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Introduction

The annual abundance of San Francisco Estuary
White Sturgeon less than 102 centimeters total length
(cm TL) has not previously been estimated or indexed,
because most research focus has been on harvestable
fish and for many decades fishing has been prohibited
on fish less than 102 centimeters total length. There is
now emphasis on making those abundance estimates,
because those are needed to simplify forecasts about
reasonable expectations for the fishery (e.g., catch per
unit effort; acceptable levels of harvest) and to allow a
relatively simple assessment of Age-0 White Sturgeon
abundance index accuracy. Although the abundance of
White Sturgeon > 169 cm TL — a demographic that has
been protected by fishing regulations in full or part
since the early 1990s — has been estimated using mark-
recapture methods, precision of the estimates has been
poor due to a paucity of marked fish and recaptured fish.
To begin addressing these shortcomings, here we provide
some abundance estimates for White Sturgeon 85-116 cm
TL and > 169 cm TL, and describe how we made those
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estimates using (1) estimated abundance of a third White
Sturgeon demographic, (2) White Sturgeon lengths from
catch in experimental trammel nets during the California
Department of Fish and Wildlife (CDFW) White Sturgeon
population study, and (3) White Sturgeon relative
retention curves for those trammel nets.

Methods and Results

The primary challenge here is use of catch length
frequency distributions from experimental trammel nets
as proxies for population length frequency distributions.
The issues are selectivity (i.e., one trammel catches fish
better than another) and size-dependent availability of
fish (i.e., given migratory and other behaviors, are lengths
from the catch representative of the population). To
begin addressing that challenge, we developed modeled
length frequency distributions but we accounted only for
selectivity.

The CDFW White Sturgeon population study
deployed trammel net gangs composed of panels made
from 8” stretched-mesh prior to 1990, but thereafter —
laying the groundwork for an investigation into selectivity
— the study deployed experimental trammel net gangs
composed of panels made from 6, 77, and 8” stretched-
mesh. Since 1990, the experimental trammel nets have
been deployed weekdays in Suisun Bay and San Pablo
Bay during either September-October (1990-1991, 1993-
1994, 1997-1998, 2005) or August-October (2001-2002,
2006-2014). Length at recruitment to the experimental
trammel nets increased with mesh size (Figure 1), which
means information on differences in retention rates of the
three mesh sizes would help with interpretation and use of
the catch length frequency distributions.

We used R statistical and graphics software (R Core
Team 2014, R version 3.1.1 2014-07-10) for the creation
and assessment of relative retention curves (Figure 2)
from CDFW White Sturgeon population study catch
during 1990-1991, 1993-1994, 1997-1998, 2001-2002,
2005-2013. Models available to us were (1) “norm.loc,”
which is a normal curve where mean changes with the
gear and standard deviation is constant for all gears, (2)
“normal.sca,” which is a normal curve where mean and
standard deviation change with gear, (3) “lognorm,”
which is a lognormal curve, (4) “binorm.sca,” which is the
sum of two normals, and (5) “bilognormal,” which is the
sum of two lognormals.
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We used only 2007-2012 length frequency
distributions, because that is the longest uninterrupted
time series and the findings speak directly to present
harvest-management issues. To model 2007-2012
length frequency distributions that should more-closely
approximate the population length frequency distributions,
we used (1) the best-fitted (i.e., smallest model deviance)
and most-plausible of the relative retention curves (Bi-
Lognormal), and (2) 2007-2012 annual catch by the
CDFW White Sturgeon population study.

As expected from relative retention curve shapes, the
modeled length frequency distributions include a greater
fraction of small fish than the corresponding catch length
frequency distributions (Figure 3). Though not shown here,
the modeled length frequency distributions also include
many implausibly large variations below about 85 cm TL.

We estimated annual abundance of fish 85-116 cm
TL and > 169 cm TL (Figure 4) by using (1) estimates of
117-168 cm TL White Sturgeon abundance (as in DuBois
and Gingras 2011) from reported harvest and estimated
harvest rate (CDFW’s “conventional algorithm™) (Gingras
and DuBois 2014) and (2) the modeled length frequency
distributions. We constrained the abundance estimates to
a minimum of 85 cm TL, because we believe variations
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Figure 1 Density plot of White Sturgeon length (centimeters
total length [cm TL]) by trammel net mesh size (6", 7", and
8"). Data from 1990-1991, 1993-1994, 1997-1998, 2001-2002,
and 2005-2013. The solid vertical line is mean cm TL. The
dashed vertical line is median cm TL.
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in catch of fish less than 85 cm TL do not reliably reflect
variations in abundance of that demographic.

Estimating annual abundance of fish 85-116 cm TL and
of fish > 169 cm TL is a multi-step process (Box 1). Catch
per length is adjusted using relative retention values from
the curve. Adjusted catch is then used to complete the
final estimates. The abundance and variance calculations
for 117-168 cm TL fish are not shown here, but use data
from harvest (as reported on Sturgeon Fishing Report
Cards) and harvest rate (as estimated from mark-recapture
data). Because the algorithm used to estimate harvest rate
is pretty-clearly biased low (Gingras and DuBois 2014),
the abundance estimates presented here are all likely
biased somewhat high.

Click to View Box 1

Click to view Box 1 Stepwise process for estimating annual
abundance of White Sturgeon 85-116 cm TL and =2 169 cm
TL.
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Figure 2 Relative retention curves for White Sturgeon in
each trammel net mesh size (6", 7", and 8") for each of
the five models over length range of 40-300 centimeters
total length (cm TL). Model deviance (dev) and degrees of
freedom (dof) displayed in the upper-right corner of each
panel.
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Discussion

When modeling length frequencies, we did not
consider size-dependent availability of fish to the nets
because — while recreational and research catch shows
that fish in both demographics are ubiquitous in the study
area — there are no quantitative distributions or behavior
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Figure 3 Frequency distributions of White Sturgeon lengths
(centimeters total length [cm TL]; 2 85) for 2007-2013. Red
bars represent catch. Black bars represent modeled (bi-log-
normal) catch.
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Figure 4 White Sturgeon abundance estimates with 95%
confidence intervals for 2007-2012 by size category (85-116
cm TL, 117-168 cm TL, and 2 169 cm TL).
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data to work with. Thus, these should be considered
estimates of regional abundance that may index and
approximate system-wide abundance.

As expected from indices of Age-0 White Sturgeon
abundance (California Department of Fish and Wildlife
2014) and presumed growth rates, the trends in estimated
2007-2012 annual abundance of fish 85-116 cm TL reflect
growth and protracted recruitment of the modest 2006
cohort to the experimental trammel nets and recruitment
of scarcely detectable cohorts for several years prior to
2006. The 2006 cohort is recruiting to legally harvestable
size such that catch rate in the fishery has likely begun to
increase modestly, but will likely decline rapidly unless
harvest is reduced and/or anglers become more efficient.

The estimated 2007-2012 annual abundance of White
Sturgeon > 169 cm TL is relatively low and constant,
which is expected from the facts that (1) the White
Sturgeon fishery has long been popular and is recently
highly effective (Gingras and DuBois 2014), (2) these fish
are typically from cohorts prior to 1993, (3) a maximum
size limit on harvest was first implemented in 1990,
and (4) 1984-1994 indices of Age-0 White Sturgeon
abundance were negligible. It is particularly important
to reliably estimate the abundance of this demographic,
because it includes the preponderance of spawning
females and — being protected from legal harvest — it
is the “insurance policy” (e.g., against drought) for this
population. In an effort to improve the rigor of abundance
estimates for this demographic, we plan to work with
statisticians in an attempt to incorporate adjustments for
its migratory behavior.
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Did you know that quarterly highlights about
current [EP science can be found on the IEP
webpage along with a new calendar that displays
IEP Project Work Team and other IEP-related
public meetings? To view these features see the
links below:

http://www.water.ca.gov/iep/activities/calendar.
cfm
http://www.water.ca.gov/iep/highlights/index.cfm

The IEP Newsletter is a quarterly publication that
provides IEP program and science highlights as well
as in-depth articles on important scientific topics for
resource managers, scientists, and the public. The
spring issue of the IEP Newsletter provides an annual
overview of important results from all I[EP monitoring
programs and associated studies. Articles in the IEP
newsletter are intended for rapid communication

and do not undergo external peer review; all primary
research results should be interpreted with caution.

If you would like to be notified about new issues of
the quarterly IEP newsletter, please send an e-mail to
Shaun Philippart (DWR), shaun.philippart@water.
ca.gov, with the following information:

¢ Name
* Agency
¢ E-mail address

Article Submission Deadlines

for Calendar Year 2016
Issue Article Submission Deadline
Issue 1 (Winter) January 15, 2016
Issue 2 (Spring) April 15,2016
Issue 3 (Summer) July 15,2016
Issue 4 (Fall) October 15, 2016

Submit articles to Shaun Philippart.
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Table 2 Statistical summary of Yolo Bypass and Sacramento River at Sherwood Harbor water
temperature, conductivity, and secchi depth.

Water Temperature °C

Month Avg. Min. Max. Std. Dev.
Sac Yolo Sac Yolo Sac Yolo Sac Yolo
Oct 16.50 12.45 14.27 9.26 18.58 16.23 0.80 1.58
Nov 12.49 7.08 10.32 4.61 14.58 12.10 1.18 1.58
Dec 8.14 22.31 5.80 19.89 11.64 25.79 1.40 1.12
Jan 9.34 9.18 8.25 747 11.95 12.32 0.80 1.07
Feb 12.14 12.95 9.53 9.56 14.46 15.41 1.50 1.78
Mar 14.79 15.86 12.46 13.74 17.63 18.32 1.28 1.10
Apr 17.97 18.78 11.90 12.99 21.56 21.84 2.78 2.30
May 21.51 21.73 19.65 18.68 2410 26.77 1.08 1.57
Jun 23.01 23.46 21.06 20.53 25.94 27.26 1.05 1.24
Jul 23.93 24.46 22.37 21.89 25.11 28.79 0.56 1.09
Aug 23.16 23.56 21.80 21.39 25.36 29.27 0.66 1.18
Sept 22.30 16.94 20.10 14.58 23.91 21.44 0.83 1.04
Conductivity uS/cm

Oct 116 371 105 260 125 659 10 131
Nov 124 255 124 235 124 288 13
Dec 129 41 123 299 134 543 8 85

Jan 130 617 18 544 141 720 12 58
Feb 169 672 147 559 191 765 31 54
Mar 162 732 150 620 174 831 17 76
Apr 142 714 140 499 143 819 2 85
May 138 650 135 351 140 880 4 170
Jun 132 346 123 313 141 420 13 24

Jul 126 269 116 242 135 312 13 38
Aug 147 238 142 238 151 238 5
Sept 168 618 152 104 183 975 22 294

Turbidity NTU (Secchi Depth m.)

Oct 3.3(1.53) 56.8(0.20) 2.2(1.25) 34.7(0.16) 3.9(1.70) 78.8(0.28) 1.0(0.25) 10.7 (0.03)
Nov 3.1(1.41) 69.4(0.19) 3.2(1.41) 49.0(0.16) 3.2(1.41) 98.2(0.23) 13.5(0.02)
Dec 51(1.70) 28.6(0.33) 4.3(1.70) 10.3(0.00) 5.8(1.70) 54.1(0.73) 1.1(0.00) 14.3(0.17)
Jan 50(1.37) 416(0.28) 4.6(1.20) 29.4(0.22) 54(1.52) 858(0.40) 0.4(0.16) 13.3(0.05)
Feb 31.4(0.44) 757(0.21) 14.1(0.36) 30.5(0.11) 48.6(0.52) 98.7(0.31) 24.4(0.11) 49.5(0.06)
Mar  24.2(0.45) 57.0(0.22) 9.6(0.29) 29.5(0.18) 38.8(0.60) 82.4(0.40) 20.6(0.22) 15.4(0.06)
Apr 11.8(0.73) 43.8(0.25) 6.4(0.48) 30.3(0.15) 17.1(0.98) 90.4(0.34) 7.6(0.35) 13.6(0.04)
May 55(1.02) 753(0.18) 4.1(0.73) 29.1(0.10) 6.8(1.30) 167.7(0.28) 1.9(0.40) 38.6(0.05)
Jun 6.9(0.90) 110.0(0.14) 5.6(0.80) 87.8(0.10) 8.2(1.00) 152.0(0.17) 1.8(0.14) 16.2(0.02)
Jul 47(1.30) 99.1(0.13) 39(0.98) 874(0.12) 55(1.62) 112.0(0.14) 1.2(0.45) 12.3(0.01)
Aug 52(1.39) 615(0.13) 3.7(1.00) 61.5(0.13) 6.4(1.80) 615(0.13) 1.4(0.40)

Sept 41(155) 51.4(023) 3.7(140) 30.2(0.13) 4.4(1.70) 87.3(0.36) 0.5(0.21) 14.7(0.06)
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Species 1999 2001 2002 2003 2004 2005 2006 2007 2008 2010 2011 2014 Total % of Total
Location] STTD _SHR_STTD _SHR| STTD SHRJSTTD SHRJSTTD SHRJSTTD SHRJSTTD SHR]STTD SHRJSTTD SHRJSTTD SHR STTD_SHRJ STTD SHR STTD _SHRJSTTD SHR| STTD SHR
Native
Prickly Sculpin| 78 1 69 4 21 5 16 3 79 15 | 138 26 | 172 110 3 29 4 182 6 132 23 | 1723 149 | 20.01 8.65
Sacramento Splittaill 1 2 5 1 3 8 2 79 1 134 15 1.56 0.87
Sacramento Sucker|] 11 2 3 21 16 1 50 4 0.58 0.23
Delta Smel 7 1 9 1 0.10 0.06
Hardhead| 7 7 0.08
Sacramento Blackfish 1 6 6 1 0.07 0.06
Longfin Smell 1 1 0.01
White Sturgeon| 1 1 0.01
Chinook Salmon| 3 3 0.17
Pacific Lampre) 1 1 0.06
Sacramento Pikeminnow] 1 0.06
Non-Native
Threadfin Shad| 113 1 5 160 8 511 1 45 1 453 3 1075 10 40 41 152 3708 14 43.06 0.81
Carp| 119 8 4 60 1 859 11 2 1 5 2 9 7 1064 45 12.35 2.61
Striped Bas: 6 31 200 665 6 5 | 130 10 65 59 25 | 200 91 17 61 2 39 | 752 1435] 873 83.28
American Shad| 23 24 2 2 5 2 10 360 6 4.18 0.35
Inland Silverside] 74 3 6 25 1 26 5 1 5 12 7 244 6 2.83 0.35
Logperch| 21 1 5 1 1 2 5 1 11 31 1 2 98 4 114 0.23
Shimofuri Goby] 2 1 1 14 0.16
Wakasagi] 5 6 0.07
Bluegilll 3 3 0.03
Redear Sunfish| 2 0.02
Black Crappie] 1 1 1 1 0.01 0.06
Fathead Minnoy 3 1 1 4 0.01 0.23
Golden Shine 2 1 1 1 3 0.01 0.17
Mosquito Fish| 1 1 0.01
Yellowfin Gob; 1 1 0.01
Unid Tridentiger] 4 1 90 99 251 2.91
Unid Minno 15 2 1 94 1 1 1 2 120 2 139 0.12
Unid Sunfish] 1 1 1 1 6 9 14 24 16 0.28 0.93
Unid Crappieg] 3 3 6 1 4 16 3 0.19 0.17
Unid non-Micropterus Sunfish| 10 1 1 11 1 0.13 0.06
Unid Fish| 1 1 3 8 0.03 0.46
Total 433 18 126 5 423 682 704 72 | 356 36 ] 1509 125 1326 203 | 72 25 | 413 103 78 21 ] 334 77 408 62 | 8612 1723
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Table 1 Ten most abundant species collected by the benthic monitoring component
of the EMP in 2014, as determined by total number of individuals collected.

Species Organism Native/ Stations at  Month(s) in Total
type introduced  which the which the number of
status species was species was individuals**
found* abundant
Potamocorbula  Asian clam Introduced D7, D6, D4, April through 58,560
amurensis D41A, D41, C9 December
Manayunkia Sabellidae Introduced P8, D28A, C9, Abundant all 27,456
speciosa polychaete D24, D4 year, peak Jan-
worm May
Varichaetadrilus ~ Tubificidae Introduced D4, C9, D28A, Abundant all 15,886
angustipenis worm P8, D24, D16, year
D7
Americorophium ~ Amphipod Native D4, C9,D28A,  January-July 13,697
spinicorne P8, D16, D24
Cyprideis sp. A Ostracod Unknown D28A, P8, C9, January-July 13,418
D4, D7
Corophium Amphipod Introduced D7, D6,D4, Abundant all 12,606
alienense D41A, D41, year
D24, D16
Limnodrilus Tubificidae Unknown; D4, C9, P8, Abundant all 12,291
hoffmeisteri worm cosmopolitan ~ D28A, D24, year
D16, D7
Gammarus Amphipod Introduced D28A, D4, C9, January-July 12,126
daiberi P8, D24, D16
Corbicula Asian clam Introduced D24, D28A, Abundant all 7,547
fluminea D16, P8, D4, year
C9
Ampelisca Amphipod Introduced D41A, D41, May-October 5,830
abdita D6, D7

*For each species, stations are listed in order from highest to lowest total annual abundance.
**Total number of individuals was the sum of individuals at all sites at all months in 2014.
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. catchpm
Adjusted Catchycq = X relretiy Step 1
i __adjusted catchicqr]
Prop Adjusted Catchicqy) = > adjusted cateh Step 2
. __ Prop Adjusted Catchsyp or ovr
Ratlosub orovr — Prop Adjusted Catchieg Step 3
Abundancegp or oor = TAtiOgyp or ovr X abundanceq Step 4
SEsub or ovr = /TAtiOsyp or ovr X Varianceyy Step 5
Clsup or ovr = abundancesyp or ovr £ (SEsup or ovr X ~1.96) Step 6
where cat = size category (sub-legal, legal, or over-legal)
rel ret = relative retention value from relative retention curve
/ = each sturgeon length incm TL
m = each mesh size (6", 7", or 8")
sub = sub-legal (85-116 cm TL)
leg = legal (117-168 cm TL)
ovr = over-legal (= 169 cm TL or 169-258 cm TL)
SE = standard error
cl = 95% confidence interval
Prop = proportion

Box 1 Stepwise process for estimating annual abundance of White Sturgeon 85-116 cm TL and = 169 cm TL.
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