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<A>Abstract

The Southern Distinct Population Segment of Green Sturggennsn the Sacramento River,
Californiaandis,listed as a Threatened Spedgshe Federal Endangered Species M
estimated.thepawning run and population size in 2010 — 2015 using Dual Frequency
Identification Sonar (DIDSON) sampling, underwater video camera spédergication,and
acousic tag'detections. Spawning rgiee varied from 33to 1,236 individuals. We estimated
total population size to be 17,548 individuals (95% confidence interval = 12,614 —22\482
estimated the number of adults to be 2,106 (1,246 —2,966), the number of juveniles to be 4,387
(2,595 — 6,179) and subadults to be 11,055 (6,540 — 15,571). This study provides the first
estimate.of.Saecramento Riv8reen Sturgeorun-size and initiates a time series of abundance
that can informEndangered Species Act recovery procesagshermore, these absolute
abundance estimates provide a context for evaluating the significance of impacts, such as
bycatchdn coastal fisheries or entrainment in water diversions, where the number of impacted

individuals is known.

<A>|ntroduction
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Green SturgeoAcipenser medirostriare anadromous fish which spaimrthree major river
systems in California and Oregon (NMFS 200B)e species is separated into two distinct
population segment{ssrael et al. 2004)which are managed separately by the Natidtaine
Fisheries Service. The Northern Distinct Population Segment (NDPS)tsarfsisdividuals that
spawn in the.Rogue River in southern Oregon and the Klamath River in northern California
while individuals in the Southern Distinct Population Segment (SDPS) spawn ientr@IC

Valley, California. The SDPS was designated as a Threatened Species by the National Marine
Fisheries Service in 2006 (NMFS 2008he NDPS was designated a Species of Concern
(NMFES 2006) but the concern for NDPS abundance was buffertéet Ipresence of two
separatespawning stocks. Los$ spawning habitat is considered a detriment to a sustained

population‘ef Green Sturgeon in the Central Valley, California (Adams et al. 2007).

The amount of historical habitat available to Green Sturgeon varies by populatiotDPise
currently has accedo 100% of historically accessible habitat. Spawning in the NDPS
consistentlysoecurs in the main stems of the Rogue and Klamath rivers; howeavearing has

also been‘documented in the Trinity and Salmon rivebsitaries of the Klamath River é&ison

et al. 2006)..In contrast, the SDPS consists of individuals that spawn afrticy evithin a 160

km (100:mile) segment of the Sacramento River below Keswick Dam, which forms a barrier to
passag€Adams et al. 2007). In addition, SDPS spawning was documented in the Feather River
during June, 201(Seesholtzt al. 2015) indicating that Green Sturgeons can spawn in major
Sacramento'River tributaries. It is probable that the SDPS historically spawned in currently
inaccessiblesportions of rivers above dams in the American, Feather and Y ubalibeay,

flow regulation and habitat fragmentation likely constrain their current spawning distribution
(Mora et al. 2009).

NMFS (2006).identified dack of information describing the total number of individuals in each
of the populations as a potential risk factor for both populat®inhat time, @ direct estimates

of population.abundance of either DPS existedsaatiis designatiewereprompted by a

decline in other indicators of abundandéese indicators include frjdirect abundance
estimates based on the proportion of Green Sturgeomicaity White SturgeoifAdpenser
transmontanusby the California Department of Fish and Wildlife 2) annual catch in the Yurok
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102  tribal Green Sturgeon fishepn the Klamath River, and 3) catch per unit effort estimates from a
103  commercial Columbi&iver sturgeon fishery. White Sturgeon coexist with Green Sturgeon in
104 the Sacramento River but White Sturgeon are much more abundant (Moyle 2002). While there
105 is a body of knowledge about the life history and potential demographic structure of tlee speci
106  (Beamesderfer et al. 200DPSspecific estimates of adult abundances necessary to facilitate
107  future status assessments have yet to be produced. Thus, the objectives of thisrstialy

108  estimate the'number of annually migrating SDPS Green Sturgeon and to estinrs®@ e

109  population'size: W also produce estimates of sadult life stages that may be useful for

110  evaluating impacts on those life stages where the number of impacted indivgduadsvn.

111 Estimates.of adult abundance will allow the statuSPS Green Sturgeon to be evaluated

112  relative to'recovery criteria

113

114  <A>Methods

115

116  <B>Study,Site

117

118  The Sacramento River is the largest river in Californiainihg the northern 71,000 Krof the

119  Central Valley. Our study took place within a 155 km reach between the Anderson-Q@aitonw
120  Irrigation District Dam ativer kilometer (rkm) 57@nd the Highway 32 overcrossing (rkm 415)
121 during the ' months of June and July of 2010 through 2ZBitfiure 1). We calculated rkm as the
122 distance upstream from the Golden Gate Bridge.

123

124  Our sample sites consisted of the 125 locatd@eperthan 5m described in Thomas al.

125 (2014) identifiedbased on a medwabitat surveyy the U.S. Bureau of Reclamation beginning
126  in January,0f 2008 and completed May 2010. In the Rogue River, NDPS Green Sturgeon
127  congregate.in locations greater tham Sleep (Erickson et al. 2002). Thus, Thomiaal. (2014)

128  and our study chose a 5 m depth criterion to identify potential congregating locationstvathin t
129  Sacramento River. The Bureau of Reclamation survey identified 125 discreté¢ tiailtsta

130 fulfilling this criterion, a portion of which were occupied by Green Sturgeon ogrggoustic

131 tags(Thomas et al. 2014A subset of these surveyed sites were confirmed as spawning

132 locations by Poytresst al. (2013).
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133

134  <B>RunSize Estimate

135

136  <C>Estimating abundance with DIDSON#e modified the presen@ssence and abundance

137  estimation methods described by Metal (2015) to annuallgstimate thabundance of

138  migrating Green Sturgeon in the Sacramento River. Our modification was thedtwerisused
139  the sample'sites to determine the presence or absence of sturgeon using Dual Frequency
140 Identification"Senar (DIDSON) [Sound Metrics, Belleview WA]. DIDSON is an acoustic @amer
141 that operates like a medical ultrasound, allowing researchers to sedikediemages of

142  ensonifieddfishy,submerged objects, and substrate. The preseseese surveys were initiated

143 during thefirstweek of June, generaligied two weeks and systematically occurred moving
144  upstream from the most downstream sample site. We then estimated the abundance of sturgeon
145  at each of the occupied locations over one to three days. Depending on the year, the DIDSON
146  surveys wereitherperformed by one or two teams working concurrently. However, video

147  camera sampling (Sésstimating speciesrpportion below) was always performed by a single
148  team. Our'other modification from the methods of Metral (2015) allowed us to account for

149  some of the potential bias inherent in the movement of individual sturgeon durirzgrpie s

150  period(SeeEstimating migratiorpatterns with telemetrigelow).

151

152  <C>Estimating speciesrpportion.— Both Green Sturgeon and White Sturgeon spawn in the

153  Sacramento'RivgiKohlhorst 1976).Even though migration studies suggest their spawning

154  habitats aresseparated in time and si{itiber 1972, Shaffter 1997, Heublein et al. 2008

155  wanted to be sure that the detected sturgeon were the target species as these two species are
156 indistinguishable in DIDSON images.aNised underwater video camera transects to estimate
157  the relative proportions of Green and White Sturgeon at locations of detectgbstpresence

158  to correct for this potential bia$o gather visual sturgeon detections for species identification,
159  we towed amunderwater video camera (Splash Cam Deep Blue Pro, Ocean Systems, Inc.,
160  Everett, WA) attached to a 1@ sounding weight at locations where sturgeon densities were
161  sufficiently high enough to ensure detections (Groves and Garcia. T9@8¥tandal definition

162  (720p) video feed from the camera was recorded onto DVD (2010, 2011) or digital video tape
163 (2012 — 201pfor later analysis, and viewed reéahe aboard the survey boat to avoid collisions
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164  with sturgeon. During 2012 — 20%¢e fitted the towe@dameras assemblith a high definition

165  (1080p) underwater video camera (GoPro Hero2, GoPro, Inc., San Mateo, CA) to record a
166  greater field of vievand image quality compared to the standard definition image froDeibe

167  Blue Pro. These species proportion surveys occurred the week after the abundagse surve
168

169  We reviewed the video files, tallied the number of sturgeon detections and assigned them as
170  Green Sturgeon, White Sturgeon, or Undetermined Species. Our criteria foyiiigisturgeon
171  species ar@stedin order of decreasing precederned able 1(Moyle 2002).

172

173  For each yearef the survey, we estimated the proportion of detected sturgeons that were Green
174  Sturgeon as arbinomial proportiafJ of the number of sturgearamera interactions identified
175 as Green SturgeoiV{) to the number of sturgeaamera interactions identified to specils)(

176  For each year, we pooled all sasgivithin the study area. A binomial distribution is the

177  distribution,of the number of success resulting fromdependent trials all experiencing the

178  same probability of succepsThus, for each year we assumed thaptioportion of green

179  sturgeon f)'wasuniform within the study area and stable throughout the sample period.

180  Furthermore, we assume that the results of each trial (each staayeera interactiom]) are

181  spatially.and temporally independent of each ot calculated®, as

182
. Ng
EQ(1 p.=—=
Q) =
183
184  with variance:
185
Lo P.(1-P,
EQ(2) PPy =0
(5
186
187

188  <C>Estimating migratiorpatterns with telemetry datalndividual Green Sturgeon migrate into
189  and out of the survey area at varying times during each spawning year, so during any given

190  survey the entire spawning run may not be in the survey area.eVlak§2015)described
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assumptions of our abundance estimation technique that, when violated, will impaet thie

final estimate. They recommended using individual based information descrilgragion

patterns to correct for these potential sources of bias. douatfor the effects of this bias on

our abundancestimates, we relied on detections of acoustically taggeeh@®irgeon in the
study area..faggeddividuals (n= 288) (Heublein et al. 2008, Vogel 2008, Lindley et al. 2011,
Thomas et.al. 2014yeredetected by an array oftra-sonictag detecting hydrophones
maintained by the Biotelemetbyaboratory of the University of California, Davis (UCD). We
utilized these"apparent migration patterns to estimate the quantity gfdwps of individuals

not detectedduring our DIDSON surveys: 1) the proportion of annual migrants that exited the
study aeapriorto our abundance estimate, and 2) the daily average proportion of individuals
migrating between units during our study period in June anddelsch yearHere we assume
that the mechanisms that influence migration are experienced and aatadhifpanly for all
individuals_in the study area. Thatpsfrom the binomial distribution example abasehe same

for all individuals. Further, we assume that each migrant makes the decision to migrate
independently=of others,from the binomial exaple above. There may be reasons to suspect
that migrationshas a behavioral component and thus may be a contagious dependent process
(Lindleyet.al. 2011)however we lack the mechanisms to assess how this violation biases our

estimate ef'migration timing

<C>Proportion of annual migrantshat had exited thetsdyarea— To estimate the proportion of
annual migrants that had exited the study area prior to our abundance estinsatewezized
individual Green Sturgeon detections by week and coded them as either present or having
already exited the study site. This was determined for individuals not taggedantbe
spawning year as being summarized with the exception of 2011 when only two previously
tagged fish.entered the study area. For the year 2011, we included the exit dates ofdfaladivi
tagged during.that spawning year (Thomas et al. 2014). For all years, the estipraf@rtion

of individuals'that had exited the study system before our abundance estimate ocasrred w
calculated as.a binomial proportiaPp] of the number of individuals that had exitké study
system by the weedif our abundance surveyl() to the number of total annual migrants

detected on the hydrophone array that year within the studyMyéa (
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EQ(3) Pp ==

with variance:

A~

A P(1-P
EQ(4) V(Pp) = ”(N—M”)

We then utilized the total number of detected sturgeon from the DIDSON tran&efisn
Moraet al.:2015, equation bto estimate the total number of individuals that had exited our

study system before our abundance sur&y3 as:

_ T \ 4
EQ(5) Ng = (1—I3P>PP

The varianc@f Ny was calculated using the Delta Method as in Matral. (2015):

EQ(6) V(Ng ) = [(P)?- P(T)] + [(D)? - V(Pp )] + [V(Pp) - V(T)]

Equations 5 and 6 result in an annual estimate of the total number of annual migrdrad that

exited the study area prior to our sampling, and the estimated variances obftlese t

<C>Number.ofindividuals migratingetweerhabitat units— To estimate the daily average

number.of individuals migrating between habitat units in the study area during June and July of

each year, we'queried the UCD Laboratory database for Green Sturgeon detectionsg
during these manths, between the Iscaff0700 hours and 1900 hours (the daily time period of
sampling) and only at hydrophones not located directly in the sample sites. Weesstrdaily

quantity’@;) as a binomial proportion of the number of unique individuals detected, and assumed

to be migrating between unit¥yy), to those present in the study area and not detected during
that day and thus assumed to be within the habitat ujts (
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EQ(7) Py ==

with variance:

EQ(8) V(P) =——F

To estimate.the annual average proportion of individuals that were moving betwaestuuinig

our samplé period, we calculated the avel@gg of the daily estimateB, as:

EQ(9) p, = "F
Q =2
With variance:
_ nP(B)
EQ(10) V(e = Z nzl
L

Then for each year, we calculated the total number oficheils that were transiting between

sample siteS during our abundance survais3 és:

_ T \-
EQ(11) Np = (1 _131>P1

The varianc@fN; was calculated using the Delta Method as in Mow.€2015):

EQ(12) V(N ) =[@)?- V(D)) + [(D?-V(P)] + [V(P) - V(T)]
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292
293

294

Equations 11 and Ir2sult in annual estimates of the total number of individuals migrating
between units during our annual sample periods and the estimated variances of tlsese total

The means and,variances of these three estimated annual quéfiigsN; ) werethen
summed tosrepresent the total number of Green Sturgeon that migrated during eact year a

estimated variances of those totals.
<B>Population Estimate

To estimate the number of mature adults in the SDPS we first had to estimate two quidueatitie
mean and variance of rgizes over aix-yearperiod and the distribution of interannual

spawning frequencies.

Green 3urgeon are iteroparous and individuals do not make spawning migrations every year. To
estimate thewdistribution of temporal intely between spawning migrations from repeat

spawners we again turned to the detection record of acoustically taggedSaregeon. The
detection“database was queried for all Green Sturgeon performing a spawning migration.
Individuals'were considered to have completed a spawning migration in a giventhegnifere
detected by a tag detecting monitor in our study area that year. We then calbaateerval, in
years, between spawning migrations for 41 individuals that had spawned more than once. The
identified distribution was used as an estimate of SDPS spawning periodicityeBineS s and
variance of‘this distribution is ¥§s) were calculated using the standard estimators for a sample

mean and variance.

_ 1O
EQ(13) Ses= ) %
2

_ 1 n
EQ(14) VGas) = —= > (11— 07

n—1
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Wethen estimated the average 1sine of SDPS Green Sturgeon by calculatingstkeear
geometric mean of our rusize estimates using the followirquations. The average rsize

(T;) was calculated as:

EQ(15)

with variance:

EQ(16) vTy= > LD

We estimatedsthe total number of adults in the SQ®S by multiplying the average rusize

(T;) by the.estimated average spawning periodidty).

EQ(17) Ny =S65Tg

The varian€®fW\V, was calculated using the Delta Method as in Maral. (2015):
EQ(18) VIRA] = (Ses ) VITal + (T6)?7[Sgs ] + 7 (Te)V (Ses )

Beamesderfer-and Simps(i2007)determined thagiven multiple assumptions about population
characteristicsthe SDPS Green Sturgeon populatuld have an expected life stage
distribution of 25% juveniles, 63% sub-adults and 12% adults. The juvenile life histgeyweis
defined by Beamesderfer and Simpson (2007) as “fish during freshwater rearing prior to
migration to the ocean (generally one to three years of age and 0 — 60 cm in length$.” Adul
were defined by the authors as “fish larger tth@enmedian size and agefemale maturation
(approximately 165 cm and 20 years of age).” Theagludt life history stage refers to
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individuals between these two age classes. Combining the proportions provided by Bdamesde
and Simpson (2007) with our estimate of the numbedoltsiin the SDPS, we estimated the

number of individuals in the juvenile and sathult life history classes.

<A>Results

Abundance sampling occurred over one to three days from mid-June toudadgach year
(Table 3. The'number of days required to sample the occupied habitat units varied between
years due to the number of cumulatively occupied units and the varying number ohgampli
teams. During=2010, 2011 and 2012 two crews worked together to sample different units

concurrently; however, in 2013 through 2015 sampling was performed by one crew.

Table2 displays the estimates of the total number of sturgeon present considering only the
DIDSON transect estimate of abundance. As estimatesefizefor each year, these values are
uncorrectedifothe bias imparted due to species proportion, migration timing and individual
movement'between sample sited during our surveys (Mora et al. ¥04 Bletected an average

of 346 sturgeon each year rangfngm 220 in 2011 to 526 in 2014.

Annual estimates of the proportion of Green Sturgeon in our study area calculated from vide
camera transects rged from 0.98 to 1 (Table 3). Of the 699 sturgeon observed on video, 390
were identifiable to species and of those, only two were White Sturgeon. These ti®o Whi
Sturgeon observations occurred during one year and were captured on the same day in the same
location on the same video camera transect. We classified sturgdoidastifiable usually due

to a blurred image resulting from the combination of distance and turbidity or unaiaetiiue

to limited viewing time after the fish was startled and quickly swam aWdlgerwise, it is

apparent that the majority of sturgeon detected in our study area were Green Sturgeon.
Theestimate proportion of annual migrants that had left the study area before our abundance

surveys were performealeraged .33 and ranged from 0.00 to 0.57 (Table 4). 2013 was an
outlier with 0 individuals leaving the study area before our abundance surveys.
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350 Theestimate proportion of Green Sturgeon in transit between sample sites during DIDSON
351  surveys averaged .013 araiged from 0.004 to 0.017 (Table 5).

352

353 The estimates qf annual Hsize accounting for the proportion of sturgeon transiting between
354  sites or out.ef.thetudy area are shown in TaltleThese values represent the total number of
355 adult Green Sturgeon that entered our study area each year. These values do ndhénclude
356 number‘of'migrantghat entered tributaries of the Sacramento River such as those documented
357 by Seesholtetal. (2015). The average rigizewas calculated to b&71with the 95%

358  confidence limits of 529 and 613.

359

360 The detections'of 42 repeat migrations of 41 individuals displayed a spawning intervaltof tw
361  six years. The mean spawning periodicity was 3.69 years with a variance of 0.56 (Figure 2).
362

363  We directly estimated the number of adults in the SDPS to be 2,106 within the 958 coafi
364 limits of 1246-and 2,966. Applying the life history proportions of Beamesderfer and Simpson
365 (2007) we estimated there to bg887juveniles within the 95% confidence limits 0625 and

366 6,179, and.11,055 sub-adult within the 95% confidence limits of 6,540 and l@®b#lotal

367 populationsestimate of 17,548 SDPS Green Sturgeon within the 95% confidence limits of 12,614
368 and 22,482 individuals.

369

370 <A>Discussion

371

372 We estimate that duringach yeaof the studythere were betweenZ46 and 2,96&6DPS Green
373  Sturgeon in the reproductive portion of the population. We regard this as adhatyje

374 estimate of SDPS Green Sturgeon population size because it overcomes two issues that
375 hampered.eatrlier estimates: a limited sample re@svael and May 2010), and estimating the
376  abundance.of Green Sturgeon based on the ratio of Green to White sturgeon numbers in a White
377  Sturgeon sampling study (U.S Fish and Wildlife Service 1995, Adams et al. &8&).and

378 May (2010) used genetic techniques to estimate effective population size duyeguth@002-
379  2006. Their study sampled out-migrating juveniles at Red Bluff Diversion Dam, potentiall
380  omitting the contribution of individuals spawned downstream of this location. Tdigirates of
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381 effective population size contributing to their samples rafiged 1028 spawners. These

382  results are not surprising given two facts. First, effective population size is often smaller than
383  census population size. Second, their sampling occurred during a time when Red BlsibBiver
384 Dam operated as a temporal bartefGreen Sturgeon spawning, likely reducing the numbers of
385  spawners upstream of this point and thus reducing the spawners contributingdarttpde

386 (Heublein'et al¢2008). U.S. Fish and Wildlife Service (1995) estimated the nunawkrdiof>

387 101.6 cm)'Green Sturgeongsent in the Sacramer&an Joaquin Estuary for eight years

388 throughoutthe“interval between1967 and 1990. A direct estimate using cagapaire

389  estimation was hot possible as no recaptures of individual occurred during thdingaimpse

390 authors estimated the mean number of Green Sturgeon adults tores@88g in adoubling

391 goal of 1,966 individuals. The results of our study suggest that the doubling goal set by the
392  Central Valley Project Improvement Alsas been met. Our study, if anythitigely

393 underestimates the SDPS abundareeause itid not include the recently documented

394  spawnersin the Feather Riyvas determined from a collection of thirteen eggs from Green

395  Sturgeon (Seesholtz et al. 2015). Future population estimates of adult SDPS Gream Sturge
396 should coordinate DIDSON sampling in the mainstem Sacramento with concurrenhgampli
397 other Central Valley tributaries.

398

399  Our estimates of juvenile, subadult, and total SDPS green sturgeonraward&ess reliable

400 because they are based on the ratios in Beamesderfer and Simpson’s (2007) madgling st
401  which combines data from the NDPS and SDPS. Their estimate of percentage of juvenile
402  sturgeon issparticularly uncertain because so little is knaout this life stagédditionally,

403  their model requires four assumptions that are ashgiyt rarely met:

404 “constant recruitment, population equilibrium, stable size and age structure, and a

405 lack of density dependericd@Beamesderfer et al. 2007)

406  However, this study provides a rougstimate of total abundansaitable forassessing impacts
407  of take, suehras those that are observed in coastal trawl fisheries and at large water diversions.
408

409 The Demographic Recovery Criteria, under development by NMFS as part of the SE#PS Gr
410  Sturgeon Recovery Plan, contain quititve targets of population sizsed to determine if

411  significant threats to the recovery of a population are allevidteedraft criterion requires an
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estimated adult population of 3,000 individu@lsHeublen, NMFS GreerSturgeon Recovery
Coordinator, personabenmunication). Our results show that the population igardielow the
desired 3000 spawning adults in the populafidre Demographic Recovery Criteria states that
‘each annual spawning run must be comprised of a combined total, from all spawnirggnicati
of at least 500.adult fish.” That recovery target was met déoungof six years of our survey;
however the criterion provides no guidance on the interpretation of confidence mtdvoal
example the2011 estimate of 334 adult spawners has a 95% confidence interval spanning 273 —
395 adults; ¢clearly not reaching the 500 adult fish criteria. A less clegiraesurred in 2012
when 597 adult spawners were estimated to have migrated into the study area. The 95%
confidencesintervals of that estimate span 499 — 695 adults, almost entirely wittasitiesl

draft criteria. The draft Demographic Recovery Criteria could be clatdisg@ecify if just the
point estimate of aduiun-sizeand population size, the entire confidence interval, or just a

majority of the confidence interval is used to satisfy the recovery criteria.

It is clear that further implementation of DIDSON basadveys that measure the abundance and
distribution,of.Green Sturgeon during their spawning period will provide infiomarucial to

the evaluation'ef SDPS Green Sturgeon status. Two of thdfafeEDemographic Recovery

criteria describe criterion basen either abundance (annual sipe total population size) or
distribution (successful spawning in at least two rivers within their historical range). Spawning
has been recenthjetected in the Feather Ri@&@eesbltz et al. 2015and future coordinated

DIDSON surveys of the Feather and Sacramento Rivers is planned.

This study provides additional evidence that sturgeon in the study area during June ared July ar
almost entirely"Green Sturgeon. The only exception to this expectation was the ti@o Whi
Sturgeon detected in 2013. Given the findings of Miller (1972) and Shaffter)(1B@7attern

was not surprising; however, we had expected a larger proportion of the detecfedrsta be

White Sturgeon based on sedfporting by recreational fishermen to the California Department

of Fish and Wildlife. Other evidence provides support for Green StupyevalenceFor

example, all sturgeon larvae and juveniles that were captured in atsmpesperated at Red

Bluff Diversion Dam were identified as Green Sturgé@@aytress et al. 2014). In addition, initial
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results of Green and White $figon migration studies by the UCD Biotelemetry Laboratory
support our findings (BMiller, UCD, personal communication).

The highrun-sizeestimate from 2014 stands out as an obvious outlier. The sampling for the
2014 estimate,occurred roughly two weeks later in the spawning season than the otther annua
estimates. Otherwise, all aspects of the study design were the same during 2014 as they were
during previous'years. For 2014, two components of the estimate sizewere the greatest

for any yearofour study: the total number of sturgeon detected via DIDSON tramskttie a
proportion of individuals that had left the study system before our DIDSON sampling began.
These two,faetors clearly combined to inflate the estimaterasizebut we considereir

estimated values as valid because measurements from all years were performed uniformly. It is
worth noting that the 2014 and 2015 spawning seasons occurred during a major drought in
California although it is unknown how environmental factors, sisteduced flow, influence
run-size and Green Sturgeon spawning migrations. As our study continues and ourésne se

expands, wemplan to investigate these questions.

Finally, because our model is reliant on individual based migration informatiowryitial that
tagging_ofdndividuals with long lasting acoustic tags continue to be conducted to inform
population monitoring efforts into the future. Population monitoring of the SDPS of Green
Sturgeon is_crucial to understand the status of the speciesOMB&8mpling and acoustic
tagging appearto be the most efficient and least invasive methods to track ®&sian
Sturgeon status. It would be important to know, for example, if the greater numbers of adults
observedin 2014 represents a reproductive cohort or a response to environmental changes
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Indicator Green Sturgeon White Sturgeon
Dorsal Scutes 8-11 11-14
Lateral Scutes 23-30 38-48
PostDorsal Scute Present Yes No
Ventral Green Stripe Yes No
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LateralGreen Stripe Present Yes No

Tablel. Criteria used to identify sturgeon to speciesone of the criteria were discernable, we

assigned “Undetermined Species”

+ 95%

Year Sample Dates N cl

2010 6/17 245 63

This article is protected by copyright. All rights reserved



2011 6/16 220 41

2012 6/14, 6/15 329 56
2013 6/10, 6/11, 6/1= 338 61
2014 6/30, 7/1, 7/2 526 64
2015 _6/24, 6/25, 6/2¢€ 423 59

573  Table 2:. The.dates when the abundance estimating surveys occurred and the estimated total
574  number of sturgeon resulting from the DIDSON transects, uncorrected for bits\wioiations

575  of assumptions.
576
577
578
579
580
581
582
583
584
585
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587

588
589
590
591

592
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Year N (Greer) N (White) Unknown P (Green) Variance

2010 76 0 47 1.00 0.0000
2011 39 0 40 1.00 0.0000
2012 50 0 57 1.00 0.0000
2013 83 2 87 0.98 0.0002
2014 100 0 64 1.00 0.0000
2015 37 0 26 1.00 0.0000

593  Table3: The number of Green and White Sturgeon detected on video camera and the mean and
594  variance of the estimated species proportions.
595

596
597
598
599
600
601
602
603
604
605
606
607
608
609
610

611
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Year N (Migrantg N (Exited) Proportion Not In River Variance

2010 9 5 0.56 0.027
2011 24 8 0.33 0.009
2012 18 8 0.44 0.014
2013 14 0 0.00 0.000
2014 14 8 0.57 0.017
2015 32 14 0.44 0.008

612  Table4: The number of sturgeons implanted with acoustic tags that were detected as leaving our
613  study area each year before the initiation of our abundangeys.
614

615
616
617
618
619
620
621
622
623
624
625
626
627
628
629

630
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Year Proportion In Transit Variance

2010 0.004 4.07E-06
2011 0.02 1.37E-05
2012 0.015 7.72E-06
2013 0.013 1.41E-05
2014 0.017 1.66E-05
2015 0.01 4.14E-06

631 Table5: The estimated average daily proportion of tagged sturgeon migrating between sample
632  sites during the month of June and July.
633

634
635
636
637
638
639
640
641
642
643
644
645
646
647
648

649

This article is protected by copyright. All rights reserved



Year N + 95%

Cl
2010 552 109
2011 334 61
2012 597 98
2013 335 61
2014 1236 157
2015 756 98

650 Table6: The estimated number of Green Sturgeon that migrated into the study area betwee
651 2010 and 2015:
652

653
654
655
656
657
658
659
660
661
662
663

664
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Supplemental Material
GreenSturgeon.wmv
Video showing a typical Green Sturgeon ID. Visiatea lateral green stripe, number of dorsal

scutesand_thepresence of a paesiorsal scute.
WhiteSturgeon.wmv

Video showingone of two identified White Sturgeon. Visitethe lack of a lateral green

stripe, number-of dorsal scutes and the lack of agmsial scute.
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