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Abstract— Three spawning sites of Southern Distinct PoputatBegment green
sturgeon,Acipenser medirostrisyere confirmed in the upper Sacramento River,fQalia
in 2008. Forty-two positively identified eggs wesampled by artificial substrate mats with
placement guided by use of real-time acoustic tetgmdata. Spawning events were
estimated to have occurred several river kilometgrstream and downstream of the Red
Bluff Diversion Dam (RBDD) prior to, and subsequéof the May 15 seasonal dam gate
closure. Spawning was estimated to have occuiredtly below RBDD more than a month
after the gate closure. The temporal distribupattern suggested by this first of three year
study indicates spawning of green sturgeon ocawrs fApril through July. Egg samples
were collected in distinct microhabitats from twettural sample sites at water depths ranging
from 2.9 to 7.6 mX = 4.5 m), whereas a single egg sampled directipvbdRBDD was
sampled at a depth of 0.6 m. Sacramento Riversflamd temperatures ranged from 240.7 to
352.3 ms* (x = 293.1 nis?) and 10.1 to 17.6°Cx(= 13.9°C) during the estimated
spawning period. Qualitative substrate surveysgian underwater video camera and direct
observation consistently indicated medium sized/gjras the dominate substrate material
green sturgeon eggs were sampled from. Samplindriiting larvae using a benthic D-net
proved minimally successful with a total catch ofif green sturgeons between June 17 and
July 15. All larvae were sampled from the solitamd-channel habitat site directly below
RBDD. Two sample sites upstream and two furthevrddream of the RBDD resulted in a
catch of zero green sturgeon larvae. Limited edirgnd low spring discharge in 2008 was
hypothesized as resulting in a low density of spaginadults and subsequently low
production of recruits which has been noted in otheer systems supporting a variety of
sturgeon species.



Table of Contents

Y 0111 = Vo PP i
I 0 B 1= 1 o] L= TP PPOPPPPPP %
LISE OF FIQUIES ...ttt e e e e e e e e e Vi
1o o [ o i o] o PO OTPPPPPP 1
(@ o] =Tox 1LY PP 1
Y 10 [0 |V A £ USSR 2
1Y/ L] £ T T 3RO PP PUPUPPURRT 2
EQQ SAMPIING SUNVEYS. . etueiteetietnitteetierteeseeteetesarerneeteetesnseseetiesneesneetaerteesnreanns 2..
SPAWNING SUDSIIAIE SUIVEYS. ... ettt et e e e e et r e e e e e e e e eareeeaeannn 4
Larval Migration SUMVEYS. .. v ettt ette et ts s e et saeaa e e st s e e st se e e eaanensaeanenanenen 5
R SIS e e e e ettt ——————t b b e e e e aaaeeas 6
EQQ SAMPIING SUNVEYS. . etueiteitietnttteetierteeseetieet et rerneeteetiesnsereetiesneesretaernaesnreanns 6..
SPAWNING SUDSIIAIE SUMNVEYS. . v uvieiniiinisititiaie st st s s s re e s s s sare e e s ssasasararens 8
Larval Migration SUMVEYS. ... v ettt etsteea et ratae et e aaa e e sa s st e s tasea e e assnesaennenenenen 8
Do U 1] o] o OSSO U PPPUPPRPRTRRR 9
EQQ SAMPIING SUNVEYS. . etuiteitietneiteetierteeteetieetesarerneeteetiesnsetaestiesneesneetaerteesnreanns Q..
SPAWNING SUDSIIAIE SUIVEYS. ... e ettt et e e et e s e e e e a e e e e e e e eeeaeanananens 12
Larval MIgration SUMNVEYS. .. uuueerneererneerneeteeneesnreteetssneesnnsesnsetaeeseesnsesaresnesnresneesaeenrees 13
Conclusions and Preliminary Management Implicatians..............cccoeeeevieevieiiiinnnnes 4.1
ot L0111 F=T o o 0 = £ 16
LItErature CILEA .....cooe et eee ettt e e e e e e e e e e e e e e e e e e e e eeeeeeseerennnnns 17
TADIES ... e —— et e e e e e e ettt e e e e e e e e s 22
FIgUIES . .t e e e e e e e e e et ettt e e ettt —nn e e e e e e aaaeeees 32
Y o] o 1= T [ U 44
Appendix | (LiSt Of TADIES)........uuuuiiiiiimmmm et e e e e ee e e e e e eeeeeens 45



List of Tables

Table Page

1.

Weekly rotational green sturgeon larval sampiiragrix for the period May 26 — August
29, 2008. Sites were sampled Tuesdays and Thugsdaye mid-channel (M) or at
bridge pilings on the river right (R) or river I€ft) at RK 429 (Jelly’s Ferry), RK 415
(Bend), RK 391 (RBDD), and RK 369 (Tehama). Santiphes were between 21:39 and
00:53 (T)) and 00:41 and 04:54 f).......ooveureeeiiiieee e e e e e e 23

Summary of green sturgeon egg sampling effontgtted mat days (one sampler set for
24 hours) at three sites on the upper Sacramentr FGA. ...........cooovviiiiiiiiiiiiinnnnn. 24

Summary of estimated spawn date/time for grégngeson egg samples collected in the
upper Sacramento River, CA. Estimated spawn datehack calculated based on stage
of embryogenesis (Dettlaff et al. 1993), developtakrates of green sturgeon (Deng et
al. 2002), and mean daily Sacramento River watapé&atures. Comments describe
additional information related to developmentagstaf the embryo. ....................... 25

Summary of approximate egg mat depths recorddadgithe 2008 green sturgeon egg
Mat SAMPING SEASON. ....ceiiii e eeereeee e e e e e e e e e aaeaaaaeaeeeees 27

Total stratified sampling effort for green steog larvae for the period May 27 — August
15, 2008. Sampling occurred between the hourd@®and 00:53 (1) and between the
hours of 00:41 and 04:54 )T Sampling from bridge pilings occurred at Jalliferry
Bridge and Bend Bridge on river right (BRand river left (BR). All sampling at RBDD
was conducted from the Bypass Outfall in the middlehe river channel (mid-channel).
Tehama Bridge sampling occurred at the most riggat bridge piling (BR) and the next

Exploratory sampling effort for green sturgearvhe during the period May 27 — August
15, 2008. Exploratory sampling occurred at allFffdbahama Bridge Pilings (1-4), both
accessible Woodson Bridge pilings (1, 2) and th®RHBypass Outfall (mid-channel).
Bridge pilings were numbered from river right todsuriver left.................coe 29

. Approximate river water depth of benthic D-netaken from stern of sampling boat.

Bridge pilings were numbered from river right todsuriver left. RBDD Bypass Outfall
was located mid-channel. One sample was takencad$on Bridge piling 1; standard
deviation NOt aPPIICADIE. .......ccooe e 30

Summary of information derived from larval gresturgeon samples captured at the
RBDD Bypass Outfall (RK 391) Sacramento River, (stimated spawn date was back
calculated based on larval stage (Dettlaff et @0.3), developmental rates of green
sturgeon (Deng et al. 2002; Van Eenennaam et @b)2@Gnd mean daily Sacramento
RivVer water teMPEratUresS. ... .. iii oo e e e e e e e e e e e e e eeeeeaeeeeees 31



List of Figures
Figure Page

1. Locations of green sturgeon egg and larvae sasit@s on the upper Sacramento River,
PP 33

2. Artificial substrate samplers used to samplegf@en sturgeon eggs in the upper
Sacramento River; a) egg mat; b) egg tube; €) 8g.I.......oovvvvviiiiiiiiiiiieeeeeee 34

3. Underwater video camera with sounding weightsaarrier positioned in deployment
apparatus (Groves and Garcia 1998).........cccceeeeriiiiiiiiiie e eeee 35

4. Benthic D-net attached to frame (bucket notcattd) used to sample green sturgeon
larvae on the upper Sacramento RIVEr,.CA......ooovereiiiiicciiee e, 36

5. Temporal distribution of green sturgeon egg damgpollected at RK 424.5 (red bars),
RK 391 (blue bars), and RK 377 (green bars) orSdi@amento River, CA. Black
vertical line indicates lowering of the RBDD gatasMay 15, 2008 ...............cceee.... 37

6. River depth of green sturgeon eggs sampled é@gnmats at RK 424.5 (red bars), RK
391 (blue bars), and RK 377 (green bars) on theaBanto River, CA for the period
May 2 — JUIY 7, 2008........oeeeeeeuiieee s e e ettt e e e e e e e e e e e aaeaaeaaaaeeees 38

7. Photos of three green sturgeon eggs in vari@ges of development sampled during egg
mat sampling. Note sand adhered to each eggaitiican adhesive jelly coat ......39

8. Estimated green sturgeon spawning dates (inveetbtriangles), Sacramento River
mean daily flow (dark blue), and hourly water temapere (red) at Massacre Flats (RK
424.5). Black vertical line indicates when RBDDeagawere lowered on May 15, 2008

9. Estimated green sturgeon spawning date (invéitezltriangle), Sacramento River mean
daily flow (dark blue), and hourly water temperat@ired) at Red Bluff Diversion Dam
(RK 391). Black vertical line indicates when RB@Btes were lowered on May 15,

10. Estimated green sturgeon spawning dates (ew@reen triangles), Sacramento River
mean daily flow (dark blue), and hourly water temapere (red) at the mouth of Antelope
Creek (RK 377). Black vertical line indicates wHRBDD gates were lowered on May
15, 2008.... ittt ettt e e e e e a bbb bbb ar e e e e 42

11. Average hourly Sacramento River water tempegatat RK 424.5 (red circle), RK 391

(blue triangle), and RK 377 (green square) forgaeod April 22 to August 15, 2008.
Time at midnight noted as 00:00:00 ..........commmmeeererrereeereiei e e erereeeeeeee 43

Vi



2008 Upper Sacramento River Green Sturgeon Spawning Habitat
and Larval Migration Surveys

I ntroduction

The Sacramento River in Northern California cutisehosts the only known
spawning population of Southern Distinct PopulatBagment (SDPS) green sturgeon,
Acipenser medirostri@RT 2005). This genetically distinct populatidsréel et al. 2004)
was listed as threatened under the Federal Endath@grecies Act on April 7, 2006 (NMFS
2006). As aresult, a greater level of concerthieyUS Bureau of Reclamation (USBR)
about the potential impacts of the Red Bluff DivensDam (RBDD) to green sturgeon
prompted the initiation of multiple studies to detene how various life history stages of this
species may be affected by current operations @RBIn 2008, the USBR and the
University of California, Davis (UCD) conducted easch and monitoring on the adult life
history phase of green sturgeon (see Israel €2G9;R. Corwin, USBR, unpublished data).
The US Fish and Wildlife Service (USFWS) concemitabn the earliest life history stages of
green sturgeon through egg deposition and larvilséimpling. Heath and Walker (1987)
noted the sampling of eggs and larvae as an imgtarathod to identify spawning and
nursery areas. Knowledge of these areas has leeened critical to 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.

The USFWS (Brown 2007) found sparse evidence edrysturgeon spawning below
and above RBDD by sampling eggs and larvae, respbct Larval and juvenile green
sturgeon have been captured from the upper SactarRérer by the rotary-screw traps
placed directly below RBDD since 1995 (Johnson Madtin 1997; Gaines and Martin
2002). Based on these captures, it was assumashisgroccurred above RBDD as opposed
to directly in front of rotary-screw traps on thewhstream side of the dam. Capture of
green sturgeon larvae prior to the annual loweoindgpe RBDD gates on May 15 of each
year (NMFS 2004) supports this assumption (Gaineds\artin 2002; Poytress 2006).
Furthermore, eight 2-year old juvenile green stargeere recovered at the RBDD east
diffuser during maintenance operations by USFWénearly 1990’s (USFWS 1992).

Objectives

The objectives of this study were to: (1) evalulteuse of three varieties of egg
sampling devices, (2) determine the temporal aatiaistribution of spawning (via egg
deposition) by green sturgeon in close proximitRBDD, (3) monitor the environmental
conditions of the sites where eggs were found Isgida@ing microhabitats in terms of water
temperature, depth, river discharge and substypte {4) determine temporal and spatial
distribution patterns of emerging green sturgeovala in proximity to RBDD, and (5)
determine if distinct nocturnal patterns of migoatoccurred in pre- and post exogenous
feeding larvae.



This annual report addresses, in detail, egg amvall sampling of green sturgeon for
the period April 22 through August 15, 2008. Tiport includes data and information on
green sturgeon spawning areas and limited quaktaipawning substrate surveys from
multiple upper Sacramento River sites in close iondy to the RBDD. This report will be
submitted to the USBR to comply with contractuglarting requirements for funding
administered through the Fish and Wildlife Coortiiora Act.

Study Area

The Sacramento River originates in Northern Catifonear Mt. Shasta from the
springs of Mt. Eddy (Hallock et al. 1961). It flewgouth through 600 kilometers of the state
and drains numerous slopes of the Coast, Klamatbc&tle, and Sierra Nevada mountain
ranges eventually reaching the Pacific Ocean ab#reFrancisco Bay (Figure 1). Shasta
Dam and its associated downstream flow regulatingtire, Keswick Dam (RK 485), have
formed a complete barrier to upstream anadromasbgpfassage since 1943 (Moffett 1949).
The 94 river kilometer reach between Keswick Damh BBDD (RK 391) supports areas of
intact riparian vegetation and largely remains wtialcted. Below RBDD the river
encounters increasingly greater anthropogenicenite until it drains into the Sacramento-
San Joaquin Estuary.

Sampling was concentrated in a 60 river kilometach of the Sacramento River
from Jelly’s Ferry Bridge (RK 429) to Tehama BridgrK 369) with RBDD roughly 1/3 of
the way in between (Figure 1). The study areadesasrmined to contain likely spawning
habitat with known annual green sturgeon preseasedon USFWS and USBR personal
observations coupled with recent acoustic telenmdditg (Hublein et al. 200&. Corwin,
USBR, pers. comm.). The primary focus of the stwdg to assess potential impacts of
RBDD operations on green sturgeon and the study asedescribed, provided logistically
feasible sampling locations both upstream, at,dowinstream of RBDD.

M ethods

Egg sampling surveys.— Sampling for green sturgeon eggs was performed by
deploying artificial substrate samplers (i.e., eggfs) in close proximity to presumed adult
spawning areas (Figure 1) based on visual obsenstside scan sonar, and acoustic
telemetry data (R. Corwin, USBR, pers. comm.). BEggs were constructed using two 89 x
61 cm rectangular sections of furnace filter matesecured back to back within a welded
steel framework (McCabe and Beckman 1990; Schatféi7; Brown 2007). The
orientation of the furnace filter material alloweither side of the egg mat to collect eggs.
Egg mats were held in position by a three-fluke eetiiilled poly-vinyl chloride (PVC)
anchor attached to the upstream end of the eggisitag two 76 cm pieces of 6.4 mm
diameter aircraft cable. A labeled float was dt&atto the downstream end of each egg mat
using 9.5 mm diameter braided polypropylene r@pgure 2a).Float line length and
number of floats varied between egg mats deperahingater depth and velocity.

In an attempt to improve on the methods used bywBr2007), two experimental
egg samplers were developed and deployed. A 3Qrdése., egg tube; see Firehammer et



al. 2006) was constructed by the USBR by cutting@dengths of 25.4 cm diameter PVC
pipe. Three lengths of pipe were laid flat anddxbkogether in a 2x1 pyramid formation.
Filter material was glued to the inside and outsidiéaces of the pipe using a construction
adhesive. To prevent eggs from potentially pasgingugh the tubes, the downstream end of
each tube was covered with filter material. Finathe pyramid was secured to the rear
portion of a standard egg mat using 6.4 mm plastated aircraft cable (Figure 2bJhe
purpose of the egg tube design was to capture gteegeon eggs that may be drifting within
the bottom 0.6 m of the water column.

The second experimental egg sampler design (gg.ra@l) attempted to increase
catch by increasing the total surface area of éimgpder. Three meters of filter material were
Zip-tied to 6.4 mm plastic mesh. For structure wedyht, a 3.0 m x 0.6 m frame was
constructed out of 9.5 mm chain and rebar. Ak¢hiayers were zip-tied together so they
could be rolled out perpendicular to the water flguwgure 2c). The single layer of filter
material, presumably, could only collect eggs anttipside of the sampler.

Paired egg mats were placed in three microhalyjpeistat two natural locations on
the Sacramento River commonly known as Massacte &K 424.5) and the mouth of
Antelope Creek (RK 377 The three microhabitat types were describeabasream(riffle
entering the pool)yithin pool (flanking the deepest portions of the pool), &aitl(glide
exiting the pool upstream of the pool tail crest).

Up to three sets of paired samplers were placad imnnatural setting directly below
RBDD (RK 391) following the annual, seasonal gatedring which typically occurs in mid-
May of each year. As noted in Brown (2007), greemgeon annually assemble below the
dam following the gate closure and evidence of spagvhas been confirmed. Egg mats and
experimental samplers were deployed below the dammstream of observed sturgeon
aggregations. Sampling locations varied but wéaequl initially as close to boils as
physically possible since sturgeon were observedmgan and out of these very turbulent
areas.

Mats were visually inspected twice a week throughloe sample period, typically on
Tuesdays and Fridays. Paired egg mats from eaoiohaibitat were pulled from the river,
placed on the deck of a boat, and inspected baat two field crew members. After initial
inspection, egg mats were rinsed with water to neraebris and sediment and then re-
inspected. Rinse water and debris were collectedplastic tote and filtered through 3.2
mm mesh netting placed over a five gallon bucketajoture dislodged eggs. After a second
inspection, egg mats were redeployed into thepeetive microhabitats.

Environmental and sample effort data was colledigthg both the setting and
retrieval of the substrate samplers. Environmedtaigd consisted of: GPS coordinates
recorded between the paired mats’ floats, rivewfliurbidity, sample depth, weather
condition, and moon phase. Hourly water tempeeattas monitored at or near each site
using a Stowaway® Tidbit temperature logger. Saerato River hourly flow data was
obtained from the California Data Exchange CentBead Bridge gauging station
(http://cdec.water.ca.gov/cgi-progs/queryF?BND




Flows below RBDD and at the mouth of Antelope Cregke estimated by using
Bend Bridge data subtracting daily diversions aDRBwhen applicable). Sample effort
data consisted of: date and time egg samplers setr@nd retrieved and designation of
samplers in relation to each other (i.e., river ¢gfright) within each microhabitat. When
visually possible, it was noted whether egg matewampling top or bottom side up.

Egg samples were counted and identified to spéoresach egg mat in the field. All
suspected green sturgeon and unidentified eggsasdested into vials of 95% ethyl
alcohol (EtOH) for laboratory identification andfuer analysis. Eggs were pooled by
species into the same vial only when found on #messide of one egg mat. Suspected
green sturgeon eggs were sent to UC Davis forigesdentification, photography,
measurement of egg diameter, and determinatioewdpmental stage (Dettlaff et al.
1993). Moreover, spawn date was estimated basen egyg collection date and
developmental stage and was back-calculated usirgge daily water temperature from the
nearest Sacramento River gauging station (Wanly £085; 1987; Deng et al. 2002). Non-
green sturgeon eggs were identified by Rene Reyg¢®a Johnson Wang of the US Bureau
of Reclamation’s Tracy Fish Salvage Facility. édinfirmed and potential green sturgeon
eggs were sent to Dr. Josh Israel of UCD for geranfirmation (Israel et al. 2004) and
further analysis.

Spawning substrate surveys.— Qualitative substrate composition surveys of green
sturgeon deep water spawning habitat were tesedgilot effort) and performed in a
limited capacity using underwater videography. sTiechnique has been performed in large,
deep mainstem rivers focusing on deep water spawrabitat of fall Chinook salmon
(Oncorhynchus tshawytschdut also for lake trouSalvelinus namaycuyhas well as
bottom dwelling burbotl(ota lotg Groves and Chandler 1999). Deep water habitatya
were performed using a Speco CVC 620 WP video cacantained within a fabricated
PVC underwater housing attached to 30.5 m of vatepower cable. The camera housing
was attached to a protective carrier used to sukfrencamera setup from the bow of a boat
using two 11 kg sounding weights (Groves and Gar8i28) added for stability in fast
moving water environments (Figure 3). A 12 volt\AWinch was used to raise and lower
the camera/carrier in the water column during dgplent. Video images were recorded on a
4 channel MPEG-4 networkable DVR and displayecdkai-time on an 18 cm LCD monitor.

Surveys performed with the underwater video car(igxC) typically proceeded
from the furthest point downstream to the upstreawh of known sturgeon holding pools,
based on the presence of acoustically tagged adlifis UVC (facing upstream) was
lowered in the water column near the pool tail tuedil substrate was clearly visible on the
LCD monitor. Surveys progressed slowly upstrean®(Bm/hr) through the holding pool
microhabitats with the UVC raised and lowered tegkevithin 30 cm of the river bottom. At
the end of each reach the UVC was raised to thengatface or secured onboard within the
deployment apparatus. Generally, each reach wasyad multiple times with observation
data including approximate location, time, substrdepth, and notable underwater and
above water physical features recorded for latereace. Substrate was visually estimated
using substrate descriptors listed in Dunne angbkb(1978). Substrates were described as



sand (<2.0 mm), gravel (2.0 to 64.0 mm), cobble(q&d 256.0 mm), and boulder (>256.0
mm). Recorded video was later played through agyavell Fusion DVR and re-recorded
to provide more playback and software editing fezgu Short video segments were then re-
saved and labeled to designate specific microhtadnieaas within each site.

Larval migration surveys.— Larval drift sampling was scheduled to occur froma+m
May through mid-August based on suspected outniggraiiming (Gaines and Martin 2002;
Van Eenennaam et al. 2001; Brown 2007). Succesgfukcapture during the concurrent
USFWS egg mat sampling aided in refining the extart and end dates. Based on previous
studies on the Sacramento River (Brown 2007; USkEMf&iblished data) and laboratory
studies (Van Eenennaam et al. 2001; Kynard et0@i5Rindicating nighttime migration
activity, larval sampling typically occurred betweine hours of 22:00 and 05:00.

A benthic D-net was used throughout the seasonlasito previous nets used for
larval sturgeon sampling on the Sacramento Riveh(Korst 1976; Brown 2007). The net
was constructed of 1.6 mm polyester mesh fashiartech 2.4 m long tapered cone and
attached to a steel frame with a circumference®n2including a flat base of 80 qifeigure
4). A 2,200 mL Wildco Dolphin bucket was attachedhe cod end allowing for easy access
to collected samples. Steel bar stock was add#tetbase of the net frame to properly
orient the net in the current and to sink it to fiver bottom during sampling. A total net
weight of 27 kg was determined to be sufficientgosper sampling. The net was attached
via a 4.8 mm diameter wire rope bridle to 2.4 minleand positioned using a 12 volt ATV
winch. The net was allowed to drift downriver bahihe boat until it set and held firmly on
the river bottom.

Stratified night sampling occurred two days per kvaefour sample sites (Figurgl
Jelly’s Ferry Bridge (RK 429), Bend Bridge (RK 41BBDD Bypass Outfall (RK391), and
Tehama Bridge (RK 369). Sites were selected feir firoximity to suspected spawning
locations over a 60 km stretch centered on RBDBe ed accessibility at night, and the
presence of adequate tie-off structures (e.g.gbr&glipports) in a variety of depths and
velocities. The Bend Bridge abutments and RBDD&gpOutfall were selected as sample
sites based on previous larvae catch at Bend B(igigevn 2007) and historic catch in the
RBDD rotary screw traps (Gaines and Martin 20QBlly’s Ferry Bridge and Tehama
Bridge were selected as the next nearest upstredrdavnstream sampling locations,
respectively, to meet the sampling criteria objegi A 4-week rotational sampling matrix
(Table 1) was used to spatially and temporarilyritiste stratified sampling effort evenly
between the sites. The RBDD Bypass Outfall ancairehBridge were sampled below the
RBDD diversion dam on Tuesdays while Jelly’s Férigge and Bend Bridge were
sampled above RBDD on Thursday nights.

In addition to the stratified Tuesday/Thursday skamgp exploratory sampling was
conducted on Wednesday nights to explore alteraativnpling strategies and migration
periods. Exploratory sampling occurred at WoodBodge (RK 352) and Tehama Bridge
(RK 369). Additionally, exploratory sampling aetRBDD Bypass Outfall (RK 391)
consisted of prolonged sampling (e.qg., 4-6 houng) sampling to determine if possible
crepuscular movement patterns existed (i.e., nmatudind vespertine periods).



Nightly sampling effort typically consisted of aabof 240 minutes of wetted net
time. During stratified sampling, nightly efforias split into two 120 minute sample periods
per site. During exploratory sampling, effort weamcentrated at a single site. Bridge
supports at Jelly’s Ferry Bridge and Bend Briddeveed for two sampling locations (i.e.,
tie-offs) at each site, one towards river right ané towards river left. At the RBDD Bypass
Outfall, one river center tie-off existed for alirapling efforts. Tehama Bridge consisted of
four potential tie-off locations. Two tie-off lottans near the thalweg were selected for the
stratified sample periods while all four were usadexploratory sampling. During stratified
and exploratory sampling, the net was generallyassample for 30 or 60 minute sets
depending on debris accumulation and fish occuaenc

Effort and environmental data collected for eaaha site included set and retrieve
times, estimated tie-off distance, turbidity, sugavater temperature, and water depth at the
stern of the boat. Set time was recorded as e tthe net became properly oriented in the
river during deployment and retrieve time was rdedrwhen the net broke the surface
during retrieval.

Collected samples were field sorted with the amaundlt type of debris recorded. All
fish sampled were identified, measured, enumeratediyecorded. Eggs were identified to
species and enumerated or were retained in 95% EaOlelboratory examination and
species identification. Green sturgeon larvaeeqygs were retained in 95% EtOH for
genetic identification (Israel et al. 2004) and @lepmental stage assessment (Dettlaff et al.
1993). Non-sturgeon eggs and larvae samples vigually identified or confirmed to the
species level by Rene Reyes and Dr. Johnson Wathg &S Bureau of Reclamation’s
Tracy Fish Salvage Facility.

Results

Egg Sampling surveys.— Egg mat sampling occurred at the two natural RS
424.5 and RK 377) between April 22 and August D&0Egg mats were deployed at
RBDD on May 29, 2008, once sturgeon aggregations wikserved following the lowering
of the dam gates on May 15, 2008. Egg mats sanapletal of 1201.58 wetted mat days
(one mat se24 hours Table 3. Both experimental egg samplers were removedlgtadter
deployment (i.e., egg roll = 0.99 wetted mat ddy;e®)g tube = 15.87 wetted mat days) due
to the difficulties associated with setting, retdk or inspection. Three mats were lost over
the course of the sampling season. On varioussamtaupstream and tail mats were found
downstream from their original deployment locatipossibly due to high flow velocities or
interactions with the public. On July 3, 2008 séngpof half of the mats at RBDD and the
upstream mats at both natural locations was disooed. It appeared that spawning activity
had concluded below RBDD based on the downstreamement of acoustic tagged adult
green sturgeon and lack of visual observationggfegating sturgeon (R. Corwin and R.
Chase, USBR, pers. comm.). Due to the downstrearimity to suspected spawning
grounds, tail mats were left in the river for amligidnal two weeks. On July 15 (RK 424.5)
and July 18, 2008 (RK 377) the tail mats were reedoalong with the remaining mats at
RBDD. On August 1, 2008 within pool mats were reetfrom the river.



Between May 2 and July 7, 2008 forty-two eggs veamapled by egg mats and
positively identified as green sturgeon (Figure Bhpsitively identified egg samples were
collected primarily in thevithin poolmicrohabitats at RK 424.5(=11) and RK 377N =
30). One green sturgeon egg was collected fromitinatural site directly below RBDD.
Based upon capture location, date of capture, viemeperature, differing stages of
development, and the assumption that a femalenexjiR to 20 hours to release all of her
eggs, samples were likely collected from 12 difféfemales who spawned between April
30 and July 4, 2008rable 3) On two occasions it was estimated that multipksing
events (i.e., eggs from different females) werdwasgl during one sampling period on a
single egg mat. Genetic analysis performed byJBsh Israel was unable to determine the
actual number of spawning events (Israel et al9200

Egg mats sampled at water depths ranging froma07/56 m and depths were
comparable within microhabitat types between the matural site¢Table 4). Sample depth
ranged from 2.9 to 7.6 nx(= 4.5 m) for eggs collected in the natural habi(atgure 6).
The egg found directly below RBDD was collectead alepth of 0.6 m (Figure 6).

Green sturgeon eggs were found adhered to thé\tepil(?) and bottomN = 21) of
the egg mats, as well as in the rinse watler @). On four occasions eggs were found on
both sides of the same egg mat. During one mapkagrevent, eggs were found in all three
areas (i.e., top, bottom, and rinse). Moreoveregrsturgeon eggs were notably adhesive as
many were found to have variable sized grains oé salhered to the jelly coat (Figure 7);
some adhered directly to the steel framework ohtlaés Egg diameter was possible to
measure on 88% of the green sturgeon eggs sammiedaged from 3.75 to 4.67 mm £
4.12 mm;N = 37).

Limited rainfall (0.66 cm) during the sample periid not appreciably affect
Sacramento River flow or turbidity. SacramentodRiffows during the sample period
ranged between 220.0 to 393.6sthat Bend Bridge (Figure 8) and 278.2 and 353°§™mat
RBDD (Figure9). Flows increased over the sample period d@&htsta/Keswick Dam
releases during the primary agricultural irrigatsmason. On May 15, 2008 flow was
substantially increased temporarily to facilitdte filling of Lake Red Bluff following the
lowering of the RBDD gates.

Sacramento River flows ranged from 240.7 to 3228'rtx = 267.8 nis™) at Bend
Bridge and 252.7 to 352.3%T (x = 286.8 mis™) at RBDD during the period when green
sturgeon eggs were collected at RK 424.5 (Figuen8)RK 377 (Figure 10), respectively.
Flows ranged from 297.5 to 338.43h (x = 324.7 nis') during the sample period when the
green sturgeon egg was collected at RBDD (Figure 9)

Turbidity ranged from 0.8 to 3.7 nephalometric tdity units (NTU) throughout the
sample period{ = 2.2 NTU). During the estimated spawning pertodpidity ranged from
1.71t0 3.1 NTU ¢ =2.5 NTU). Water temperatures ranged from 9.2&88°C & = 13.3°C)
at Bend Bridge, 13tb 16.3°C & =14.9°C) at RBDD, and 10.1to 17.6°€ € 14.8°C)
below the mouth of Antelope Creek during the sangpperiod. During the estimated



spawning periods water temperatures ranged fromtb(l5.2°C ¢ = 12.4°C) at RK 424.5
(Figure 8), 14.3 to 15.4°Cx(= 14.9°C) at RK 391 (Figure 9), and 12.9 to 17.62C=
14.3°C) at RK 377 (Figure 10).

Spawning substrate surveys.— UVC spawning habitat surveys were conducted at the
egg sampling locations at RK 424.5 and RK 377 oy B|a&2008. Water depths ranged from
1.0to 15.2 m and 1.0 to 12.2 m, respectively.r&aento River discharge was 313sth
(above RBDD) and 305 8 (below RBDD). UVC surveys of the within pool hetiat RK
377 recorded green sturgeon in depths >6.5m.

UVC spawning habitat surveys confirmed the genaubktrate within each
microhabitat type sampled by egg mats. At RK 4208 RK 377, upstream mats were
placed primarily on a cobble substrate interspevadugravel. Moreover, large cobble and
boulders appeared to be embedded sporadicallginver bottom at RK 424.5. The within
pool microhabitat at RK 424.5 where confirmed grsemgeon eggs were sampled had a
substrate consisting of medium sized gravel wisisée amounts of cobble and sand. The
within pool microhabitat at RK 377 where confirmgr@en sturgeon eggs were sampled also
contained predominantly medium sized gravel. Ldngéders were evident in the deepest
and most turbulent water of both sites’ deepedtiwipool microhabitats. Interestingly, both
sites had large river right areas of sand depogi¢edllel to heavy hydraulics associated with
large boulders. The tail mats at both locationsavygaced in small to medium gravel and
small cobble substrates interspersed with smakgtsoof sand.

UVC surveys could not be effectively performed & due to shallow water
conditions, poor visibility, and safety concernghe area of the hydraulics directly below
the lowered dam gates. However, visual observatonld be made at the shallow areas
flanking the hydraulics where the single greengs#tan egg was found. Observations noted
substrate composed of medium sized gravel mixed sahd as the dominant materials found
in this area. In the turbulent high velocity arebse to the base of the dam, large boulders
and rip rap are present which were placed aftectmstruction of RBDD to prevent erosion
of the dam’s apron.

Larval migration surveys.— Larval drift sampling occurred from May 27 to Augus
15, 2008. Wetted net time totaled 100 hours (6/@0tutes) during stratified sampling
efforts on Tuesdays and Thursdays (Table 5). & @t35.6 hours of wetted net time were
sampled during exploratory efforts on Wednesdagbl@ 6). Sampling at Woodson Bridge
(RK 352) was discontinued after a single night sttusubmerged objects entangling the net.
All other sites were sampled effectively.

As noted in the egg sampling results section &f tport, no major rain or flow
events occurred during the sampling season an@®aato River conditions were primarily
the result of water releases from Shasta/Keswiak [rgure 8). Turbidity values derived
from surface grab samples were relatively stabieutifhout the season and ranged from 1.3
to 4.3 NTU & = 2.0 NTU). Debris loads from collected sampleseagenerally light to
moderate, typically consisting of leaves and aguatgetation.



River depth data was recorded at the stern of dla¢ flor each sample. Depth data
was variably representative of actual sample cotiedepths as the net typically sampled
from 0.6 to 46.0 mX = 16.2 m) downstream of the boat. Overall, es@daample depths
ranged from 2.5 to 23.4 m (Table 7).

A total of four positively identified green stuelarvae were captured during the
2008 sampling season. All samples were collectwtd the RBDD Bypass Outfall (RK
391). Three larvae were captured between 22:Qkinoa 17 and 00:09 on June 18, 2008 at a
water temperature of 14.9° C. A single larvae eastured between 22:48 and 23:54 on July
15, 2008 at a water temperature of 15.3° C. Tetagth of larvae sampled ranged from 24 to
26 mm & = 25 mm). All four larvae were determined to bel@elopmental stage 45
indicated by complete yolk sac absorption using|Bfétet al. (1993). Estimated spawn
dates for the three samples and single sample Maye28 to 30 and June 25 to 27, 2008,
respectively (Table 8). In addition to the fowrrgieon larvae, a variety of non-target species
eggs and larvae were sampled and enumerated (Adple

Discussion and Recommendations

Egg sampling surveys.—Through the sampling and positive identificatiorgoéen
sturgeon eggs using artificial substrate matsgetpgawning areas in the Sacramento River
were confirmed in 2008. Green sturgeon eggs wargkd on multiple occasions
exclusively at the within pool microhabitat at tin® natural sites (RK 424.5 and RK 377).
Eggs were first sampled from the within pool miabhat 33.5 river kilometers above the
RBDD thirteen days before the lowering of the RBBdes which creates a barrier to
upstream migrating sturgeon (Brown 2007). Greargsbn eggs were sampled within ten
days of initial egg mat deployment and likely sltbbhive been deployed sooner as acoustic
tagged fish were detected in the upper Sacramenty R late March and passed upstream
of the RBDD on April 14, 2008 (R. Corwin, USBR, pecomm.). Limited acoustic
telemetry data was available to fine tune sampiifigrts at the uppermost sample site (RK
424.5). A total of 11 green sturgeon eggs werepéaainfrom this site from May 2 to June
13, 2008 indicating spawning occurred before atel &BDD gates were lowered on May
15, 2008 (Figure 5). The estimated spawning daftése eggs sampled above RBDD ranged
from April 30 to June 10, 2008 and indicated astdhree different spawning dates or events
within a six week period at this site (Table 3).

The majority of green sturgeon eggs (71%) were $eoingt RK 377, 14 river
kilometers below the RBDD. Ten green sturgeontaduére acoustically tagged before and
after the lowering of the dam gates at this siteGBwin, USBR, pers. comm..) and
monitored using stationary and mobile acousticiveee (M. Thomas, UCD, pers. comm.).
Weekly mobile tracking and continuous shipboardKkirag of one tagged adult (M. Thomas
et al., UCD,unpublished data) appeared to indicate a repestisthined holding pattern near
the deepest portion of the pool (>7m). Paired wigool egg mats were placed flanking this
deep holding area. Within a week, green sturgegs &ere sampled from this microhabitat
indicating spawning was occurring within the pgoksumably a short distance upstream of
the samplers. Interestingly, the first green storgegg samples derived from this site
appeared to be from two different spawning evehable 3). One spawning event preceding



sampling by a few hours and one estimated to hewerced the day prior to sampling;
assuming the first female completed egg oviposiithin 24 hours.

Green sturgeon eggs were first sampled 13 daystprithe lowering of the RBDD
gates and samples were collected nearly weeklgrfaight week period (Figure 5). Egg
analysis estimated spawning was occurring fromIA8frito July 4, 2008. Of particular
interest is that spawning was confirmed downstreathe RBDD prior to the lowering of
the dam gates from an estimated 3 to 4 differeahtsy(Table 3) indicating habitat specific
preference associated with this site or possild@smg site fidelity. As noted by Erickson
and Webb (2007), green sturgeon tagged in the RBouex, Oregon return after 2 to 4
years; fidelity for spawning sites in the SacramdRiver may provide further evidence of
this behavior.

One green sturgeon egg was sampled below Gatth8 RBDD on June 20, 2008.
Spawn date for this egg was estimated to be Jun20D8; 34 days after the lowering of the
RBDD gates in mid-May. Sampling at the RBDD sitesvinherently more difficult because
hydraulics created by the lowered dam gates tetaldi$place sand and gravel which often
partially or completely buried the egg mats witBito 4 days. Mats were placed further
downstream of the hydraulics in shallower areas, (@ravel bar directly below hydraulics)
later in the sampling season to avoid the sustaweedy loading of sand and gravel and
because of a lack of egg samples. It was at otteeadownstream sampling areas at RBDD
that the green sturgeon egg was sampled. Sanugdlig single egg at this site may have
simply been the result of sampling the mat withdnh®urs of spawning and the fact that the
egg was “nestled” in the furnace filter materigvidence of sustained sand and gravel
aggradation immediately below the dam contrastedtfyr to the conditions at the natural
sites where within pool mats typically had minirsahd or gravel deposits. The amount of
fine material displaced daily and the evidencepafvaning directly below RBDD causes
some concern as it relates to incubation and hajchuccess of eggs deposited immediately
below the dam’s hydraulics. The aggradation otisamd gravel could result in partial or
complete burying of green sturgeon eggs resultindeiayed hatching time, physiological
effects, or mortality as was observed in the latooyafor white sturgeonAcipenser
transmontanusby Kock et al. (2006).

Recommendation: Employ in-river channel level gauges in multipleas below the
dam’s hydraulics to determine the temporal and igp@tatterns of river channel
aggradation or degradation resultant from RBDD galewered operations.

The green sturgeon egg sampled at RBDD was fouadvatter depth of 0.6 m which
was nearly 4 meters shallower than the averagéndsuis were sampled at the two natural
sites. Moreover, it should be noted that the deptlsorded at the within pool microhabitats
of the natural sites were likely between 0.5 -rh.@eeper than actual mat depths due to the
location of the depth finder transducer which waseers behind the actual mat retrieval
location. The result was likely a conservative.(ishallow) reading compared to the actual
depth of the mats. Furthermore, spawning was prably occurring slightly upstream of
the mats which would be deeper given the generalagng shape of the pools.
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Recommendation: Employ more advanced depth sounding equipment and
methodologies to increase the accuracy of egg sangllection depth readings.

The use of artificial substrate mats proved redsiyreffective at sampling green
sturgeon eggs. As noted earlier, the eggs aresadhalbeit for a short period of time. The
detection of eggs in the rinse water indicated slaatple processing may have dislodged
eggs that were not embedded in the filter materiérgely adhered to the mats. The result
was likely a reduction in detected egg sampleshdutie retrieval process or during mat
arrangement onboard the sampling vessel. Morealgag and sand entrained within the
filter material may have reduced the ability of e¢gg adhere to egg mats or resulted in the
dislodging of eggs during processing as sand ahdsieere often flushed from the mats
during retrieval.

Recommendation: Carefully retrieve all egg mats during sample cciien activities
and store them in a catch basin that allows dragnivater and debris to be captured,
filtered, and inspected for easily dislodged eggs.

Overall, the egg mat sample design employed in 20@Be natural sites was
successful in collecting green sturgeon eggs aiplesspawning areas in close proximity to
known holding areas. Prior to this years egg ctitb@s, it was unknown if green sturgeon
were moving upstream from the deep pool holdingsrstaying within the pools, or
dropping downstream towards the pool tail crespawn. Repeated capture of eggs from
the areas flanking the deepest portions of thespwolld indicate spawning is occurring at
or near the deepest portions of the pools. Prelslymdemersal green sturgeon eggs adhere
to areas on the upslope of the pool several mafmiseam of the pool tail crest.

At both natural sites, complex hydraulics formedaater flowing at sharp river
bends (at the confluence of a tributary in one e deep pools containing large boulders
resulted in surface turbulence and complex hydrawt, and immediately downstream of,
the deepest portions of the pool. These areas sér@apled with egg mats resulted in
capture of green sturgeon eggs and would appédss tmportant components of green
sturgeon spawning habitat; similar to the findinfiZhang et al. (in press) hypothesized
bedform morphology for Chinese sturgedjpenser sinesjsn the Yangtze River, China.
Additionally, spawning habitat of white sturgedn,transmontanysn the Fraser River,
Canada was noted by Perrin et al. (2003) to oetamailarly complex hydraulic areas at
river confluences (although not exclusively) whadmpares remarkably with the site eggs
were sampled at the mouth of Antelope Creek (RK).377

Recommendation: Perform egg sampling in remaining study yearghatwithin pool
habitat and discontinue sampling the upstream aigpbrtions of the same two sites.
Additionally, sample additional presumed spawnigssguided by real-time acoustic
telemetry data but sample all sites with at least pairs of mats to determine lateral and
longitudinal extent of spawning. Begin samplingdi®en sturgeon eggs by April dr as
soon as adults are detected by acoustic receiiesseaWoodson Bridge (RK 352). Deploy
site specific thermographs throughout the seasahtydrolabs upon sample collection to
monitor hydrologic variables where green sturgeggsare collected.
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Spawning substrate surveys.—The pilot substrate surveys using the UVC system
indicated a fairly consistent substrate type of mmedsized gravel in the areas where green
sturgeon eggs were sampled. At both natural aitdsRBDD the substrate appeared much
smaller than the “likely preferred large cobble'tesin Moyle (2002). UVC and direct
observation of substrate materials in the aredlseopositively sampled egg mats indicated
smaller substrate falling into the gravel categesing the size class designation provided in
Dunne and Leopold (1978). Although this year'®d# did not attempt to quantify the size
of substrate materials, observations clearly irtdit@gg deposition onto substrate composed
primarily of gravel.

Sand grains adhered to many of the green sturgggpsamples indicating
adhesiveness of the eggs (Figure 7). The geldiltayer of the egg chorion forms an
adhesive surface after exposure to water, andrésmgsturgeon this initially begins after the
first 20-30 seconds and is more pronounced aféenfautes (Van Eenennaam, unpublished
data; Van Eenennaam et al. 2008). The formatidhisfadhesive area of attachment lasts
20-30 minutes (Markov, 1978). The sand grainsabalve adhered to the eggs surface after
fertilization or possibly during rinsing of the egwat which would dislodge the egg thus
allowing sand from the rinse water to possiblyditeo the exposed adhesive area. UVC and
direct observations indicated varying degrees oflsaobility on the river bottom at all sites,
albeit the least bed mobility was noted in the wighool areas.

Recommendation: Acoustic doppler current profiling and bathymetsicdies
coupled with systematic geo-referenced substraggping of spawning areas may illuminate
habitat conditions to determine if trends in sulsdy velocity and depth occur. Additionally,
underwater videography for sustained periods oétguuld potentially result in direct
observation of spawning behavior, the relative posiof spawning adults in the water
column and in relation to complex hydraulics, arsd@ciated substrates adults directly
spawn over in deep pool areas. After each egg Baghgeason, confirm substrate size
composition where sturgeon eggs were sampled asiwnar substrate sampler.

On more than one occasion underwater video mongaxias performed below
RBDD by California Department of Fish and Game BI8FWS biologists who noted
suspected sturgeon spawning activity within andase proximity to the dam’s hydraulics.
Observations included subsequent movement of Sacrtansucker@atostomus
occidentali3 and Sacramento pikeminno®tychocheilus grand)gpresumably feeding on
green sturgeon eggs deposited immediately followpagvning events. Striped bass
(Morone saxatiliy and rainbow trout@ncorhychus mykiysvere noted as shadowing green
sturgeon adults as well. Concern exists as 3affthese predatory species have been
documented to occur in greater densities when RBBiEs are in the lowered position with
striped bass in close proximity to the turbulendiaylic areas (Tucker et al. 1993).
Presumably, greater densities of benthic predatdise vicinity of the dam could negatively
impact green sturgeon recruitment if abnormallyhipgedator congregations occur during
the spawn timing of green sturgeon.
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Recommendation: Research possible predation effects on green sturgggs by
native and non-native species at unimpeded spawaaagions and RBDD.

Larval migration surveys.— Limited success was achieved using a benthic Denet
sample migrating green sturgeon larvae in 2008ndlag effort was 4-5 times that of
Brown (2007) and interestingly, we sampled fouresnas many larvae. Unfortunately,
migratory patterns could not be assessed frony#as's data as the total number of samples
collected was four. Three of four were green stargwere sampled on the same date and all
were sampled from the same location (RBDD Bypastaubetween the hours of 22:00
and 00:00. In contrast, the single larvae samipjeBrown (2007) occurred during the
predawn hours. The laboratory observations oftgresctivity of sturgeon larvae in the
night time period (Van Eenennaam et al. 2001; Kgreral. 2005) and migration activity at
or near the river bottom (Kohlhorst 1976; LaHayaletl992; Schaffter 1997; Auer and
Baker 2002; and Deng et al. 2002) was a primaryvaton to sample the benthos
exclusively during nocturnal hours. A limited nuentof hours were sampled at the pre-dusk
and pre-dawn hours (Table 6), but effort was higlugcentrated on the pre and post
midnight time period (Table 5). Overall effort miagve been minimized each night at any
particular location as we attempted to sample tifferént sites per night once per week
(Table 1) in an effort to detect a spatial and nowl migratory pattern.

Auer and Baker (2002) noted capture of few larvaddy in 1995 and 1998 which
was attributed to low river levels (i.e., low waterars) and reduced spawning success of
lake sturgeonAcipenser fulvescepsInterestingly, they sampled 97% of lake sturgeo
between 22:00 and 00:00 during 1995 — 2000. Hymothesized that conditions in 2008
(which was noted as California’s driest spring df years of record) resulted in limited
adult migration to spawning grounds and subsequéntl production of recruits.

Concurrent rotary trapping activities at RBDD reedlin zero captures of green sturgeon
larvae for the first time in 13 years of sampliltSFWS, unpublished data) even though the
screw trapping site is immediately upstream ofRIBOD Bypass Outfall. These data
coupled with additional observations of low catohdther sturgeon species in low discharge
years noted by other sources (Kohlhorst et al. 1P@trin et al. 2003upport the hypothesis
of low production in 2008. Conversely, as noteduer and Baker (2002), the “possibility

of two hatches” or more may occur and it is plalestbat sampling for larvae should have
commenced earlier in the season and been dictateel Iy the timing of first egg captures.

Sacramento River water temperature trended upveandisg the season (Figures 8-
10), but displayed a mean daily fluctuation randgnmogn 1.5 to 3.1°CX = 2.2°C; RK424.5),
0.3t03.5°C £ =1.2°C; RK 391), and 0.9 to 3.2°& (= 2.0°C; RK 377). Average hourly
water temperatures at RBDD typically decreasedhduhe period 21:00 and 01:00 which
was followed by an hourly increase from 01:00 ta00GFigure 11). The 2008 larvae
captures occurred exclusively during the noctupesiod when temperatures were
decreasing at RBDD. Moreover, the single greergstun larvae captured by Brown (2007)
also occurred during a period of decreasing noatugmperatures. Although subtle, this
diel thermal fluctuation may be of significance espect to nocturnal activity patterns of
green sturgeon larvae and future years’ samplingvahdate or negate this observation.
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Recommendation: Increase larval sampling effort at a concentratedaabeginning
mid-May or within two weeks of first egg captuAdditionally, conduct exploratory
sampling efforts using the same and varied metlogiled (Benson et al. 2006) immediately
below and in close proximity to spawning groundddtermine habitat use and drift
dynamics (Braaten et al. 2008) of age-0 green stoing

Conclusions and Preliminary Management I mplications

Throughout the 2008 egg and larval sampling seasmsignificant rain or related
natural flow events influenced the study area. éJfgacramento River temperature and flow
conditions and green sturgeon spawning habitatitond were primarily the result of water
management practices through water releases frast&Keswick Dam (Figure 8) and
conditions relating to the impoundment and diversibwater at the Red Bluff Diversion
Dam (Figure 9 and 10). As suggested earlier,abk of spring outflow may have resulted in
lower spawner densities and subsequently low renant in the areas we sampled. Water
temperatures in the study area appeared to benisimdthin the optimal range for green
sturgeon eggs and larvae throughout our samplegefihe egg sample site above RBDD
(RK 424.5) encountered a brief period of time thaly be considered thermally sub-optimal
for hatchlings at the lowest temperatured.1°C; Mayfield and Cech 2004), whereas the
opposite sub-optimal range was noted during begiopls for eggs incubating downstream
of RBDD at RK 377% 17°C; Van Eenennaam et al. 2005). This suggesysaos50
kilometer section of the Sacramento River contateatperatures that were optimal
throughout the currently known spawning and incuaoaperiods. Considering the lack of
rain and runoff in the spring time period, it woagdpear that in 2008 the area in the vicinity
of RBDD isthermallyappropriate for spawning, incubation and hatchiRgsearch of
spawning habitat conditions below Tehama Bridgdamilton City where green sturgeon
are known to aggregate (Vogel 2008; M. Thomas, U@dds. comm.) needs to be conducted.
Furthermore, spawning of green sturgeon in the HamCity area needs to be determined
since downstream warming of river water temperatemipled with increased late spring
and early summer water diversions in this areadcoahstrain the riverscape available for
spawning and the earliest green sturgeon life stagiée extent and duration of the warming
and it's associated effects on spawners, eggsadaand juveniles needs to be documented
and analyzed to determine the potential impactSisoESA listed species.

Korschgen (2007) noted that multiple sturgeon sgespawning habitats have been
associated in areas “below or in close proximitimipoundments or other structures that
modify hydrologic characteristics or serve as ntigrabarriers”. RBDD’s location and
current timing of operations undoubtedly falls itihes category with respect to green
sturgeon. Concerns beyond sporadic direct impeEd®BDD to this species (e.g., 2007 adult
mortality event; NMFS 2008) include the effectsdain operations on the reproductive
success of green sturgeon. It has been confirhsdpawning is occurring before and after
the May 15 gate closure upstream, directly belowd, @ownstream of the dam. Acoustic
telemetry data from 2008 indicated a behavioratattaristic of green sturgeon in terms of
repeated migration between two specific locatidsThomas, UCD, pers.comm.). From
one of these locations spawning was confirmed tjindbe results of this study, the other
was not sampled. It is highly likely that the unakoccurrence of the 10 green sturgeon
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deaths in 2007 (NMFS 2008) was the result of gstergeon spawners staging between
upstream and downstream spawning habitats thrdwggbdurse of their normal spawning
behavior as was noted for white sturgeon in thet&oai River, Idaho (Paragamian and
Kruse 2001). The emergency gate closure in 2007 hrage temporarily blocked individuals
from staging areas or spawning areas upstreaneafam. Individuals were then allowed
free passage upstream during the mandatory 5 dag gased period prior to the 4 month
closure on May 15. Some green sturgeon may hafegtunately been caught by the dam as
they traveled back downstream to staging areastarden spawning activities at potential
secondary or tertiary spawning locations. In 20@Bemergency closure was implemented
and tagged adults were not documented as haviregtremgrations above and below RBDD
prior to its closure (Israel et al. 2009).

To determine the effects of RBDD on green sturgeesearch efforts will need to be
focused on determining the extent of the spawnatgtht eliminated from access by
upstream migrating adults under various RBDD ofregatcenarios, the possible effects of
depensation through the allee effect (upstrearhetiam) or the possibility of abnormally
high egg predation levels or egg burying for thegawning at RBDD, and other related
potential genetic implications of a dynamic baroecurring within the spawning area of
green sturgeon. More research under a varietyatémyear types to achieve full confidence
concerning the timing and location of green sturgggawning events coupled with greater
information on the microhabitats and water condsii the Sacramento River will need to
be known to configure habitat restoration actiongwer flow manipulations to promote
reproduction and survival of green sturgeon. laseel knowledge of spawning areas so
biologists and managers can estimate the annualgtagn of reproducing adults, monitor
spawning activity and success, and assess habitabidity is the foundation for appropriate
management of the Sacramento River’s limited wasources. This knowledge would
ultimately allow greater protection and recoveryte only currently known spawning
population of SDPS green sturgeon.
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Table 1. Weekly rotational green sturgeon larval sampling matrix for the period May 26 — August 29,

2008. Sites were sampled Tuesdays and Thursdays in the mid-channel (M) or at bridge pilings on
the river right (R) or river left (L) at RK 429 (Jelly’s Ferry), RK 415 (Bend), RK 391 (RBDD), and RK
369 (Tehama). Sample times were between 21:39 and 00:53 (T,;) and 00:41 and 04:54 (T,).

T T

5/26-5/30 RBDD M M
Tehama L -

Bend L R

Jelly's L R

6/9 - 6/13 RBDD M M
Tehama R L

Jelly's R L

Bend R L

6/23 - 6/27 Tehama L R
RBDD M M

Bend L R

Jelly's L R

7/7-7/11 RBDD M M
Tehama L R

Jelly's L R

Bend L R

7/21 -7/25 Tehama L R
RBDD M M

Bend L R

Jelly's L R

8/4-8/8 RBDD M M
Tehama L R

Jelly's L R

Bend L R

8/18 - 8/22 Tehama L R
RBDD M M

Bend L R

Jelly's L R

6/2 - 6/6

6/16 - 6/20

6/30-7/4

7/14 - 7/18

7/28-8/1

8/11 - 8/15

8/25 - 8/29

Tehama
RBDD

Bend
Jelly's

RBDD
Tehama

Jelly's
Bend

Tehama
RBDD

Bend
Jelly's

RBDD
Tehama

Jelly's
Bend

Tehama
RBDD

Bend
Jelly's

RBDD
Tehama

Jelly's
Bend

Tehama
RBDD

Bend
Jelly's

Ty T2
R L
M M
R L
R L
M M
L R
L R
L R
R L
M M
R L
R L
M M
R L
R L
R L
R L
M M
R L
R L
M M
R L
R L
R L
R L
M M
R L
R L
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Table 2. Summary of green sturgeon egg sampling effort in wetted mat days (one sampler set for 24 hours) at three sites on the upper
Sacramento River, CA.

Location MicroHabitat '  Start Date End Date  Single Mat Effort (d) Paired M at Effort (d)
Massacre Flats (RK 424.5) Upstream 4/22/08 7/3/08 143.21 71.61
Within 4/22/08 8/1/08 202.80 101.40
Tail 4/22/08 7/15/08 159.73 79.86
RBDD (RK 391) 3D Mat 5/29/08 6/10/08 15.87 7.94
Egg Roll 5/29/08 5/30/08 099 -
Egg Mat 5/28/08 7/18/08 171.92 85.96
Antelope Creek (RK 377) Upstream 4/22/08 7/3/08 142.48 71.24
Within 4/25/08 8/1/08 191.95 95.98
Tail 4/22/08 7/18/08 172.61 86.31
Total 1,201.58 600.29

! Microhabitats were not designated at quasi-natural site (RBDD below dam gate hydraulics); effort tallied by egg sampling design type.
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Table 3. Summary of estimated spawn date/time for green sturgeon egg samples collected in the upper Sacramento River, CA. Estimated
spawn date 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.

Date River KM Egg Count Spawn Date/Time Stage Comme nts

5/2/08 424.5 6 4/30/08; 10:30 18 Small blastopore

5/2/08 424.5 1 4/30/08; 10:30 16-17 Mid-size yolk plug

5/2/08 424.5 2 4/30/08; 10:30 - Fertilized & died, 2™ egg too crushed

5/6/08 424.5 1 5/3/08; 10:30 19-20 Early neurulation

5/9/08 377 1 5/9/08; 6:00 3 Grey crescent

5/9/08 377 1 5/8/08; 10:00 12 Late blastula, egg chorion broke open during exam
5/13/08 377 2 5/12/08; -- - Fertilized & died, 2™ egg too crushed.
5/20/08 377 1 5/15/08; -- 30 Heart tube formation and tail tip approaches the heart
5/20/08 377 4 5/17/08; 6:00 23 Closed neural tube
5/20/08 377 1 5/17/08; 6:00 17 Yolk plug
5/20/08 377 1 5/17/08; 6:00 23 Closed neural tube
5/20/08 377 1 5/17/08; 6:00 13 Death at gastrulation

6/6/08 377 6 6/5/08; 22:30 10-11 Late cleavage to early blastula

6/6/08 377 3 6/5/08; 22:30 10-11 -

6/6/08 377 1 6/5/08; 22:30 5-6 Stopped at 2™ or 3" cleavage

6/6/08 377 1 6/5/08; 22:30 11 -

6/6/08 377 1 6/5/08; 22:30 11 -

6/6/08 377 1 6/5/08; 22:30 - Semi-crushed GS egg; no obvious signs if fertilized initially
6/10/08 377 1 6/7/08; 10:30 25 Development of posterior trunk and tail regions
6/10/08 377 1 6/7/08; 10:30 - GS egg-crushed; cannot say if it was viable and then died
6/10/08 377 1 6/9/08; 22:30 9-10 Late cleavage
6/10/08 377 1 6/9/08; 22:30 - Semi-crushed GS egg; no obvious signs of initial fertilization
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Table 3 Continued.

Date River KM Egg Count Spawn Date/Time Stage

Comme nts

6/13/08 424.5 1 6/10/08; 22:30 19

6/20/08 391 1 6/19/08; 8:30 13
7/7/08 377 1 7/4/08; 22:30 20
Total 42

Early neurulation
Early gastrulation

Early neurulation
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Table 4. Summary of approximate egg mat depths recorded during the 2008 green sturgeon egg mat sampling season.

Sample Depths (m)

Sample Location Microhabitat Minimum  Average Maximum
Massacre Flats (RK 424.5) Upstream 1.25 1.69 2.59
Within 2.90 5.02 7.25

Tail 1.07 1.74 5.18

RBDD (RK 391) N/A 0.46 0.89 1.89

Antelope Creek (RK 377) Upstream 2.04 2.40 3.11
Within 3.47 4.75 7.56

Tail 0.82 1.56 2.59
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Table 5. Total stratified sampling effort for green sturgeon larvae for the period May 27 — August 15, 2008. Sampling occurred between the
hours of 21:39 and 00:53 (T,) and 00:41 and 04:54 (T,). Sampling from bridge pilings occurred at Jelly’s Ferry Bridge and Bend Bridge on river
right (BP,) and river left (BP,). All sampling at RBDD was conducted from the Bypass Outfall in the middle of the river channel (Mid-channel).
Tehama Bridge sampling occurred at the most river right bridge piling (BP;) and the next adjacent piling towards river center (BP,).

Mid-channel BP; BP,
Sample Site T, T, T1 T, T1 T, Effort (min)
Jelly's Ferry Bridge (RK 429) N/A N/A 364 369 373 383 1,489
Bend Bridge (RK 415) N/A N/A 368 363 394 388 1,513
RBDD Bypass Outfall (RK 391) 901 682 N/A N/A N/A N/A 1,583
Tehama Bridge (RK 369) N/A N/A 310 368 310 427 1,415
Total 6,000
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Table 6. Exploratory sampling effort for green sturgeon larvae during the period May 27 — August 15, 2008. Exploratory sampling occurred at all
four Tehama Bridge Pilings (1-4), both accessible Woodson Bridge pilings (1, 2) and the RBDD Bypass Outfall (Mid-channel). Bridge pilings were
numbered from river right towards river left.

Sample Site Mid-channel 1 2 3 4 Effort (min)
RBDD Bypass Outfall (RK 391) 318 N/A N/A N/A N/A 318
Tehama Bridge (RK 369) N/A 93 92 703 696 1,584
Woodson Bridge (RK 352) N/A 54 181 N/A N/A 235
Total 2,137
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Table 7. Approximate river water depth of benthic D-net as taken from stern of sampling boat. Bridge pilings were numbered from river right
towards river left. RBDD Bypass Outfall was located mid-channel. One sample was taken at Woodson Bridge piling 1; standard deviation not
applicable.

River Depth (m)

SampleSite Bridge Piling Minimum Average Maximum St Dev
Jelly's Ferry Bridge (RK 429) 1 6.40 9.24 16.50 3.96
2 10.10 11.85 12.90 0.78
Bend Bridge (RK 415) 1 2.70 3.75 4.60 0.67
2 8.90 9.92 10.70 0.56
RBDD Bypass Outfall (RK 391) - 2.50 6.26 7.50 1.09
Tehama Bridge (RK 369) 1 6.00 6.37 7.10 0.40
2 6.00 6.76 7.20 0.45
3 5.80 9.05 10.50 1.35
4 3.50 5.58 7.00 1.44
Woodson Bridge (RK 352) 1 23.40 23.40 23.40 --
2 13.80 14.30 15.80 1.00
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Table 8. Summary of information derived from larval green sturgeon samples captured at the RBDD Bypass Outfall (RK 391) Sacramento River,
CA. Estimated spawn date was back calculated based on larval stage (Dettlaff et al. 1993), developmental rates of green sturgeon (Deng et al.
2002; Van Eenennaam et al. 2005), and mean daily Sacramento River water temperatures.

Total Estimated Estimated
Capture Estimated Length Days to Age Post
Date Spawn Date Developmental Stage (mm) Hatch Hatch (days)
6/17/08 5/28 - 5/30/08 45 (complete yolk sac absorption) 25 7 12-14
6/17/08 5/28 - 5/30/08 45 (complete yolk sac absorption) 24 7 12-14
6/17/08 5/28 - 5/30/08 45 (complete yolk sac absorption) 26 7 12-14
7/15/08 6/25 - 6/27/08 45 (complete yolk sac absorption) 25 7 12-14
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Figure 1. Locations of green sturgeon egg and larvae sample sites in the upper Sacramento River,
CA.
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Figure 2. Artificial substrate samplers used to sample for green sturgeon eggs in the upper Sacramento River; a) egg mat; b) egg tube; c) egg
roll.
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Figure 3. Underwater video camera with sounding weights and carrier positioned in deployment apparatus (Groves and Garcia 1998).
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Figure 4. Benthic D-net attached to frame (bucket not attached) used to sample green sturgeon larvae on the upper Sacramento River, CA.
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Figure 5. Temporal distribution of green sturgeon egg samples collected at RK 424.5 (red bars), RK 391 (blue bars), and RK
377 (green bars) on the Sacramento River, CA. Black vertical line indicates lowering of the RBDD gates on May 15, 2008.
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Figure 6. River depth of green sturgeon eggs sampled from egg mats at RK 424.5 (red bars), RK 391(blue bars), and
RK 377 (green bars) on the Sacramento River, CA for the period May 2 - July 7, 2008.
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Figure 7. Photos of three green sturgeon eggs (various stages of development) sampled during egg mat sampling. Note sand adhered to each
egg, indicating an adhesive jelly coat.
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Figure 8. Estimated green sturgeon spawning dates (inverted red triangles), Sacramento River mean daily flow (dark blue), and hourly
temperature (red) at Massacre Flats (RK 424.5). Black vertical line indicates when RBDD gates were lowered on May 15, 2008.
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Estimated Spawning Date and Sacramento River Condit  ions (RK 391)
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Figure 9. Estimated green sturgeon spawning date (inverted blue triangle), Sacramento River mean daily flow (dark blue), and hourly
temperature (red) at Red Bluff Diversion Dam (RK 391). Black vertical line indicates when RBDD gates were lowered on May 15, 2008.
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Estimated Spawning Dates and Sacramento River Condi  tions (RK 377)

400

375

350

325

300

Temperature (T)
Flow (m3s™)

275

250

225

. . 200
5/1/08 6/1/08 7/1/08 8/1/08 9/1/08

Figure 10. Estimated green sturgeon spawning dates (inverted green triangles), Sacramento River mean daily flow (dark blue), and hourly
temperature (red) at mouth of Antelope Creek (RK 377). Black vertical line indicates when RBDD gates were lowered on May 15, 2008.
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Figure 11. Average hourly Sacramento River water temperatures at RK 424.5 (red circle), RK 391 (blue triangle), and RK 377 (green
square) for the period April 22 to August 15, 2008. Time at midnight noted as 00:00:00.
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Table A1. Summarized species capture results by location from the 2008 green sturgeon larval sampling efforts; bridges denoted as Br.

Species Jelly's Ferry Br.  Bend Br. RBDD Bypass Outfall TehamaBr.  Woodson Br. Total
American shad (egg) 0 1 2 807 5 815
Chinook salmon 1 1 5 0 0 7
Cottid fry 1 1 16 12 0 30
Cyprinid fry 14 32 152 327 8 533
Green sturgeon 0 0 4 0 0 4
Lamprey fry 2 5 0 9 2 18
Leech 0 1 0 0 0 1
Prickly sculpin 0 0 7 1 1 9
Rainbow trout 3 2 0 0 0 5
Riffle sculpin 0 0 2 3 0 5
Sacramento sucker 7 4 23 32 0 66
Three spine stickleback 0 0 4 0 0 4
Unknown 1 0 2 0 0 3
Unknown (egg) 2 0 0 1 0 3
Unknown invertebrate 0 1 0 0 0 1
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