0 0 0 0

2020 Summary for the Fall Midwater Trawl Survey page 4 of 30



Station  Region Index Delta Smelt Recovery Index Fishnet CBnet Mysidnet Salinity Control Gate  Phytoplankton
306 Far West  Index 4 0 0 0 0
307 Far West  Index 4 0 0 0 0
308 Far West  Index 4 0 0 0 0
309 Far West  Index 4 0 0 0 0
310 Far West  Index 4 0 0 0 0
311 Far West  Index 4 0 0 0 0
314 Far West  Index 4 0 0 0 0
315 Far West  Index 4 0 0 0 0
321 Far West  Index 4 0 0 0 0
322 Far West  Index 4 0 0 0 0
323 Far West  Index 4 0 0 0 0
325 Far West  Index 4 0 0 0 0
326 Far West  Index 4 0 0 0 0
327 Far West  Index 4 0 0 0 0
328 Far West  Index 4 0 0 0 0
329 Far West  Index 4 0 0 0 0
334 Far West  Index 4 0 0 0 0
335 Far West  Index 4 0 0 0 0
336 Far West  Index 4 0 0 0 0
337 Far West  Index 4 0 0 0 0
338 Far West  Index 4 0 0 0 0
339 Far West  Index 4 0 0 0 0
340 Far West  Index 4 0 0 0 0
341 Far West ~ Non-Index 4 0 0 0 0
401 Far West  Index 4 0 0 0 0
403 Far West  Index 4 0 0 0 0
404 Far West  Index 4 0 0 0 0
405 Far West  Index 4 4 4 0 0
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Station  Region Index Delta Smelt Recovery Index Fishnet CBnet Mysidnet Salinity Control Gate  Phytoplankton
406 Far West  Index 4 0 0 0 0
407 Far West  Index 4 0 0 0 0
408 Far West  Index 4 0 0 0 0
409 Far West  Index 4 0 0 0 0
410 Far West  Index Sept-Oct 4 0 0 0 0
411 Far West  Index 4 4 4 0 0
412 Far West  Index Sept-Oct 4 0 0 0 0
414 Far West  Index Sept-Oct 4 0 0 0 0
415 Far West  Index 4 0 0 0 0
416 Far West  Index Sept-Oct 4 4 4 2 0
417 Far West  Index 4 0 0 0 0
418 Far West  Index Sept-Oct 4 4 4 0 0
413 West Index 4 0 0 0 0
501 West Index Sept-Oct 4 4 4 0 0
502 West Index 4 0 0 0 0
503 West Index Sept-Oct 4 0 0 0 0
504 West Index 4 4 4 0 0
505 West Index Sept-Oct 4 0 0 0 0
507 West Index Sept-Oct 4 0 0 0 0
508 West Index 4 4 4 2 0
509 West Index Sept-Oct 4 0 0 0 0
510 West Index 4 0 0 0 0
511 West Index Sept-Oct 4 0 0 0 0
512 West Index 4 0 0 0 0
513 West Index Sept-Oct 4 4 4 2 0
515 West Index Sept-Oct 4 0 0 0 0
516 West Index 4 0 0 0 0
517 West Index Sept-Oct 4 0 0 0 0
518 West Index 4 0 0 0 0
519 West Index Sept-Oct 4 4 4 2 0
601 West Index 4 0 0 0 0
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Station  Region Index Delta Smelt Recovery Index Fishnet CBnet Mysidnet Salinity Control Gate  Phytoplankton
602 West Index Sept-Oct 4 4 4 2 0
603 West Index 4 0 0 0 0
604 West Index Sept-Oct 4 0 0 0 0
605 West Index 4 1 1 2 3
606 West Index Sept-Oct 4 4 4 2 3
608 West Index Sept-Oct 4 4 4 0 0
701 West Index Sept-Oct 4 0 0 0 0
703 West Index Sept-Oct 4 0 0 0 0
704 West Index 4 4 4 2 3
705 West Index Sept-Oct 4 0 0 0 0
802 West Index Sept-Oct 4 4 4 2 3
804 West Index Sept-Oct 4 4 4 0 0
806 West Index Sept-Oct 4 0 0 0 0
807 West Index 4 0 0 0 0
808 West Index Sept-Oct 4 0 0 0 0
706 North Index 4 4 4 2 3
707 North Index Sept-Oct 4 4 4 2 0
708 North Index 4 0 0 0 0
709 North Index Sept-Oct 4 0 0 0 0
710 North Index 4 0 0 0 0
711 North Index 4 6 6 0 0
712 North Non-Index 4 0 0 0 0
713 North Non-Index 4 0 0 0 0
715 North Non-Index 4 0 0 0 0
716 North Non-Index 4 4 4 0 0
717 North Non-Index 4 0 0 0 0
719 North Non-Index 4 4 4 0 0
72 North Non-Index 4 0 0 0 0
723 North Non-Index 4 4 4 0 0
721 North Non-Index 0 0 0 0 0
724 North Non-Index 4 0 0 0 0
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Station  Region Index Delta Smelt Recovery Index Fishnet CBnet Mysidnet Salinity Control Gate  Phytoplankton
73 North Non-Index 4 0 0 0 0
735 North Non-Index 4 0 0 0 0
736 North Non-Index 4 0 0 0 0
795 North Non-Index 4 4 4 0 0
796 North Non-Index 4 4 4 0 0
797 North Non-Index 4 4 4 0 0
809 South Index 4 4 3 0 0
810 South Index Sept-Oct 4 0 0 0 0
811 South Index 4 0 0 0 0
812 South Index Sept-Oct 4 4 4 0 0
813 South Index 4 0 0 0 0
814 South Index Sept-Oct 4 0 0 0 0
815 South Index 4 4 3 0 0
902 South Index 4 0 0 0 0
903 South Index Sept-Oct 4 0 0 0 0
904 South Index Sept-Oct 4 0 0 0 0
905 South Index 4 0 0 0 0
906 South Index Sept-Oct 4 4 4 0 0
908 South Index Sept-Oct 4 0 0 0 0
909 South Index 4 0 0 0 0
910 South Index 4 4 4 0 0
911 South Index 4 0 0 0 0
912 South Index 4 4 4 0 0
913 South Index 4 0 0 0 0
914 South Index 4 0 0 0 0
915 South Index 4 0 0 0 0
919 South Non-Index 4 4 4 0 0
920 South Non-Index 4 0 0 0 0
921 South Non-Index 4 0 0 0 0
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Station  Region Index Delta Smelt Recovery Index Fishnet CBnet Mysidnet Salinity Control Gate  Phytoplankton

922 South Non-Index 4 0 0 0 0
923 South Non-Index 4 0 0 0 0
Total 484 127 125 22 15

Abiotic variables

Water clarity

Secchi disk depth (cm) varied considerably across the estuary (Fig. 3). Generally, water was least clear
throughout Carquinez Strait (stations in the 400s), Suisun Bay (Stations in the 500-600 range), and the upper
portion of the Sacramento River Deep Water Shipping Channel (stations 795-797; DWSC). In September, a
southern DWSC station saw an unusually high secchi value of almost 500 centimeters. Water was relatively clear
(200-300 cm secchi depth) throughout the southern and eastern stations (stations in the 900s) for the entirety of
the survey. Previous studies have documented a negative correlation between fish catch and high Secchi values
(MacNally et al. 2010), which varies between species. For example, larval Longfin Smelt are more likely to be
caught in the secchi depth range of 0-80 cm (Grimaldo et al. 2017) and adult Longfin Smelt catch is greatest at
depths less than 50 cm (Lewis et al. 2019). Latour (2016) found CPUE decreased 75% once secchi depth reach
35, 50, 53, and 112 cm for Delta Smelt, Longfin Smelt, Age-0 Striped Bass, and Threadfin Shad, respectively.
Therefore, in the heatmap of secchi values below (Fig. 3), stations with dark purple boxes (<100 cm secchi depth)
represent stations with the highest likelihood of fish occurrence, which quickly decreases as the color scale
transitions to blues, greens, and yellow.

Turbidity (NTU) is a similar but more precise metric of measuring water clarity compared to secchi depth. Higher
turbidity values indicate more opaque water. The heatmap of turbidity values during the 2020 FMWT survey (Fig.
4) show a similar pattern as the secchi values. The northern part of the DWSC, northern Suisun Bay/Montezuma
Slough, and Carquinez Strait showed the most turbidity while the rest of the estuary was relatively clear.
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Figure 3. Heatmap of monthly secchi disk values (cm) recorded during the 2020 FMWT season. Dark purple values
represent the most suitable conditions for many fish species with preference for turbidity.

2020 Summary for the Fall Midwater Trawl Survey

page 10 of 30



>
=
o
e}
(=
=]
T

(NTU)

120

90
60
30

October November December

September

Survey

page 11 of 30

OGO FL—CIIHOM-ONTHOM-0ON O CITHHON-COPD O CITFUHO N LY O 00 O+ IO 0TI Y HO O —CFFUNOTHOM 00O M- 00 GO v CNCUHO DI T OIUHOUHOM- DO NN OO TNV 0N O MU0 N
OO0 T T OIOICICICICICICICY M O T OO0 000000 T T =TT 77— OO0 0CO00 T T T OO0 00000000000 0000000 ™ T T T T T T T LI [N e [ple)ie)le) ) OOO00000 uatalall
COICICICICDCIOINICNICICNICICNDICICICCICY =<t =< <= =<t = = OO O OOOOO MNP P0000000000 M P=P=PPPPP=P=PP=P PP PPP0000000000 OO MM

uonels

Figure 4. Heatmap of surface water turbidity (NTU) recorded during the 2020 FMWT season. Grey values indicate

missing data. The northern part of the DWSC, western and northern Suisun Bay were the most turbid regions.
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Temperature

Many estuary species have habitat preferences that include a range of suitable water temperatures (Baker et al.
1995; Swanson et al. 2000; Moyle et al. 2004; Bennett 2005). Past research has linked long term seasonal Delta
Smelt occurrence with changes in abiotic habitat metrics such as temperature (Feyrer et al. 2007; Nobriga et al.
2008; Feyrer et al. 2011). Other research has shown adult Longfin Smelt prefer temperatures under 17.8 °C
(Hobbs and Moyle 2015), larval Longfin Smelt are most abundant in the 8-12 °C range (Grimaldo et al. 2017) and
adults are most abundant in water 12-16 °C (Lewis et al. 2019). Also, Longfin Smelt tend to spawn when
temperatures are between 7-14.5 °C (Moyle 2002) and Delta Smelt are likely to stop spawning once temperatures
are greater than 20 °C (Swanson et al. 2000).

Besides preferences, there are physiological thermal limitations that have been documented for some species.
For instance, Jeffries et al. (2016) found Longfin Smelt show a cellular stress response once water temperature is
greater or equal to 20 °C and Bennett (2005) showed Delta Smelt experience mortality at temperatures above 25
°C.

The heatmap of surface water temperature (Fig. 5) shows temperatures throughout most of the estuary remained
very high, possibly at the upper range of thermal tolerance for many fish species throughout September and
October. By November, temperatures had cooled a bit, but remained relatively high in most regions except the
upper San Joaquin and upper Sacramento Rivers, and the DWSC. By December, the water cooled to preferential
levels estuary wide.
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Figure 5. Heatmap of monthly surface water temperature (°C) recorded during the 2020 FMWT season. Grey
values indicate missing data. Temperature values at 20 °C or greater induce cellular stress in Longfin Smelt and
values above 25 °C induce Delta Smelt mortality, therefore stations in the purple and blue ranges are most
suitable. Stations in the green to yellow range are potentially unsuitable for many species.

Temperature and Water Clarity

Leveraging the 50+ year FMWT dataset, | created a series of regional maps showing Longfin Smelt habitat
suitability from combined Secchi and temperature values for 2020 (Fig. 6). This map displays the average monthly
temperature and secchi values in the regions FMWT samples and plots these values on a combined color scale.
The breaks in this scale were first determined by plotting a cumulative frequency distribution of Longfin Smelt
catch over the entire history of the survey compared to temperature and secchi separately (Fig. 7). Then taking the
corresponding temperature and secchi values for each of the catch quantiles. These maps show the estuary was
largely unsuitable for Longfin Smelt (and likely other species) in September through October. In November,
Suisun Bay, Napa River, and the DWSC were in the highest tier of combined temperature and secchi values. By
December, Napa River, the greater Suisun region and the DWSC were all more suitable (Fig. 6).
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Figure 6. Map showing Longfin Smelt habitat suitability across each month of FMWT sampling in 2020 according
to historical catch. White regions indicate values were out of suitable range. The habitat suitability was limited
throughout the estuary until November, when Suisun Bay, Napa River, and the DWSC reaches the high end of
suitability. By December, the central regions and the DWSC were more suitable.
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Figure 7. Cumulative frequency distributions of FMWT Longfin Smelt catch from 1967-2020 with abiotic variables.
Left: Associated secchi depth (cm) with catch and quartile values. Right: Associated surface water temperature
(C) with catch and quartile values.

Salinity

In the San Francisco upper estuary, the low-salinity zone (LSZ, salinity 0.5-6 ppt) is recognized as an important
nursery habitat for young fishes, partially due to the relatively high abundances of their zooplanktonic prey
(Kimmerer 2002 a; Kimmerer 2002 b; Bennett 2005) and correlation with water clarity (Kimmerer et al. 1998;
Schoellhamer 2000). A few species in the estuary have been documented to modify migration behavior to stay in
this preferred salinity zone under different hydrodynamic conditions (Bennett et al. 2002; Kimmerer 2002 a;
Kimmerer 2002 b). Temporal variability in freshwater outflow regulates the position of the LSZ (Jassby et al. 1995;
Hobbs et al. 2006) which can occur as far west as the Carquinez Strait under high outflow or as far east as the
lower Sacramento River and Delta under low outflow conditions (Hobbs et al. 2006). The heatmap of salinity
values observed during the 2020 FMWT showed this LSZ remained inland, at the confluence of the Sacramento
and San Joaquin rivers and eastward (Fig. 8). Carquinez Strait and Suisun Bay had moderate salinity levels which
increased slightly towards the end of the year. This corresponds well with the low outflow observed during this
period of a “Below Average” water year as classified by the Department of Water Resources.
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Figure 8. Heatmap of monthly surface water salinity (ppt) recorded during the 2020 FMWT season. Grey values
indicate missing data. The low salinity zone (1-6 ppt, dark purple stations) stayed inland upstream of the
confluence.
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Microcystis

The colonial cyanobacteria Microcystis aeruginosa was first discovered in the San Francisco Bay estuary in the
early 2000s (Lehman et al. 2005). Microcystis in high abundance has toxic effects in the local food web,
accumulating in dominant zooplankton species (Ger et al. 2010) and bioaccumulating up the trophic levels to
predatory fish (Lehman et al. 2010). Microcystis becomes seasonally abundant during periods of low water flow
and high water temperature (Lehman et al. 2008). FMWT assigns a qualitative rank of 1-5 based on visual
inspection for flakes (Fig. 9; Morris and Civiello 2013). During the 2020 FMWT survey, Microcystis was found to be
in high abundance at stations throughout the southern and eastern Delta and moderate in parts of Carquinez
Strait, Suisun Bay, Montezuma Slough, and the lower Sacramento River in September and October (Fig. 10). By
November, a handful of stations in the southern Delta still had moderate Microcystis levels. In December, the
estuary was cool enough where Microcystis was not detected anywhere.

(1) Absent

(2) Low-widely scattered colonies

(3) Medium-adjacent colonies

{4) High-contiguous colonies

{(5) Very High-concentration of contiguous colonies forming mats/scum

Figure 9. Qualitative rankings used to assess Microcystis aeruginosa blooms on the water surface.
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Figure 10. Heatmap of Microcystis spp. rankings recorded during the 2020 FMWT season. Grey values indicate

missing data. Scale is a qualitative assessment of Microcystis density.
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Fish & Invertebrate Catch
Fish

The FMWT survey records all species of fish and invertebrates caught in the trawl net having recorded over 100
different species to date. Since the onset of the Pelagic Organism Decline (Sommer et al. 2007) in the early
2000s, catch has been concentrated in a few regions of the estuary by a few abundant species. During 2020,
Northern Anchovy catch in San Pablo Bay made up most of our catch (Fig. 12). Threadfin Shad was the second
must abundant species, mostly caught in the DWSC (Stations 795 & 796), which have only been sampled since
2009. With more years of sampling, this region will soon overtake San Pablo Bay to become the most abundant
region. Other relatively abundant species include American Shad and age-0 Striped Bass (Table 2). Other species
were caught but comprised less than 1% of the total catch for the year. Lumping the fish species by those used
for index calculations, again one can see Threadfin Shad catch in November in the northern region of the estuary
(namely the DWSC) comprised most of index species catch (Fig. 11). Here, the contributions of Northern Anchovy
are suppressed because it is lumped in with other non-index species with low or zero catch.

The relative abundance and spatial distribution of the species caught is likely related to their life histories. For
example, Northern Anchovy are marine opportunists that can occur in brackish waters (Moyle 2002), so with 2020
being dry with low outflow, the salinity field was distributed well into San Pablo Bay. Likewise, Threadfin Shad are
freshwater opportunists (Moyle 2002) and were more abundant in the freshwater regions such as the DWSC.
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Figure 11. Regional fish catch for the 2020 FMWT survey organized by species used for index calculations. Lines
represent monthly average catch per unit effort (CPUE) values and error bars represent +/- standard error.
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Table 2. Total monthly fish catch during the 2020 FWMT season.

Species September October November December Total Total percent
Northern Anchovy 607 3,096 5,730 29 9,462 76.7
Threadfin Shad 267 280 1,041 103 1,691 13.7
American Shad 247 116 316 324 1,003 8.1
Striped Bass age-0 11 4 14 20 49 0.4
Striped Bass age-1 7 11 3 6 27 0.2
Topsmelt 4 1 4 10 19 0.2
Wakasagi 4 4 4 0 12 0.1
Longfin Smelt 0 0 7 4 11 0.1
Pacific Herring 2 1 6 1 10 0.1
White Catfish 0 3 5 2 10 0.1
Striped Bass age-2 6 2 0 0 8 0.1
Bat Ray 4 2 0 0 6 0.0
Shiner Perch 0 0 4 2 6 0.0
California Halibut 2 0 1 1 4 0.0
Jacksmelt 2 0 0 0 2 0.0
Bay Goby 1 0 0 0 1 0.0
Bluegill 0 1 0 0 1 0.0
Diamond Turbot 0 1 0 0 1 0.0
Goby (unid) 1 0 0 0 1 0.0
Golden Shiner 0 0 0 1 1 0.0
Hitch 0 1 0 0 1 0.0
Pacific Staghorn Sculpin 1 0 0 0 1 0.0
Redear Sunfish 0 0 1 0 1 0.0
Striped Bass age-3+ 0 0 1 0 1 0.0
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Invertebrates

Similarly, the invertebrate catch was dominated by catch of the Siberian prawn (Exopalaemon modestus)
followed by Maeotias jellies which were mostly caught in the DWSC and together comprised 96% of total catch
(Table 3, Fig. 13). Otherwise, Crangon shrimp were the third most abundant species caught. Other species
comprised less than 1% of the total catch.

Again, life histories of the invertebrates caught likely explain their spatial distribution within the estuary. The
Siberian prawn historically has been found estuary-wide, but tends to be found in lower salinity habitat than other
shrimps (Brown and Hieb 2014). Crangon shrimp generally are associated with brackish water but can tolerate
freshwater (Hatfield 1985). Maeotias jellies are considered a brackish species but can tolerate a wide range of
temperature and salinity conditions. Increased Maeotias abundance, later bloom termination, and increased
duration of medusae bloom are associated with conditions of low to moderate salinity (<1-10 ppt) and higher
temperatures (219°C; Schroeter 2008) which may explain their high abundance in the DWSC in September.

Table 3. Total monthly invertebrate catch during the 2020 FWMT season.

Species September October November December Total Total percent
Exopalaemon modestus 2,399 2,000 4,404 276 9,079 77.6
Maeotias spp. 2,029 76 46 1 2,152 18.4
Crangon spp. 284 2 1 1 288 2.5
Comb Jelly 0 0 4 96 100 0.9
Polyorchis spp. 0 0 7 61 68 0.6
Shrimp (unid) 2 7 0 1 10 0.1
Jellyfish 0 0 1 0 1 0.0
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Figure 12. Heatmap of raw total fish catch by station recorded during the 2020 FMWT season. Grey values
indicate missing data. San Pablo Bay and the northern part of the DWSC had the highest fish catch.
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Figure 13. Heatmap of raw total invertebrate catch by station recorded during the 2020 FMWT season. Grey
values indicate missing data. The northern part of the DWSC had the highest invertebrate catch.
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