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Abstract.— Through the sampling and positive identificatiorgoden sturgeon eggs
using artificial substrate mats, three spawningsire the Sacramento River were confirmed
in 2011. Eggs were sampled for the second conisecygar from the Sacramento River at
RK 426, for the third of four years at RK 391 (RBJp&nhd for the first year at RK 332.5. Far
fewer eggs were sampled in 2014 € 11) compared to 2010IE 105), 2009 = 56) and
2008 (N = 42). Sampling conditions in the Sacramento River in 2@&te more difficult
than previous years due to spring storms and Mar@ibcharge resulting in a three week
delay in samplingWater temperatures ranged from 11.2 to 14.62G-(12.9°C) during the
estimated spawning period. Over the last 4 yesrgverage, the depth eggs were collected
at RBDD was 5.3 metetsss than the other six sites where spawning has besirmed.
Multiple pass underwater video substrate surveye werformed within egg mat sampling
sites at RK 338 and RK 332.5, post egg samplimgmR2008 through 2011, green sturgeon
spawning habitat has been identified at sevenilmtsitovering a 94 river kilometer reach of
the Sacramento River.

The greatest total capture of green sturgeon laiwvdeur seasons of effort was
achieved using a benthic D-net in 2011. A combi®d@ green sturgeon larvae were
sampled from the RBDD Bypass Outfall (18.5%), TehaBridge (74.2%), and Gianella
Bridge (8.3%). Larvae were sampled within a 95 pagod between May 23 and August 25,
2011. Average sample depth and water velocity wgreen sturgeon larvae were collected
was 1.7 meters and 1.0 hsespectively.

The temporal distribution pattern determined byrfgears of sampling indicates a
nearly identical pattern exhibited by captureshe totary screw traps at RBDD and D-net
sampling. Directed sampling effort using D-nets t®mporal distribution data should be
discontinued in 2012 during the initial dispersatipd provided rotary traps are in operation.
Future D-net effort should focus on greater spatistribution data as well as fall sampling
when it is hypothesized that juvenile green stungedgrate to overwintering areas.
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2011 Upper Sacramento River Green Sturgeon Spawning Habitat
and Larval Migration Surveys

I ntroduction

The Sacramento River in Northern California cursehbsts the only known
spawning population of Southern Distinct PopulatBagment (SDPS) green sturgeon,
Acipenser medirostris, which was listed as threatened under the Fe&@@dhngered Species
Act on April 7, 2006 (BRT 205; NMFS 2006). Heighéel concern by the U.S. Bureau of
Reclamation (USBR) regarding the potential impattie Red Bluff Diversion Dam
(RBDD) to green sturgeon prompted the initiatioracferies of studies focused on
determining how various life history stages of fgpulation may be affected by current
dam operations. From 2008 through 2011, the USBRtlae University of California, Davis
(UCD) conducted research and monitoring on thetdifiellhistory phase of SDPS green
sturgeon (R. Corwin, USBR and M. Thomas, UCD, utighbd data). The U.S. Fish and
Wildlife Service (USFWS) concentrated on the eatlldge history stages of SDPS green
sturgeon through egg deposition and larval drifitgiéing. Heath and Walker (1987) noted
the sampling of eggs and larvae as an importarttadeb identify spawning and nursery
areas. Knowledge of these areas has been deeitieal tv understand the overall
abundance of fish populations (Hjort 1914; May 1,94dmpel 1979). Detailed information
on these critical areas for SDPS green sturgeobd®s extremely limited.

Six spatially discrete SDPS green sturgeon spaweniegs were confirmed on the
Sacramento River, CA through egg sampling by thEWS between 2008 and 2010
(Poytress et al. 2009-2011). Larval drift charastes were also documented. All data
collected as part of the multi-entity collaborateféorts from 2008 through 2010 was used to
guide the timing, specific locations, and methosisdito conduct the 2011 green sturgeon
egg and larval surveys.

Objectives

The objectives of this fourth-year study were ):determine the temporal and
spatial distribution patterns of spawning greemgetan (via egg deposition) above, at, and
below RBDD, (2) monitor limited 2008-2010 confirmsgawning sites for repeated
spawning site use, (3) monitor the environmentaldaoons of the sites where eggs were
found and characterize spawning habitat in termsatér temperature, depth, river
discharge, and substrate type, (4) determine thpdeal and spatial distribution patterns of
emerging green sturgeon larvae in proximity to RB[&) determine if distinct nocturnal
patterns of migration occurred in post exogenoadifey larvae, and (6) determine the
timing, spatial distribution, and habitat use aégm sturgeon larvae emigrating out of
confirmed spawning areas.

This annual report addresses, in detail, egg andllaampling of green sturgeon for
the period April 12 through September 9, 2011.sThport includes data and information on
green sturgeon spawning areas, spawning substraeys, and larval drift characteristics



from multiple upper Sacramento River sites centerethe RBDD. This report is being
submitted to the USBR to comply with contractuglarting requirements for funding
administered through the Fish and Wildlife Coortlioa Act.

Study Area

The Sacramento River originates in Northern Calionear Mt. Shasta from the
springs of Mt. Eddy (Hallock et al. 1961). It flewgouth through 600 kilometers of the state
draining numerous slopes of the Coast, Klamath¢c&bes and Sierra Nevada mountain
ranges and eventually reaches the Pacific Oceath@i8an Francisco Bay (Figure 1).
Shasta Dam and its associated downstream flowaegglstructure, Keswick Dam, have
formed a complete barrier to upstream anadromasbspfassage since 1943 (Moffett 1949).
The 94 river kilometer (RK) reach between KeswianD(RK 485) and RBDD (RK 391)
supports areas of intact riparian vegetation argelg remains unobstructed. Below RBDD
the river encounters greater anthropogenic inflaagcit flows south to the Sacramento-San
Joaquin Estuary.

Sampling was concentrated within a 105 river kilteneeach of the Sacramento
River from the mouth of Ink’s Creek (RK 426) to G&la Bridge (RK 320.6) with RBDD
roughly halfway in between (Figure 1). The 20lidgtarea contained five previously
confirmed spawning micro-habitats (Brown 2007; lPegs et al. 2009-2011). The study area
was expanded downstream to include two indetermisawning micro-habitats associated
with the presence of adult green sturgeon bas&08 through 2011 acoustic telemetry
data (R. Corwin, USBR and M. Thomas, UCD, unpulgitsdata) and one previously
documented adult holding area (Vogel 2008, Hubétial. 2009). The study area in 2011, as
described, provided five logistically feasible egggnpling locations both upstreahi £ 2)
and downstream\(= 3) of RBDD and three larval sampling locationtoleRBDD.

M ethods

Egg sampling surveys.— Sampling for green sturgeon eggs was performed by
deploying artificial substrate samplers (i.e., etgfs) in close proximity to presumed adult
spawning areas based on visual observations, satespnar, and acoustic telemetry data (R.
Corwin, USBR and M. Thomas, UCD, unpublished datgg mats were constructed using
two 89 x 61 cm rectangular sections of furnacerfithaterial secured back to back within a
welded steel framework (McCabe and Beckman 1990afer 1997). The orientation of
the furnace filter material allows either side loé £gg mat to collect eggs. Egg mats were
held in position by a three-fluke cement-filled peinyl chloride (PVC) anchor attached to
the upstream end of the egg mat using 9.5 mm dearbedided polypropylene rope. A
labeled float was attached to the downstream em@di egg mat using 9.5 mm diameter
braided polypropylene rope. Float line length andchber of floats varied between egg mats
depending on water depth and velocity.

Multiple egg mats were placed in four locationgtloem Sacramento River commonly
known as the mouth of Ink’s Creek (RK 426), Massdtlats (RK 424.5), Lone Oak (RK
338), and Glenn-Colusa Irrigation District (GCIDdld (RK 332.5) upstream of the oxbow



inlet channel (Figure 1)Mats were predominantly deployed in the within peatrohabitats
(areas flanking deepest portions of pools) baseith®mesults of the 2008 - 2010 studies
(Poytress et al. 2009-2011yhe exact number of egg mats deployed at eackatended
upon the physical area of each site and the neetiatain a useable river channel for public
river transit or fishing.

Four egg mats were placed in the confirmed spawaiiag (Brown 2007; Poytress et
al. 2009, 2010) directly below RBDD (RK 391) followg the annual, seasonal gate lowering
which occurred on June 15, 2011 due to regulatimpéemented in 2009, in part, to aid the
passage of green sturgeon adults to upper SacraRerdr spawning habitat (NMFS 2009).
Egg mats were deployed downstream of partially edatam gates (hydraulically active
areas) generally flanking locations of observedg&an aggregations and activity.

Egg mat sampling consisted of visual inspectionggally twice a week, throughout
the sample period. Paired egg mats were retrigoedthe river, placed on a boat in a
custom made egg mat carrier, and initially inspe:cte both sides by at least two field crew
members. Egg mats were then rinsed with river mtateemove debris and sediment and
then re-inspected. Rinse water and debris weegdi using a removable 3.2 mm mesh net
placed within the egg mat carrier below each eggtmeapture any dislodged eggs. After a
second inspection and inspection of the mesh agtgmats were redeployed.

Eggs collected from each mat were counted andiftehto species in the field.
Eggs were measured, both maximum length and wirdtihe field using digital calipers
(x0.01 mm). All suspected green sturgeon and umiiiked eggs were placed into vials of
95% ethyl alcohol (EtOH) for species confirmatiorddurther analysis. Eggs were pooled,
by species, into the same vial only when foundhensame side of one egg mat. Suspected
green sturgeon eggs were sent to UCD for posipeeiss confirmation, photography,
measurement of egg diameter, and determinatioewdpmental stage (Dettlaff et al.
1993). Laboratory analysis of EtOH fixed egg skz@th maximum length and width, was
measured (£ 0.001 mm) using an Olympus dissectiogostope with a camera lucida, and a
Nikon Microplan Il digital image analyzing tablet.

Spawn date was estimated based on egg collectteradd developmental stage, then
back-calculated using average daily water temperdilyang et al. 1985, 1987; Deng et al.
2002) from the nearest Sacramento River gaugirgstar temperature logger. Non-green
sturgeon fish eggs were field identified using gg key provided by Rene Reyes of the U.S.
Bureau of Reclamation’s Tracy Fish Salvage FacfiRgyes 2011). Non-fish eggs (e.g.,
amphibian), were noted and returned to the wateaweed for laboratory examination.

Environmental and sample effort data was colledigthg both the setting and
retrieval of the egg mat samplers. Environmentééh @onsisted of: GPS coordinates
recorded at the water surface directly above egghmat, river flow, water temperature,
turbidity, egg mat depth, weather condition, andmphase. Hourly water temperature was
monitored at or near each site using a StowawaydiTiemperature logger maintained by
USBR or UCD personnel. Sacramento River hourlyftiata for the two sites above RBDD
were obtained from the California Data Exchanget&@é&nBend Bridge gauging station



(http://cdec.water.ca.gov/cgi-progs/queryF?BNPlows at RBDD were estimated using
Bend Bridge data and subtracting daily diversianiRBDD (when applicable). Flows for

the lowermost sites were obtained from the Calitoofata Exchange Center’s Vina-
Woodson Bridge gauging station (http://cdec.wasegav/cgi-progs/queryF?VIN Sample
effort data was calculated using the date and idieidual egg mats were set and retrieved.

Spawning substrate surveys.— Qualitative substrate identification and compositio
surveys of green sturgeon deep water spawningdiatére performed using underwater
videography. This technique has been performéarge, mainstem rivers focusing on deep
water spawning habitat of fall Chinook salm@ng¢orhynchus tshawytscha), lake trout
(Salvelinus namaycush), and bottom dwelling burbok ¢ta lota; Groves and Chandler 1999).
Surveys were performed using a Deep Blue Pro eosiderwater video camera (UVC;
Ocean Systems Incorporated). The camera housia@ttached to a protective carrier and
suspended from the bow of a boat using two 11 kgdimg weights (Groves and Garcia
1998) for added stability in fast moving water eowiments. A 12 volt ATV winch was used
to raise and lower the protective carrier in théevaolumn during deployment. A second
video camera (PC887WR) was focused on a Hummiridi&8c depth finder to record river
depth, GPS coordinates, and side scan sonar imayétgo images were recorded on a four
channel 12 volt mobile DVR displayed in real-tintean 18 cm LCD monitor.

Surveys consisted of three longitudinal transelcisgariver right, mid-channel, and
river left at egg sampling sites. Each transauiclly proceeded from the furthest
downstream point to the upstream end of suspettiege®n spawning areas at
approximately 1-2 k/hr. The UVC was oriented ugaitn and kept within 30 cm of the river
bottom so the substrate was clearly visible onL BB monitor. At the end of each transect,
the UVC was raised to the water surface or secombdard within the deployment
apparatus.

Each holding pool was surveyed for observation getlading GPS location, time,
substrate type, river depth, and notable abovebatalv water physical features. Recorded
video was later played using the DVR'’s video sofev@ combine field notes, GPS
coordinates, and video footage in a word processaogment to designate specific
microhabitats within each survey site. Individtrahsects were plotted using ESRI® Arc
GIS 10 Substrate size class was visually estimated wsibgtrate descriptors listed in
Dunne and Leopold (1978). Substrates were clagséis sand (<2.0 mm), gravel (2.0 to 64.0
mm), cobble (64.0 to 256.0 mm), and boulder (>25619).

Larval migration surveys.— Larval drift sampling was scheduled to occur twaeelkse
following the first egg sample collection throughigust, based on spawn timing (Brown
2007; Poytress et al. 2010) and juvenile outmigratiming (Gaines and Martin 2002).
Larvae capture by RBDD rotary traps was used adtamate guide to commence larval
sampling in the absence of egg captures. Bas@demious studies on the Sacramento River
(Brown 2007; Poytress et al. 2009 - 2011) and latooy studies (Van Eenennaam et al.
2001; Kynard et al. 2005) indicating nighttime naijon activity, larval sampling was
planned to occur primarily between the hours 0062G@Gnd 01:00.



A benthic D-net was used throughout the seasorilasito nets previously used for
larval sturgeon sampling in the Sacramento Rivah{Korst 1976; Brown 2007)The net
was constructed of 3.2 mm DuPont 66 nylon fiberimfashioned into a 3.0 m long tapered
cone and attached to a steel frame with a circlentar of 2.8 m including a flat base of 80
cm. A 6,620 ml PVC aquatic sample bucket (15.324m) was attached to the cod end
allowing for easy access to collected samples.additional layer of 1.6 mm Delta knotless
netting was sewn inside the latter 45.7 cm of tl2en@m netting to prevent larval sturgeon
from escaping prior to entering the collection betck

Steel bar stock was added to the base of the areefto properly orient the net in the
current and sink it to the river bottom during séimgp A total weight of 27 kg was
determined to be sufficient for proper net orieiotaduring sampling. The net was attached
via a 4.8 mm diameter steel aircraft cable bridld.8B mm Amsteel Blue® rope and
positioned using a hydraulic winch. The net wésvadd to drift downriver behind the boat
until it contacted the river bottom.

Larval drift sampling was scheduled for five nights week alternating between two
sample sites: RBDD Bypass Outfall (RK 391) and Teadridge (RK 369; Figure 1). Sites
were selected based on proximity to confirmed spagviocations, safe transit at night, and
the presence of adequate tie-off structures (erglge supports) in the thalweg. The RBDD
Bypass Outfall was selected as a sample site maspcevious larvae catch (Poytress et al.
2009-2011) and historic catch in the RBDD rotamesctraps (Gaines and Martin 2002).
Tehama Bridge was selected as the next neareststt@am sampling location 8 river
kilometers below confirmed spawning grounds (P®gret al. 2009-2011).

Sampling effort was designed to consist of 300 teiswf wetted net time per night
between the hours of 20:00 to 01:00 and continaedrie hour past the last collection of
green sturgeon larvae. Four bridge supports aamealBridge allowed for multiple sampling
locations however, the second bridge support wed as it was located in the thalweg
(Poytress et al. 2010). At the RBDD Bypass Outtaike river center tie-off existed for all
sampling efforts. During standard sampling, thewees generally set to sample for 10, 20,
or 30 minute sets depending on debris accumuldigimpccurrence and mortality.

Effort and environmental data collected for eaah@a site included: set and retrieve
times and dates, tie-off distance, net set distasa@ple depth, turbidity, and river velocity.
D-net sample depth was measured by mounting ant@usporation® Depth Logger to the
frame of the D-net. Data derived from the logdveed us to determine which net sets
sampled properly as indicated by the variabilityhedf measurements during each
deployment. The river velocity was measured incigter of the mouth of the D-net during
each sample using a General Oceanic® Model 203dfleter. Set time was defined as the
time the net became properly oriented in the rdwging deployment and retrieve time was
recorded when the net broke the surface duringevet

Collected samples were field sorted with the amaunalt type of debris recorded. All
fish sampled were identified to species, measwed enumerated. Green sturgeon eggs
were identified to species and enumerated themeztan 95% EtOH for laboratory



examination and species identification. Non-stargeggs were identified using the egg
identification key provided by Rene Reyes of th& \Bureau of Reclamation’s Tracy Fish
Salvage Facility (Reyes 2011). Green sturgeoratamcidental mortalities (morts) and eggs
were retained in 95% EtOH for genetic identificat{désrael et al. 2004) and developmental
stage assessment (Dettlaff et al. 1993). Livergstergeon larvae in good condition were
either returned to the river or subsampled fordfanto the USBR river lab for use in an
additional UCD research effort (NMFS 2009). Nouargeon larval fish collected were
visually identified to the genus level primarilytime field and in some cases in the lab.

Results

Egg sampling surveys.— Egg mat sampling occurred between April 12 and 18ly
2011 (Table 1). RBDD mats were deployed on Jun@81, following the lowering of the
dam gates on June 15, 2011, and sampled unti9I011. Egg mats sampled a total of
1,243.4 wetted mat days (wmd; one mat set 24 hdatde 1). Sampling effort among the
five sites ranged from 119.6 to 309.4 wnxd £ 248.7 wmd; Table 1)During April (N= 1),
May (N = 1), and June = 1) mats at all sites were retrieved for a peabdne to seven
days due to storm/flow events and redeployed omdggtat days later. Five mats were lost or
deemed irretrievable over the course of the sasgason after being buried by sediment.

Between May 18 and June 29, 2011, eleven greegesinreggs were collected at RK
426 N=9), RK391 N =1), and RK 332.5N = 1; Table 2). Egg samples were collected on
five different sample days (Figure 2). Daily postegg sample totals per site ranged from 1
to 4 (x =2.2). All eggs sampled were collected on a simgat at each location.

Catch per unit effort (sturgeon eggs/wmd) rangechf0.000 at Massacre Flats and
Lone Oak site to 0.031 at the Ink’s Creek site=(0.009). Catch per unit effort for all sites
combined totaled 0.043 green sturgeon eggs/wmd€Tgb

Six of eleven eggs (55%) were assessed for deveofainstage and described using
Detlaff et al. (1993). Two eggs (18%) could nodetermined to have been fertilized and an
additional two eggs appeared fertilized but de@de egg was lost during processing.
Embryonic developmental assessment indicated eggs between stage 21 (early
neurulation) and stage 35 (post-hatch larva). @asedate and location of capture, water
temperature, stage of development, and the assumptat a female requires 12 to 20 hours
to release all of her eggs, samples were likellect#d from five different females who
spawned between May 15 and June 26, 2011 (Table 2).

Egg diameter (width and length) was measured iridghe prior to fixation and in the
lab (post fixation) on 64% of the egg samples, ial@ the same seven samples. One egg
collected at GCID hole was not measured in thel fasl all mats were being removed due to
storm flows. The egg was subsequently measurtteitab. Additionally, one egg
measured in the field was not preserved in goodigingondition to be re-measured in the
lab. Of the directly comparable measuremeNnts ), field width and length measurements
ranged from 3.63 to 4.28 mm € 3.92 mm) and 3.99 to 5.10 mm £ 4.91 mm),
respectively. Laboratory width and length egg ddéenmeasurements ranged from 3.76 to
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4.21 mm & = 3.97 mm) and 4.00 to 4.69 mm £ 4.32 mm), respectively. Three very
recently hatched embryo’s sampled by egg mats pe 20, 2011 were approximately 13.2
mm in total length (post fixation).

Egg mats sampled in water depths ranging from®IA4t5 m & = 5.7 m; Table 3).
Sample depths for green sturgeon eggs collected &tbthree sites combined ranged from
2.0t011.1 m{ =7.4 m; Figure 3).

High flows in March and early April resultant fraitood control releases from Shasta
Dam delayed the initiation of the 2011 egg sampsiegson by three weeks. During the
sample period, five spring storm events betweenl Apd June resulted in hydrograph
spikes that correspond with peak flow values natteslll sample sitesSacramento River
flows at RK 426 and RK 424.5 above RBDD ranged f&8# to 690 s’ (x = 370 nis?)
during the sample period and 280 to 468 h{x = 421 nis?) at RK 426during the
estimated spawning period (Figure §acramento River flows at RBDD (RK 391) ranged
from 326 to 397 rfs* (x = 353 m's') during the sample period and was 3% hwhen
spawning was estimated to have occurred (Figur&Sagramento River flows upstream of
the GCID diversion ranged from 306 to 748i(x = 408 nis™) during the sample period
and was 330 fis* when spawning was estimated to have occu(ffeglre 6).

Mean daily water temperatures ranged from 10.8t@°C (x = 12.9°C) at RK 426
(Figure 4). Mean daily water temperatures rangechf13.0 to 14.5°CH{ = 14.0°C) at
RBDD (Figure 5) and 11.6 to 17.1°&€ & 14.8°C) below RK 332.5 (Figure 6). During the
estimated spawning period, water temperatures dafigen 11.1 to 14.4°Cq = 12.8°C) at
RK 426, 12.8 to 14.5°Cx( = 13.8°C) at RK 391 and 9.6 to 14.9°C € 12.2°C) below RK
332.5.

Instantaneous turbidity grab sample values fromatheve RBDD sites ranged from
1.3 to 21.2 nephalometric turbidity units (NTU)dbghout the sample period (= 5.3
NTU). During the estimated spawning period at RK 42@itlity ranged from 4.2 to 7.7
NTU (x =5.6 NTU). Instantaneous turbidity grab sample values fronRB®D site
ranged from 2.6 to 4.4 NTWk(= 3.6 NTU) and 4.4 to 26.2 NTW(= 7.9 NTU) for the
lowermost (above GCID diversion) site throughowt sample periodDuring the estimated
spawning period at RK 391 and RK 332.5, turbidétgged from 4.8 to 26.2 NTW (= 8.5
NTU).

Spawning substrate surveys.— Multiple pass UVC surveys were performed within
green sturgeon egg mat sampling sites at RK 33&R&n832.5 on September 23, 2011
(Figure 7-8). Sacramento River discharge at t@\WVoodson Bridge gauging station was
273 nist. At RK 338, the river makes a sharp left bended¢ihg off the leading edge of a
levee directing the flow to the middle of the riveating the Lone Oak pool. Although high
water velocity and turbulence were observed atltitation, a limited number of small
standing waves were found to be present. Sun@yducted at RK 338 showed the pool tail
was comprised of scattered gravel and cobble endaeitidsand (RR1-9; MC1-9; RL1-4;
Figure 9). As each pass proceeded upstream, bstrate composition changed presumably
due to the pool’s hydraulic influences. Sand dated the substrate and was suspended
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within the water column in the backwater eddie®er side of the pool and the upstream
edge of the pool (RR9-13; MC9-16; RL4-10; Figure B)pstream of waypoint RR13, higher
water velocity exposed patches of underlying hana, vith substrate size increasing to
gravel throughout the remainder of the river righss. Gravel dominated the substrate
within the thalweg (MC16-20) until the highest watelocity exposed hardpan at the head
of the pool (MC21).

RK 332.5 contained areas of minor surface turbwemith no standing waves. A
stable river right bank upstream of and including survey area resulted in a 3.3 -8.9m
deep channel throughout the survey area. Fineaathdetritus covered the shallowest
section of the survey area (RR1; Figure 10). Satestugosity increased with water
velocity, with sand giving way to gravel immedigtelownstream of waypoint RR6. The left
side of waypoint RR6 photo shows mixed cobble sabst A vein of homogenous gravel
was found in the upper section of the river right$ (RR6-23) extending through the lower
section of the mid-channel pass (MC1-16). The rem@ portions of the survey area
(MC16-25; RL1-21; Figure 10) consisted of sandritiet and pockets of large woody debris.

Larval migration surveys.— Larval drift sampling took place from May 23 to
September 9, 201 Wetted net time totaled 333.4 hours (20,004 mir)udasng weekly
standard sampling effor(Sable 4). TheRBDD Bypass Outfall site was sampled every other
night, typically between the hours of 20:00 and)01: Sampling at Tehama Bridge (RK 369)
occurred on the alternate nights during the same fieriod.Net set times ranged from 4 to
49 minutes ¥ = 30.0 minutes). A third site at Gianella BridgK(320.6) was implemented
mid-season due to concerns regarding permittedaa#étencidental mortality rates associated
with sampling the swift current at the RBDD Byp&ausfall site (RK 391). Sampling efforts
at Gianella Bridge were kept at one night per weeth) net set times ranging from 20 to 47
minutes & = 31.9 minutes).

As previously noted, multiple storm/flow events oged throughout the sampling
season. Runoff and debris loads from the stormtemesarly June precluded sampling for a
6 day period during the first emigration of lar&&gure 11). Sacramento River conditions
beyond mid-June were primarily the result of wagteases from Shasta/Keswick Dam
(Figures 4 - 5).Turbidity values derived from surface grab sampleRBDD Bypass Outfall
ranged from 3.1 to 18.3 NTWk(=4.6 NTU), 3.2 to 54.6 NTUx = 7.0 NTU) for the
Tehama Bridge site and 3.5 to 4.6 NTU £ 3.9 NTU) for the Gianella Bridge sit®ebris
loads from collected samples were generally lighthbderate, typically consisting of
detritus and aquatic vegetation.

Net sample depths for samples containing greegesburlarvae varied among sites,
and ranged from 1.5t0 2.1 m (= 1.7 m) at RBDD Bypass Outfall, 1.6 to 2.8 m£ 1.9 m)
at Tehama Bridge and 1.3 to 1.6 m£ 1.5 m) at Gianella Bridge (Table 4Yelocities
measured at the mouth of the D-net for samplesagung green sturgeon larvae ranged
from 0.8t0 1.4 m& (x = 1.3 m &) at the RBDD Bypass Outfall, 8 1.1 m& (x = 1.0 m
s1) at Tehama Bridge, and @@10.6 m& (x = 0.6 m &) at Gianella Bridge (Table 4).



Six hundred and forty-three green sturgeon larvarewaptured during the 2011
sampling period. One hundred and nineteen lai@&%%) were sampled from the RBDD
Bypass Outfall (RK 391), four hundred and sevemyes (74.2%) from Tehama Bridge (RK
369), and forty-seven (8.3%) from Gianella Bridg&arvae were sampled within a 95 day
period between May 23 and August 25, 2011. Sanvpées collected on 7 of 31 dates
within this period from RBDD Bypass Outfall, 20 &f dates from Tehama Bridge, and 5 of
9 dates from Gianella Bridge (Figure 1Ejifty-seven percent of all green sturgeon larvae
were collected following the lowering of the RBDRtgs. During the 95 day period of
capture, sampling did not occur on 39 days (41%)tduveekend non-sample days, RBDD
operations associated with the lowering of the dates on June 15, 2011, and reduced
effort to stay within 4(d) permit take restrictionslo samples were lost due to gear failure.
Overall sampling of the 2011 season was concludeSleptember 9, fourteen days after the
last larva was capturdéigure 11).

Total length of larvae sampled ranged from 22 tord® (x = 27 mm). Of 643
sturgeon sampled, 93 were direct mortalities, 1iewacrificed due to presumed sample
stress (i.e., not likely to recover) and 528 wedeased in good condition (Table 5). Five
sturgeon were transferred to the USBR river lalmoyafior use in a UCD juvenile habitat
study (NMFS 2009). Mortalities were analyzed ttneate green sturgeon spawn dates
(Wang et al. 1985, Deng et al. 2002). Estimatedvsying period, calculated from 110 mort
samples collected between May 23 and August 5, ,20&de between April 21 and July 3,
2011. Mortality rates differed greatly among sites, ramggirom 42% at RBDD Bypass
outfall to 12.2% at Tehama Bridge to 4.3% at GienBlidge & = 19.5%; Table 5).

Discussion

Three green sturgeon spawning areas were confirmib@ Sacramento River using
artificial substrate mats in 2011. Eggs were saohpbr the second consecutive year from
the Sacramento River at RK 426, for the third afrfgears at RK 391 (RBDD) and for the
first year at RK 332.5. Green sturgeon eggs wangpéed on multiple occasions from
multiple spawning events (Table 2) at one of thedlsites. Fdewer eggs were sampled in
2011 (N = 11) in comparison to 2016IE 105), 2009 = 56), and 2008N = 42).

However, sampling conditions in the Sacramento Riv2011 were more difficult than
previous years due to spring storms and varialsiehdrge resulting in a three week delay in
sampling(Figures 4-6).

Egg sampling surveys above RBDD.— Sampling was anticipated to begin mid-
March, well before first egg sample collection date2008 through 2010 (Poytress et al.
2009-2011). Initiation of sampling on April 12,0was based on inability to conduct
sampling at discharge levels above 578t Green sturgeon eggs were first collected 39
days following the initial egg mat deployment at RE6 on May 27, 2011Eggs were first
collected from RK 426, 35 river kilometers above BBDD, 19 days before the lowering of
the RBDD gates which create a barrier to upstreagnating sturgeon (Brown 2007A
total of nine green sturgeon eggs were sampled R&M26 between May 27 and June 20,
2011, indicating spawning occurred above RBDD leetord after the RBDD gates were
lowered on June 15, 2011 (Figure 4). Howeverpesdes of spawn timing based on egg



developmental analysis indicate three differentwspag events within a four week period
ending June 14, 20Xxior to the June 15 RBDD gate closifi@ble 2).

For the first time in four years of sampling, negn sturgeon eggs were sampled
from RK 424.5. Interestingly, acoustic monitoriaigd sonar data indicated a limited
presence of green sturgeon adults in this pooDirl2n contrast to prior years. Evidence of
spawning at RK 426 in 2011 reconfirmed the usdisfsite by green sturgeon for spawning
habitat. Future sampling efforts should contimuedek confirmation of additional spawning
areas upstream of RK 426 to determine the upperspastning site within the Sacramento
River system. DIDSON based acoustic surveys ineliadolding and possible spawning
area near the mouth of Cow Creek at RK 451 (E. Md2D, pers. comm.).

Egg sampling surveys at RBDD.— Four egg mats sampled this site for a total of 120
wmd with one green sturgeon egg sample collectedediately after sampling of this site
began on June 26, 2011. The single green sturgggmwas sampled by mats placed just
downstream of gate 3 and 4’s concrete abutmeras area similar to where two eggs had
been sampled in 2009 (Poytress et al. 2010). TBIEWS green sturgeon egg surveys over
the last 4 years have demonstrated that, on aveltegth of eggs collected is 5.3 metess
at RBDD compared to the other six sites where spaymas been confirmed.

Construction of a new pumping plant to supply wabethe Tehama Colusa Canal
Authority is scheduled to be completed in the gpoh2012 and purportedly will eliminate
the need to lower the RBDD gates ad infinitum (NMEE®9). According to this plan, adult
green sturgeon passage should no longer be comgedrand free access to all parts of the
Sacramento River will be unobstructed below Kesvidelkn (RK486) year round. As a
result, it is indeterminate if spawning at the d@nuytress et al. 2008-2011) in the last four
consecutive years will continue without the danplece. Poytress et al. (2009) hypothesized
that the hydraulics and substrates below the damiernore natural confirmed spawning
sites but with potentially increased rates of ptiedieon eggs and larvae as has been
confirmed with other anadromous species (e.g. nieehinook; Vogel et al. 1988 ucker
et al. 2003).

If construction of the new pumping plant at the RBBIite is completed and no
extension of the lowering of the RBDD gates is esjad (NMFS 2009), 2011 may be the
last year that green sturgeon spawn at RBDD. llthgiinteresting to note if spawning is
attempted in this area in 2012 without the damgkeered. Egg sampling plans for 2012
will attempt to determine if spawning continuestur or is abandoned at this site. This
could indicate significant site fidelity or beharabconditioning. In recent years, acoustic
telemetry based data (R. Corwin, USBR, pers. corhas)recorded adult green sturgeon
“ping-ponging” between this area and other confairpawning sites upstream and
downstream of the dam during late May to mid-Juhemthe gates have traditionally been
closed for the last 45 years.

The potential loss of the RBDD spawning site, whials been suggested to have

differential success rates between the east antisigdes of the river (Poytress et al. 2010),
will likely be overshadowed by the free access @dulll have to nearly 100 additional
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kilometers of potential spawning area upstreamBDR. Furthermore, the ability for adults
to safely navigate upstream of this area and “piogg” back to lower river sites without the
threat of direct mortality (by migrating downstreamder the formerly lowered dam gates)
should result in an overall net benefit to the SREN sturgeon.

Future monitoring of the effects of the pumpingnplan larval sturgeon passing the
intake facility of the pumping plant is highly reammended. Sampling of ‘screened’ water at
the forebay during night time periods may also digtd on screening efficiency of the new
“Chinook friendly” screens. Additional video basadvey work of the new screens could
also better determine potential impacts to lartaigeon passing this pumping facility.
Finally, green sturgeon larval monitoring usingargttraps at RBDD may be an effective
way to determine if production upstream of the ptaan successfully migrate past the new
facility in terms of simple presence and absentehcdata.

Egg sampling surveys below RBDD.— The single egg collected at RK 332.5
confirms a seventh spawning site overall in the&aento River between 2008 and 2011.
The egg sampled at RK 332.5 was the first egg seangfl the season with an estimated
spawn date of May 15, 2011, a month prior to th®RRjates being lowered. This newest
site at RK 332.5, 58.5 river kilometers below tHe®, resulted in an additional 34 river
kilometers of the Sacramento River containing coméid spawning habitat. Since 2008 and
including 2011 data, green sturgeon spawning hialétss been identified within a 94 river
kilometer reach of the Sacramento River. Futunepdiag efforts should reconfirm this site
with additional samples and continue to determingeldwermost spawning site within the
Sacramento River system during alternate watertypas. Spring outflow and subsequent
river water temperatures may be a vital factordifg the distribution and success rate of
SDPS green sturgeon spawning in the middle or loeaches of the Sacramento River.

Analyses of 2007-2011 adult green sturgeon acotedgémetry data does not indicate
holding or potential spawning areas, defined asreded use of specific habitat, below
Gianella Bridge (RK 320.6; M. Thomas, UCD, peranoo.). Future egg sampling in the
GCID area should seek to confirm this indirect gatd identify if spawning can be detected
below Gianella Bridge (RK 320.6).

Schafter (1997) detected spawning of white sturgldpenser transmontanus,
between RK 222.9 and RK 251.2 of the SacramenterRwth movements of radio-tagged
fish as high as RK 293. Vogel (2008) sampled astuitgeon for a telemetry study near
GCID between 2003 and 2006 and sampled white starge far as RK 264. Presently, it
appears there is some overlap in spawn timingspatial overlap of spawning grounds
appears doubtful between the two species (whitekihorst 1976, Schafter 1997; green:
Poytress et al. 2009-2011). Determination of spagvhabitat overlap or segregation
between the two species may discern important &ata@lated variables or niches in the
Sacramento River and should be pursued to bettlrstand the habitat needs and basic life
history attributes that separate these two species.

Spawning substrate surveys— UVC surveys conducted at RK 338 showed large
deposits of sand within the backwater eddies dreegide of the pool and on the
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downstream edge of the pool (RR9-13; MC9-16; RL4HiQure 9). Substrate similar to
spawning micro-habitat described by Poytress €2A0D9-2011) was located in a small area
between waypoints MC16-20 (Figure 9). High watgouity in this area assumedly
prevents the buildup of sand leaving clean, smoathédium sized gravel. Egg sampling at
RK 338 didn’t detect any eggs, however there wiamiéed number of samples collected
from this micro-habitat between waypoints MC 16¢E@ure 7). Mats were primarily
placed downstream onto sandy substrates and waex partially or completely buried with
sand in most samples, likely hindering their apild collect eggs. Moreover, no adult green
sturgeons were observed at this site breachingjdiyle acoustic telemetry receivers, or by
sonar equipment.

RK 332.5 contained only surface turbulence (i.e.standing waves) and was
somewhat different than other spawning locatioesiified by Poytress et al. (2009-2011).
Confirmed spawning areas such as RK 426, 424.554377, and 366.5 have an armored
(eithernaturally or man-made) upstream bank which funtiegiver’s flow producing high
water velocities and vortices. As a result, laiigep pools often with standing waves,
backwater eddies, and a pool tail crest are fornidee river at RK 332.5 does not have a
pronounced constriction point, >0.15 m standingegaand/or large turbulent vortices and
resembles the habitat above the confluence of Deszk (RK 354). Egg mat surveys in
2009 did not document spawning activity at RK 3&4 area known to hold small annual
aggregations of green sturgeon. The 2009 sunatsdead Poytress et al. (2010) to
suggest the presence of standing waves may bef @@®aral important characteristics of
green sturgeon spawning habitat. However, theicoafion of spawning at RK 332.5
suggests the importance of standing waves mayb&d or indirectly support green
sturgeon spawning habitat.

Mat placement in 2011 was directed by acoustidaliged fish data and angler catch,
not substrate surveys as they were performed gogssampling. UVC surveys identified
medium sized gravel substrate, suggested to baporiant green sturgeon spawning habitat
component (Poytress et al. 2010) throughout theesuarea at RK 332.5 (RR6-23; MC1-16;
Figure 10). Furthermore, egg sampling confirmexube of this substrate by collecting a
single egg near MC8 (Figure 10). Spawning presuymatrurred upstream between
waypoints RR7-23 or MC 8-16 (Figure 8). Based wibsrate surveys, egg mat sampling
primarily targeted the lower section of the potainspawning habitat at RK 332.5 and a large
proportion of the area remained unsampled (Figlire 8

Spatial and temporal distribution patterns of larvae— The greatest total capture of
green sturgeon larvae in four seasons of effortacageved using a benthic D-net in 2011.
A combined total of 643 green sturgeon larvae vgarapled from the RBDD Bypass
Outfall, Tehama Bridge, and Gianella Bridge (TableLarvae had previously been
collected at RBDD Bypass Outfall and Tehama Briehg2010 (Poytress et al. 2011). For
the second consecutive year, larvae were sampledaoperiod of three months at two
locations (Figure 11) over a distance of 22 rivitorketers (Figure 1)Samples were
collected at both locations beginning in May andieg in August. The first capture on May
23, 2011 at the RBDD Bypass Outfall (RK 391) ocedrseven days later and was initiated
as a result of larvae collections at the RBDD rpteaips (~500 meters upstream) on May 16,
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2011. Egg sampling did not detect spawning agtatthe 2011 sites until May 18, 2011
downstream of the D-net and rotary trap site. Bgere not collected upstream of the larval
capture sites until May 27, 2011. These data sstgbat initial spawning events were not
detected by our egg sampling efforts, but do appeasistent with the timing of spawning in
April which has been documented consistently intkinee prior years (Poytress et al. 2009-
2011).

The temporal distribution pattern of green sturgkeonae sampled in the benthic D-
net resembles a nearly identical pattern exhitbtedaptures in the rotary traps at RBDD
(Figure 11). Although fairly consistent with the BB Bypass Outfall sample site (located
500 meters downstream of the rotary traps at RBEi2) migration pattern is very consistent
in trend and magnitude for the Tehama Bridge cagtas well (Figure 11). Interestingly,
both sample gears sampled larvae for two distieabds (mid-May to mid-June and July
through late-August) with a sixteen day period ofcaptures by either gear. These data
suggest that two distinct spawning events (eartylate season) may be occurring and
spawning may be driven by environmental variabiehsas flow, temperature, moon phase,
or day/night length.

In light of regulatory agency concerns pertainioghtte impacts of sampling on early
life stage green sturgeon, it would appear readenaltiscontinue D-net larval sampling in
future years to determine annual emergence timirige 2009-2011 data has consistently
demonstrated that rotary traps sampling for Chirgadknon at RBDD are a reliable and
appropriate source for this data. Future D-netpdiaugn activities should focus exclusively on
locations upstream of known spawning areas (eetly;s) Ferry Bridge, Ball's Ferry Bridge
or Bonnyview Bridge), with the goal of determinimpether additional upstream habitat is
currently being utilized by adults and supportingeessful recruitment. Additional
emphasis of D-net sampling should focus efforthfertdownstream to determine the spatial
extent of the first redistribution of larvae froratbhing grounds as was done at Gianella
Bridge in 2011. The mid-season addition of thimgk site successfully determined that late
season larvae migrated below the GCID diversionnmegg and ending at a similar time to
the late season catch of larvae in RBDD rotarysti&igure 11).

Nocturnal distribution patterns.— Laboratory observations of increased larval green
sturgeon activity during the night time period (Maenennaam et al. 2001; Kynard et al.
2005), coupled with documented migration activityraltiple sturgeon species at or near
the river bottom (Kohlhorst 1976; LaHaye et al. 298chaffter 1997; Auer and Baker 2002;
and Deng et al. 2002) were the primary driversofarnocturnal benthic sampling efforts.
Although standard D-net sampling occurred primasgyween the hours of 20:00 and 01:00
each night, the protocol planned for sampling @seeone hour after the last green sturgeon
capture.Permitted take restrictions issued by CDFG and NGAgkeries, under the 4(d)
permit rules for take of green sturgeon, limitethplng effort by one night per week as
exceedance of take levels appeared imminent. if$tenfght of sampling in 2011 resulted in
the capture of 45 larvae; compared to 62 indivislirathe entire 2010 sample season.
Sampling efforts concluded by 02:00 each nightrdp#011, eliminating our ability to
obtain complete nocturnal distribution data on wdygteared to be a second peak of activity
as detected by Poytress et al. (2011). The aforBomed permit restrictions curtailed data
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collection and limited our ability to analyze noctal distribution patterns of green sturgeon
larvae.

Sample comparison of targeted and non-targeted larval surveys.— Green sturgeon
larval samples collected by D-net at three siteksratary traps at RBDD revealed a number
of similarities. Already noted above, there wasriking similarity in the temporal
distribution pattern of captures between the twar ggpes and three sites.

Larval green sturgeon catch during the 2011 seasasrthe highest on record for D-
netting (N = 643) from the last four years and rotary tragd = 3,700) from the last 16
years. Green sturgeon relative abundance estifatestary trapping (catch per unit
volume; Gaines and Martin 2002) and D-netting (cqer unit effort; Hubert 1996), which
have typically been low for both methods, were mhigfiner in 2011 than all previous years.
Comparing the last four years where both methods employed simultaneously revealed a
strong trend in relative abundance values and staatially greater index of abundance for
2011 (Figure 12). Although a number of variablestdbute to relative abundance measures
(e.q., catchability), it is hypothesized that 2@iEIng the first ‘wet’ year following multiple
‘below normal’ water years (according to the Caliia Department of Water Resource’s
Sacramento River Water Year Indettp://cdec.water.ca.gov/cqgi-progs/iodir/WSIHIST
contributed greatly to the production of larvaeedétd by the two gear types in the upper
Sacramento River. Additionally, for the rotaryprdata, catchability may have been greater
in 2011 than other years as spawning was confirmiacegg mat sampling, to have occurred
directly upstream of the east margin trap.

Rotary trap data from 2011 revealed two distind¢tguas of abundance. The initial
migration of larvae was detected by the full am&jour traps across the river transect. The
second, or late season, migration was sampled akwokisively by a single trap placed in
the east margin immediately downstream of wheresitngle egg was sampled at RBDD in
2011. It would appear reasonable to assume tlondenigration was made up of the
hatchlings from the RBDD spawning site. Followthg assumption coupled with the
estimated spawn date of the egg sampled immediapstyeam of the trap (June 26, 2011),
the data indicates dispersal from the hatching beg@ns within 18 days of egg deposition
with a peak in dispersion at approximately 23-2ysdarhe dispersal period indicated by
rotary trap data suggests initial dispersion fratching areas is complete within 35 days of
deposition.

Corresponding total length data for all sites eitbibthe same pattern as in 2010 with
a median size of 27 mm for all sites (Table 4) eSédata further the assumption that larvae
are redistributing from hatching areas and nowattimoving downstream long distances to
feeding or rearing areas. These data suggest reemdyged green sturgeon larvae have the
required food resources within the upper river nigithe late summer and fall. Moreover,
the abrupt cessation of larval movement as deteuniryy downstream sampling techniques
such as passive D-nets and rotary traps suggest tise may be moving upstream to forage
for a period of time as noted in Kynard et al. (208&fter the initial dispersion. As noted in
Poytress et al. (2011), it is likely that our saimglefforts do not capture a true downstream
migration to juvenile rearing and overwinteringaseas was suggested by Kynard et al.
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(2005). Directed sampling effort using D-nets dddae discontinued in 2012 during the
initial dispersal period provided rotary traps er@peration, as they provide adequate
temporal distribution and hatching success datdurg D-net effort should be focused more
so in the fall as water temperatures decrease bEIS®@ and fish reach the 180 day post
hatch period as noted by Kynard et al. (2005) witesas hypothesized that juvenile green
sturgeon migrate to overwintering areas. Thesatsftould provide the next portion of life
history information which is currently lacking f&DPS green sturgeon.

I mpacts of research and monitoring.— Of considerable concern, particularly
amongst regulating and permitting entities, isifiseie of take and incidental mortality of
Threatened SDPS green sturgeon. As noted in NOS#igieon Research Protocols for
Shortnose, Atlantic, Gulf and Green Surgeons (Kahn and Mohead 2010), sampling the early
life stages using D-netssumes 100% mortality but “can be non-lethal”. Samplwoiftthis
delicate life stage of fish is difficult to perforwithout deleterious effects to individuals.

The 2011 data collected by the USFWS revealed aknetable differences in the
mortality of individuals sampled by D-nets and rgtaaps. For instance total mortality
associated with D-net sampling was 17%, includimggé individuals that were sampled and
found to be in poor physical condition (i.e., lasacrificed). This total mortality value was
highly skewed as a result of the RBDD Bypass Olusit¢ which accounted for 45% of the
2011 mortality, yet only 25% of the 2011 catch ([Ba). By comparison, the Tehama
Bridge site accounted for 55% of the 2011 mortalst 75% of the 2011 catch (Table 5).
The considerable difference in mortality rates leswthese sample sites is presumably
attributed to the rougher conditions larvae expeeel in sample gear when sampled in the
higher water velocities present at RBDD (Table @n average, the velocities at RBDD
were 44% greater than at Tehama Bridge and 216&tegrdhan at Gianella Bridge (Table 4)
which had the lowest mortality rate of only 4% loé total catch.

Incidental mortality values related to USFWS RBLQiDary trapping over 15 years
have historically been highly variable, rangingnfr0.74% to 54.1%x = 18.3%) annually.
The mortality rate for 2011 rotary trap samplingsvizd..4% (Table 5). Sample effort was
reduced and additional shifts were added, couplgdsupplementary custom built sturgeon
refuges to maintain an acceptable level of moytalithe ability to successfully sample
fragile age-0 larvae allowed the USFWS to tran6€elive green sturgeon to the USBR,
(Table 5) for use in additional research to be catetl by UCD (NMFS 2009).
Furthermore, incidental mortality specimens frortarg trapping N = 790) and D-net
sampling N = 110) were provided to UCD for genetics testitsgael et al. 2004) and for
kinship reconstruction and estimating breeding petpan size (Israel and May 2010) as
required under the NMFS OCAP BO RBDD mitigations@aable and prudent measures
(NMFS 2009).

15



Acknowledgments

The United States Bureau of Reclamatied Bluff Office, through the Fish and
Wildlife Coordination Act provided funding for thigroject. Numerous individuals helped
with development, implementation, and analysisatadlerived from this project including,
but not limited to: Felipe Carrillo, Charles Ellj@&ierra Franks, Jeremy Haley, Dr. Joshua
Israel, Doug Killam, Dr. Pete Klimley, Josh Ols€had Praetorius, Geoffrey Schroeder,
Mike Thomas, Jennessy Toribio, and Scott Voss.eMalnd Robert Emge, and Jim Smith
provided logistical and programmatic support. Weerely appreciate the support provided
by the Red Bluff Diversion Dam and Shasta Lake USBH, especially Richard Corwin,
Robert Chase, Paul Freeman, Steve Quitiquit andR3smk.

16



Literature Cited

Auer,N.A., and E.A. Baker. 2002. Duration and drifiarfval lake sturgeon in the Sturgeon
River, Michigan. Journal of Applied Ichthyology:587-564.

Brown, K. 2007. Evidence of spawning by greemgstan,Acipenser medirostris, in the
upper Sacramento River, California. EnvironmeBialogy of Fishes 79:297-303.

BRT (Biological Review Team). 2005. Green sturgésnipenser medirostris) status review
update. NOAA (National Oceanic and Atmospheric Adgistration), National Marine
Fisheries Service, Southwest Fisheries Servicegtehanta Cruz, California.
Available: www.nmfs.noaa.gov. (July 2007).

Deng, X., J.P. Van Eenennaam and S.I. Dorosho@2.2Comparison of early life stages
and growth of green and white sturgeon. p. 237-B48N. Van Winkle, P.J.
Anders, D. H. Secor, and D.A. Dixon (editors) Bigy, Management, and Protection
of North American Sturgeon. American Fisheriesi&g¢c Symposium 28, Bethesda,
Maryland.

Dettlaff, T.A., A.S. Ginsburg, and O.l. Schmalhausd993. Sturgeon Fishes:
Developmental Biology and Aquaculture. Springeri&g, New York. 300 p.

Dunne, T. and L.B. Leopold. 1978. Water in Enmimental Planning. W. H. Freeman and
Company. New York. 818 p.

Gaines, P.D. and C.D. Martin. 2002. Abundancesmastonal, spatial and diel distribution
patterns of juvenile salmonids passing the RedfB)ifersion Dam, Sacramento
River. U. S. Fish and Wildlife Service, Red BIUTfA. 178 pp.

Groves, P.A., and A.P. Garcia. 1998. Designsviar ¢arriers used to deploy an underwater
video camera from a boat. North American Jourh&isheries Management
18:1004-1007.

Groves, P.A. and J.A. Chandler. 1999. SpawningitebUsed by Fall Chinook Salmon in
the Snake River. North American Journal of FisfeManagement 19:912-922.

Hallock, R.J., W.F. Van Woert, and L. Shapolov.619 An Evaluation of Stocking
Hatchery-reared Steelhead Rainbow Tr@&atrfo gairdnerii gairdnerii) in the
Sacramento River System. California Departmemiisti and Game. Fish Bulletin
114. 74 p.

Heath, M.R. and J. Walker. 1987. A preliminanydst of the drift of larval herringdupea

harengus L.) using gene-frequency data. Journal du Comsetnational pout
I'exploration de la Mer 43:139-145.

17



Hempel, G. 1979. Early life history of marinehfithe egg stage. Washington Sea Grant
Program, Seattle, Washington.

Hjort, J. 1914. Fluctuations in the great fishsrof northern Europe viewed in the light of
biological research. Conseil International potxploration de la Mer Rapports et
Proces-Verbaux des Reunions 20:1-228.

Hubert. W. A. 1996. Passive Capture Techniqureges 157-19 B.R. Murphy and D.
W. Willis, editors. Fisheries Technique& &dition. American Fisheries Society,
Bethesda, Maryland.

Hublein, J.C., J.T. Kelly, C.E. Crocker, A.P. Klieyiand S.T. Lindley. 2009. Migration of
green sturgeorAcipenser medirostris, in the Sacramento River. Environmental
Biology of Fishes 84:245-258.

Israel, J.A., J.F. Cordes, M.A. Blumberg, and ByM&2004. Geographic patterns of genetic
differentiation among collections of green sturgedorth American Journal of
Fisheries Management 24:922-931.

Israel, J.A. and B. May. 2010. Indirect genetitiraates of breeding population size in the
polyploidy green sturgeom¢ipenser medirostris). Molecular Ecology 19, 1058-
1070.

Kahn, Jason, and Malcolm Mohead. 2010. A ProtomoUse of Shortnose, Atlantic,
Gulf, and Green Sturgeons. U.S. Dep. Commerce, NO&¢h. Memo. NMFS-OPR-
45, 62 p.

Kohlhorst, D.W. 1976. Sturgeon spawning in ther&aento River in 1973, as determined
by distribution of larvae. California Departmerittash and Game 62:32-40.

Kynard, B., E. Parker, and T. Parker. 2005. Bebraoi early life intervals of Klamath River
green sturgeorAcipenser medirostris, with a note on body color. Environmental
Biology of Fishes 72:85-97.

LaHaye, M., A. Branchaud, M. Gendron, R. Verdord &1 Fortin. 1992. Reproduction,
early life history, and characteristics of spawngngunds of the lake sturgeon
(Acipenser fulvescens) in Des Prairies and L’Assomption rivers, near Meal,
Quebec. Canadian Journal of Zoology 70:1681-1689.

May, R.C. 1974. Larval mortality in marine fisheasd the critical period concept. Pages 3-
19in J. H. S. Blaxter, editor. The early life histarfyfish. Springer-Verlag, Berlin.

McCabe, G.T., and L.G. Beckman. 1990. Use ofraficzal substrate to collect white
sturgeon eggs. California Department of Fish aath&76(4):248-250.

18



Moffett, J.W. 1949. The First Four Years of KiBgimon Maintenance Below Shasta Dam,
Sacramento River, California, California DepartmeifEish and Game 35(2): 77-
102.

National Marine Fisheries Service (NMFS). 2006d&mgered and threatened wildlife and
plants: threatened status for southern distinctifajon segment of North American
green sturgeon. Federal Register 71:67(7 April 200657-17766.

National Marine Fisheries Service (NMFS). 2009ol&jical Opinion on the Long-term
Central Valley Project and State Water Project @pens Criteria and Plan. NOAA
(National Oceanic and Atmospheric Administratiddational Marine Fisheries
Service, Southwest Fisheries Service Center, LazarB, California.

Poytress, W.R., J.J. Gruber, D.A. Trachtenbarg,JaRdVan Eenennaam. 2009. 2008
Upper Sacramento River Green Sturgeon Spawningt&tamd Larval Migration
Surveys. Annual Report of U.S. Fish and Wildliler8ce to US Bureau of
Reclamation, Red Bluff, CA.

Poytress, W.R., J.J. Gruber, and J.P. Van Eenennaat®. 2009 Upper Sacramento River
Green Sturgeon Spawning Habitat and Larval MigraSarveys. Annual Report of
U.S. Fish and Wildlife Service to U.S. Bureau otRenation, Red Bluff, CA.

Poytress, W.R., J.J. Gruber, and J.P. Van Eenenna@afri. 2010 Upper Sacramento River
Green Sturgeon Spawning Habitat and Larval MigraSarveys. Annual Report of
U.S. Fish and Wildlife Service to U.S. Bureau otRenation, Red Bluff, CA.

Reyes, René C. 201Dichotomous Key to Fish Eggs of the SacramentoJsaquin River
Delta. Tracy Fish Collection Facility Studies. Tyaechnical Bulletin 2011-1. U.S.
Bureau of Reclamation, Mid-Pacific Region and DenMechnical Service Center. 35

pp.

Schaffter, R.G. 1997. White sturgeon spawningratigns and location of spawning habitat
in the Sacramento River, California. CaliforniglFand Game 83:1-20.

Tucker, M.E., C.D. Matrtin, and P.D. Gaines. 20@Gpatial and temporal distribution of
Sacramento pikeminnow and striped bass at the Rétilversion Complex,
including the Research Pumping Plant, SacramenterRCalifornia: January, 1997
to August, 1998. Red Bluff Research Pumping PRefiort Series, Volume 10. U.S.
Fish and Wildlife Service, Red Bluff, California.

Van Eenennaam J.P., M.A.H. Webb, X. Deng, S.l. Boow, R.B. Mayfield, J.J Cech Jr,
D.C. Hillemeier and T.E. Wilson. 2001. Artificigpawning and larval rearing of
Klamath River green sturgeon. Transactions ofAimerican Fisheries Society.
130:159-165.

19



Van Eenennaam, J.P., J. Linares-Casenave, X. @edds.l. Doroshov. 2005. Effect of
incubation temperature on green sturgeon embA@penser medirostris.
Environmental Biology of Fishes 72:145-154.

Vogel, D.A., K.R. Marine, and J. G. Smith. 198dsh Passage Action Program for Red
Bluff Diversion Dam, Final Report on Fishery Invgstions. USFWS Report No.
FR1/FAO-88-19. October 1988. 10 p.

Vogel, D.A. 2008. Evaluation of adult sturgeorgmation at the Glenn-Colusa Irrigation
District Gradient Facility on the Sacramento Rivdlatural Resource Scientists, Inc.
April 2008. 33 p.

Wang, Y.L., F.P. Binkowski, and S.I. Doroshov. %9&ffect of temperature on early
development of white and lake sturge@aipenser transmontanus andA. fulvescens.
Environmental Biology of Fishes 14:43-50.

Wang, Y.L., R.K. Buddington, and S.I. Doroshov.8T9 Influence of temperature on yolk

utilization by the white sturgeoAgipenser transmontanus. Journal of Fish Biology
30:263-271.

20



Tables

21



Table 1. Summary of green sturgeon egg sampling effort in wetted mat days (wmd; one sampler set for 24 hours), total number of green

sturgeon eggs sampled by site (GST Eggs) and catch per unit effort (CPUE) at five sites on the upper Sacramento River, CA.

Sample CPUE

Location Habitat  Start Date End Date Egg Mats (N) Effort (wmd) GST Eggs (eggs/wmd)
Ink’s Creek (RK 426) Pool 4/12/11 7/18/11 4 291.0 9 0.031
Massacre Flats (RK 424.5) Pool 4/12/11 7/18/11 4 282.8 - 0.000
RBDD (RK 391) Dam?® 6/26/11 7/29/11 4 119.6 1 0.008
Lone Oak (RK 338) Pool 4/12/11 7/15/11 4 240.6 - 0.000
GCID Hole (RK 332.5) Pool/Glide 4/12/11 7/15/11 4 309.4 1 0.003
Total 20 1,243.4 11 0.043

& Unconventional microhabitat at quasi-natural site; directly downstream of RBDD below dam gate hydraulics.
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Table 2. Summary of estimated spawn date/time for green sturgeon egg samples collected on the upper Sacramento River, CA. Estimated
spawn date and estimated hours post fertilization was back calculated based on stage of embryogenesis (Dettlaff et al. 1993), developmental
rates of green sturgeon (Deng et al. 2002), and mean daily Sacramento River water temperatures. Comments describe additional information
related to developmental stage of the embryo.

Estimated Est. Hrs

Date Location Egg Count Spawn Date post Fertil. Stage Comments
5/18/11 RK 332.5 1 5/15/11 60 21 Early neurulation
5/27/11 RK 426 1 5/24/11 - - Fungused eqg; fertilization indeterminate
5/27/11 RK 426 1 5/24/11 - - Not viable, appeared fertilized, died.
6/13/11 RK 426 1 6/10/11 - - Not viable, appeared fertilized, died.
6/13/11 RK 426 1 6/10/11 - - Not viable, fertilization indeterminate
6/13/11 RK 426 1 6/10/11 60 21 Early neurulation
6/13/11 RK 426 1 6/10/11 60 21 Egg partially burst in EtOH. Early nearulation.
6/20/11 RK 426 1 6/14/11 144 35 Post hatch larvae; total length 13.2 mm
6/20/11 RK 426 1 6/14/11 144 35 Post hatch larvae
6/20/11 RK 426 1 6/14/11 144 35 Post hatch larvae
6/29/11 RK 391 1 6/26/11 60 21 Early neurulation

Total 11
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Table 3. Summary of egg mat sample depths and green sturgeon egg sample depths recorded during the 2011 green sturgeon egg mat
sampling season.

Sample Depths (m) GST Egg Sample Depths (m)
Sample Location Microhabitat ~ Minimum  Average Maximum Minimum Average Maximum
Ink’s Creek (RK 426) Pool 1.3 6.4 12,5 7.7 9.3 11.1
Massacre Flats (RK 424.5) Pool 2.7 6.7 14.5 - - -
RBDD (RK 391) Dam? 0.7 1.6 3.6 - 2.0 -
Lone Oak (RK 338) Pool 35 7.3 11.6 - - -
GCID Hole (RK 332.5) Pool/Glide 3.6 6.4 9.9 - 7.1 -

& Unconventional microhabitat at quasi-natural site; directly downstream of RBDD below dam gate hydraulics.

24



Table 4. Benthic D-net sample effort, green sturgeon (GST) catch, catch per unit effort (CPUE), median total length (TL), net depth and water
velocity for samples containing green sturgeon larval during 2011 on the Sacramento River, CA.

Depth (m) Velocity (m/sec)
Sample Effort GST TL
Type Sample Site (min) Catch CPUE (mm) Min Ave Max Min Ave Max
Standard RBDD Bypass Outfall (RK 391) 8,393 119 0.014 27 15 17 2.1 0.8 1.3 1.4
Standard Tehama Bridge (RK 369) 9,472 477  0.050 27 16 19 2.8 0.8 1.0 1.1
Exploratory ® Gianella Bridge (RK 320.6) 2,139 47 0.022 27 1.3 15 1.6 0.4 0.6 0.6

Total 20,004

643

0.086

a Exploratory sample site initiated mid-season due to 2011 4(d) permit green sturgeon take restrictions imposed by CDFG and NOAA Fisheries.
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Table 5. Disposition of 2011 green sturgeon larvae sampled by benthic D-net and rotary traps on the upper Sacramento River, CA.

Mortality Live
Sample Gear Sample Site Total Direct Sacrifice ® % Mort Transfer Release
Benthic D-net RBDD Bypass Outfall (RK 391) 119 42 8 42.0 - 69
Rotary Trap RBDD (RK 391) 3,700 790 - 21.4 55 2,855
Benthic D-net Tehama Bridge (RK 369) 477 49 9 12.2 5 414
Benthic D-net Gianella Bridge (RK 320.6) 47 2 - 4.3 - 45

& Larvae sacrificed were euthanized as determined to be unlikely to recover from sampling stress.
b Larvae transferred to U.S. Bureau of Reclamation facilities for further research to be conducted by University of California Davis (NMFS 2009).
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2011 Green Sturgeon Sampling Locations

g W

Shasta Lake

Whiskeytown Lake

$—Keswick Dam (RK 486)

Cow Creek
( Bear Creek
Clear Creek
Battle Creek
Cottonwood Creek
N
RK 426P 's Creek
W —F ; ayne's Cree
RK 424.5
S
Antelope Creek
\
Red Bluff N
N . -,
Enlarged Area Biversion

; Dam (RK 397)

Mill Creek

Tehama Bridge (RK 369) Deer Cree

@ Egg Mat Site
e  Experimental Larval Site RK 338

# Standardized Larval Site

Gianella Bridge
o4 (RK 320.6)

=5

Dams (RK 332.5)

s Kilometers
0255 10 15

Figure 1. Green sturgeon egg and larval sample sites on the upper Sacramento River, CA.
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2011 Sacramento River Green Sturgeon Egg Sample Col lection Dates
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Figure 2. Temporal distribution of green sturgeon egg samples collected at Ink’s Creek (RK 426; red bars), RBDD (RK 391; blue bar), and GCID
(RK 332.5; green bar) on the Sacramento River, CA. Black vertical line indicates RBDD gate closure on June 15, 2011.

29



No. of Samples

Sacramento River Green Sturgeon Egg Sample Depths
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Figure 3. River depths of green sturgeon eggs sampled from egg mats at Ink’s Creek (RK 426; red bars), RBDD (RK 391; blue bar), and
GCID Hole (RK 332.5; green bar) on the Sacramento River, CA for the period May 18 - June 29, 2011.
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Sacramento River Conditions Above RBDD and Estima
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Figure 4. Sacramento River mean daily flow (dark blue) and mean daily temperature (red) at Bend Bridge gauging station. Inverted triangles
indicate estimated spawning dates for Ink's Creek (RK 426; red). Black vertical line indicates RBDD gate closure on June 15, 2011.
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Sacramento River Conditions Below RBDD and Estimat  ed Spawning Date
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Figure 5. Sacramento River mean daily flow (dark blue) and mean daily temperature (red) at Bend Bridge gauging station minus RBDD

diversions (when applicable). Inverted triangles indicate estimated spawning dates for RBDD (RK 391; blue). Black vertical line indicates RBDD
gate closure on June 15, 2011.
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Sacramento River Conditions Near GCID and Estimate  d Spawning Dates
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Figure 6. Sacramento River mean daily flow (dark blue) and mean daily temperature (red) at Vina-Woodson Bridge gauging station. Inverted
triangles indicate estimated spawning dates for GCID Hole (RK 332.5; green). Black vertical line indicates RBDD gate closure on June 15, 2011.
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Figure 7. Underwater video tracks and egg mat sampling locations (yellow dots) at Lone Oak (RK
338). White squares represent the location of underwater video snapshots (Figure 9). Black circle
indicates area of small to medium gravel substrate.
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Figure 8. Underwater video tracks and egg mat sampling locations (yellow dots) at GCID Hole
(RK332.5). White squares represent the location of underwater video snapshots (Figure 10). Red
star denotes the location of the green sturgeon egg sampled on May 18, 2011.
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Figure 9. Underwater video camera snapshots of substrate at Lone Oak (RK 338).
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Figure 10. Underwater video camera snapshots of substrate at GCID Hole (RK 332.5).

37



2011 Green Sturgeon Larvae Seasonal Distribution Pa  ttern
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Figure 11. Green sturgeon larvae catch distribution pattern. Rotary trap sampling was conducted throughout 2011 and green sturgeon were
caught between May 16 through August 29. D-net sampling occurred from May 23 through September 9 at the RBDD Bypass Outfall (RK 391)
and Tehama Bridge (RK 369). Sampling was conducted beginning July 13 at Gianella Bridge (RK 320.6) one night per week as a result of 4 (d)

permit restrictions.
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Annual D-nat and RST Sturgeon Larvae Catch Comparison
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Figure 12. Comparison of D-net catch per unit effort (sturgeon/hr) and rotary trap catch per unit volume (sturgeon/acre-foot) for the period of May
through August 2008-2011. No sturgeon were sampled by rotary traps in 2008. Sacramento River Valley Water Year Index in parenthesis.
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