Cruise Report

California Current Ecosystem LTER Program

CCE-P2107 Cruise R/V Roger Revelle,
13 July i 13 August 2021

Compiled and submitted by: Katherine Barbeau, Chief Scientist

Scripps Institution of Oceanography, University of California, San Diego

Cruise ID: CCE-P2107 (= RR2105)

Depart: 13 Jul. 2021, 1000 (PDT), MarFac

Return: 13 Aug. 2021, 1030, MarFac

Vessel: R/V Roger Revelle

Master: Captain Wesley Hill

Chief Scientists: Michael
Stukel/Katherine Barbeau

Science Technicians: Joshua Manger
(S10), Caitlyn Webster (SIO), Brent
DeVries(SIO)

Operator: Scripps Institution of
Oceanography



Contents

Cruise Participants . 6ééeéééeeéée €éé. é6ée. ééeeéexeeé
Science Objectives eééecéeééeéé. éeecée. é.é.eécéke
Overview of the Science Plan eééeé. . .e. .. éee eé. eéex

Brief chronology of Cruise P2107 € éééééé. ééeééé. é. é. éééé%xeé
Group Reports €EE6é.66éeééecééecé. . ecé.cé.ééee. . édeé

Daily Activity Schedule eeeéé

[N
D~
@
[N
[N
[N
D~
D~
(D
[N
D
D
[N
[N
N
()]

r\)]ﬂ H220 H210 ’4 200 H190 B0k
Som

Chi-a, 2021408, Auguet, 2021

A .

nns n nz s

Partial cruise track for CZHER cruise?R07 off the coast of Central and Southern Califorrdadspanning
the California Current While underway, continuous measurements were made of pHép@itytoplankton
pigments and variable fluorescence by Advanced Laser Fluorescence Analyzer (ALF#ggoenity acoustic

backscatter by B0, and standard o@n (Temperature, Salinity, dissolved Ghia fluorescence, etc.) and
meteorological variables.
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SCIENCE OBJECTIVES

This cruise, designate@P07by CCH.TERor RR2105 for R/RogerRevell® was thethird process
cruise inPhase Ill athe California CurrenEcosystenhong Term Ecological ResealCCH.-TER

program supported by NSHP2107focused on crosshore fluxesplankton community changeand
biogeochemicaéxport (of nutrients, organisms, nitrogen, and carh@ssociated with coastal
upwelling. P2107employed aseriesof integrated approaches. The fundamental approach was guasi
Lagrangiarexperimental studiesandin situmeasuremens carried out while followin@ discrete water
parcels, the firs2 of which wee part of a coastlf upwelled water masswve identified off Pt. Sur,
California. Thé¢hird and contrastingvater parcel wast the outer edge of theCalifornia Currenand

the inner edge of the Pacific gymauchfarther offshore. These quakagrangiarseries of
measurements (each of which we term a "Cydgttepeatedmeasurementsyvere complemented by
several related activitiesdeploymens of multiple autonomous instrument&ooglider Sprayglider, in
situ incubationdrift arrays,drifting sediment trap9; a radiator survey that paralleled the coaatdiel
study of an upwelled water massuth ofMonterey Bay; an extended transect across the CA Current
Systeman alongshore sampling transedetailed sampling in Santa Barbara Baaid the San Pedro
DDT siteextensiveremote sensingupport(includingsatellite sensorand coastal higifirequency

radan; andtransectsurve\s of the Benthic Boundary Layer over thentinental shelin two locations.

Our specifiobjectives were tainderstand and quantify key mechanisms that transport coastal
production and populations offshore in the CCE region, including the magnitudes and length scales of
transport and their climate sensitivitiesThe principal hypotheses wesght to test were:

H.: Lateral transport dominated by the interaction of Ekman transport and westward propagating
coastal filaments provides a significant flux of nutrients and organisms to offshore waters

H,: Carbon export associated with offshorertsaort is determined by in situ evolution of communities
and nutrient regimes, and by subduction occurring largely at sharp frontal density gradients.

The processes measured this cruiséncluded primary production, phytoplankton growth rates,
nitrate uptake,silicic acid uptakesecondary productiolby bacteria grazingoy microzooplankton and
mesozooplanktoniron limitation effects on phytoplankton growth, carbon and nitrogen cycling
between dissolved and particulate phasasd elemental export in both piéiculate and dissolved
forms. The pelagic food welvas characterized by stataf-the-art measurement methodsncluding
omics approacheffor prokaryotic and eukaryotic microbgsighresolution imaging (phytoplanktorot
mesozooplanktonjand multi-frequencyacoustic backscattefdr mesozooplankton and nektyn
Vertically stratifieddistributions of zooplankton were assesssdMOCNESS, complementeditgitu
imagery froma UVPHD mounted to the CT-isetteand autonomougooglider Several new ancillary
programs were also represented on this cruighe Lamborg/Schartup group from UCSC and SIO
studied Hg biogeochemistry, and the Diaz group studied P biogeochemistry. Sevenalsitew
visualization technologies were tested by the group of Tristan Bigliast measurementsvere made in
a Lagrangianeference framewhile following discrete water parcels fdr5 days at a time.Two of hese
water parcelsvere selected torepresert different stages in the temporal evolution afvater mass
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upwelled nearPt. Suri.e., nearshorén the freshly upwelled water mass and latey upwelled waters
and entrained communities were advected offsharigh Ekman flonand subductedwhere export
fluxes were expected to be elevatedhethird water parcel was representative tife oligotrophic
westernedge of the CA Current and providadtrong contrast icommunity structure to the water
masses influenced by coastal upwelliAgransect between these extremes was conducted to
document the lateral transitiosl ABenthic Boundary Layer (BBL) stirywo regions (3 stations near
Pt. Sw and 9 stationsorth of ornear Pt. Conception) was conductedunderstand the relationship
between coastal irosupplyin nearshore sedimentand the flux of iron into the coastal ocean via
upwelling and advectionAn alongshore net sampling transedso documented changes in the
zooplankton community alontpe mosaic of water mass@s the upwellinginfluenced regionWe also
sampled the DDT dump site San Pedro Basio document the potential impact of DDT on the local
community, and exploréhe utility of DDTas a foodweb tracer.

OurBroader Impactsactivitiesincluded providing seagoingesearchopportunitiesand trainingfor 20
graduate studentstwo volunteers,andthree postdoctoral investigatar. A URM undergrahte also
participated in the cruise as part of &OA/REupplement withAssistant Professor Darcy Taniguehi,
faculty member at CSUSM Minority-Serving, Primarily Undergraduate Institutiow/e communicaed
with the general publizia an online blogreaed by graduate studestRalph Torres and Jamee Adams
(https://cce.lternet.edu/blogs/201908y.

OVERVIEW OF THE SCIENCE PLAN

Preparations for this cruise began with deployment &mayocean glider odune8, 2021 (Jeff

Sherman andan RudnickDG, SIQ}o characterize crosshorefluxes on a line extending from Pt.
Conceptionin the southto Pt. Piios at the southern endfdVionterey Bay.The glider profiled from 500

0 m. Concurrently with this deployment, and prior to departure of the R&gerRevelldrom MarFac
onJulyl13,2021, satellite and high frequency coastal radar (CODAd®RIna Frants, S)Omages wez
generated daily to identify regions of filament formatiofihe remotely sensed variablagalyzed
included Chh (at 1.1 km and 300 m horizontal resolution, Mati Kahru, ;387T (Mati Kahru, SIO); Sea
Surface Height and derivadiriablegFinite Sizeytapunov Exponds, OkubeWeiss parameterAlain de
Verneil atNYUAbu Dhabi. Glider andemote sensinglata werealsoexamined daily at sea to guide site
selection for Lagrangian Cycles.

After departureof R/VRogerRevelleF N2 Y { MARBACIbaI¥13 at 1000,we calibrated the EK80
acousticsystem in both broadband and narrowband mod#fée then steamed to the test station site and
completed a series ajverthe-sideinstrumenttests. Wethen steamed to thestartinglocation of our
radiator surveyandbegan underway sampling for nutrien@hl-a, HPLC, POC/POMNitrientsand?34Th
alongthree south-north lines extending from Pt. Conception to Pt. Pifios, at successively greater
distances fronshore gee cruise track Pgabove, in order toprovide measurements needed to
calculate crosshore fluxes of mass, nitratesinga Temgrature-NO; proxy), andParticulate @ganic
Carbon, between each pair surveylines From this surverndthe glider measurements above
(satellite unaailable due to cloud cover) it became apparent that there was little evidence of active
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upwelling features along the coast, there having been very light winds for SomeeWhile waiting for

a wind event to occur, we carried oatdiel sampling survey an upwellinginfluenced water mass just

off Monterey Bayreferred to hereafter as th®iel Sation). We also carried out benthic boundary layer
(BBL) transect #tb continue our time series sampling of these siteem Cambria on the Big Sur coast
south to just past Piat Conception. This was followed by a sampling station in the Santa Barbara Basin,
a biogeochemically interesting suboxic basin.

Starting around July 20, a forec&stlaywind event began, reaching Zb knots in someoastal

locations. After concludinthe BBL transectn the 21stwe conducted a underwayshipboard
meteorological MET) dataand CTD survey back up the coast, looking for a fresh upwelling location. In
this way, along with th&prayglider data, we identified a relatively cool, salind dense recently

upwelled water mass justestof Pt. SurWhile not a filament per se, ginghe extended relaxation

phase in the forecast we concluded that this water mass offered us the best chance in our study area to
follow the development of an upwelled water mass as it moved offshore due to the influence of Ekman
circulation. Thus we indited Cycle Just off Pt. Suyrabout25km from shore deploying the sediment

trap late on July ZLand the first drift array prelawn on July 22. Zooglidera novel autonomous
zooplankton imaging systeand dualfrequency Zonamounted on a glidetogetherwith CTD and
fluorescence sensorsvas deployed on Day 1 of Cyclarid piloted remotely tdollow the movements

of the drifters.After a 4dayLagrangiartycleconductedin the upwelledwater mass as it moved slowly
offshore,earlyon July26™ we left an empty drift array in place to mark the water mass at the last drift
array location andecoveredthe sediment trapwhich had separated somewhat from the drift array.

We leftto perform BBL Transect #2 near Pt. Sur to characterize iron sourttesriggion. Late that

night a diversion to Monterey was necessary to drop off Chief Scientist Mike Stukel, due to a family
emergencyKathy Barbeau assumed the Chief Scientist position at this point.

Returning to themarkerdrift arrayearlyon July27"", based on observations @hl-a, salinityand SST in
the a K Aflbdexlrough system, as well as a CTD profile cavecluded that the main upwelled water
mass wasiow to the northwest of ourcurrentdrift array location, closer tour previous sediment trap
location. We moved in the direction of our last sediment trap location and used theukidErwaydata

to identify thelocation of theupwelled water mass based on high@i-a, higher salinityand lower SST.
We initiated Cycle i this water mass on thevening of the 27th, deploying thé%sediment trap

outside of the Monterey Bay sanctuary and nearby shipping routes. We stayed in this cydaelifor 4
days and witnessed a significant change in the community as the water mass continued to advect
offshore to the northwest eventually reaching over 120 km offshofiée chlorophyll maximum
decreased greatly in magnitude and dropped lower in the water column as a layer of fresher water
moved in at the surfacélhe sediment trap and drift array tracked togettfor Cycle 2Werecovered

the sediment trap and conclude@ycle 2n August 1. Our final Lagrangian cycle, Cycle 3, was initiated
about800 km offshorenearthe western edge of the California Current, in oligotrophic waters with a
very deepchlorophyll maximun{~120 mj. This provided a very contrasting community to the upwelling
influenced waters and was an endmember of particular interest to many in the science party. The
community remained stable and the drift array and sediment tragked together for the 4-days of

the cycle.



For eactrycle Globalstattracked sedimentraps and an in situ incubatiadrift arraywere used to
follow water parcels over repeated day/nighteasuremens in orderto quantify the temporal evolution
of rate processesind planktoncommunity composition Both sednent traps andlrift arrays employed
a3-m tall x Xm diameterholey sock drogue centered &6 mdepthand telemetered positions ashore
via Iridium every 10 minAll aher measurementsvere made irthesesamewater parcelsn close
proximity to thedrift array(ca. 108150 m away,)or centered on thalrift array(in the case of towed
nets likethe bongo and MOCNEE $ncubation bottleswvere suspendedrom the drift arrayat six
depthsspanning the euphotic zona order to determine specific growth ragef phytoplankton and
specific grazing ratesf microzooplanktor(usingseawater dilution experimentsin situ rates of“G
based primary productiaoriFelimitation, andNew Productionom ®NGQ; uptake Additional
measurementsamplesat the drifter locatiorsincludedFelimitation incubations,vertical profiles of
trace metalssampled with aracemetal clean rosette*Ghased primary productiort®NGs” and *°*NH,*
baseddiel measurements of nitrate and ammonium uptal&ilicic acid uptakby rhizarians®H-leucine
based bacterial productioand also an amino acid taggi#gsed method of assessing bacterial
production analysis of stable isotopes of §, and Qreactivity ofDOC and DONpeciation and
bioavailability of DOP2Th2%U disequilibriumpmicrobial diversity assessed by 16S and 18S ribosomal
subunit genesphytoplankton pigments by HPLC; sieactionated Chl; POC and POMNiogenic silica
measurementspicoplankton samples for flow cytometry; microplankton samples for epifluorescence
microscopymesozooplankton biomass and graz{a@ gut fluorescendan five size fractionfrom
bongo tows mesozooplankton community compitisn from bongo tows and shorbased Zooscan,;
mesozooplankton vertical distributions via MOCNESS sarfgplBdNA metabarcoding and Zooscéne
zooplankton sampling via ring nets, bongos, and salp Rttizarian community analysis and C and Si
compositon; andvertical profiles of macronutrients aretandard hydrographieariables.In addition,
continuous underway measurements were made ondh& AubdQriaminatedseawater system,
including phytoplankton pigments, variable fluorescencé, and ©®OM, all using an dvanced Laser
Fluorescence AnalyzhLR; Chekalyuland Hafez. 2008. LOM: 6:99Imaging FlowCytobot (IFCB)
samplesgontinuous pCg standard shigorovided measurements afceansurface propertieand
meteorological variable§MET data)ADCRlerived currentsat 75kHzand later at 30 kHz(only from 8
Aug., 1545)and ERO acoustic backscatterin situ planktorand marine snovimages were acquiredro
all CTkrosette casts using a high definititinderwater Vision Prdér (UVB-HD). Measurements are
described irgreaterdetail belowin the groupspecific entries

Immediately following the conclusion of Cycle 3 on August 7, we initiated a transect eastward back
across the California Current 8ym, referred to as the California Current Transect (CCT). This consisted
of 9 stations whichwith the addition ofthe Cycle ay4/5 samplingscovered theull range of

hydrographic conditions and foodweb structure from the oligotrophésternedge ofthe CA

Current/gyre interface to upwellininfluenced coastal waters. Sampling at e&Tstation included a

CTD with water column sampling for hydrography, biogeochemical parameter&&aitd‘Th

disequilibrium; a trace metal rosette cast; a standablique bongo tow for quantitative zooplankton
sampling, and aalpnet for live zooplankton samplirend associated rate measuremenfooglider

having followed the general track of Cycles 1 and 2 and then continued out into the eastern edge of the
CA Cuent for 18 days, was recoveratif small boabn August 9 between CCT stations 6 and fie
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eastern edge of the CCT intersected with another trangbet Alongshore Transect (AT), carried out on
August 1@ and 11". The AT transect includeds&tionsextending alongshore from San Simeon in the
north to the Point Arguello region in the south. The CT and AT transects overlapped at AT Station 4 (=
CCT Station 9). Each AT station included a CTD cast for basic hydragreghyOC, and bSi sarmg,
followed by bongo and salp net tows fguantitative and livezooplankton samplingSmall boat
zooplankton sampling was attempted near AT Station 5 on the evening of Audugtdditional

sampling for incubation studies was performed at variousssiin both CT and AT transects. After
completing the AT transect and a deep cast#6fh in Arguello Canyon on August'1ive transited to

the DDT dump site off San@atalinan San Pedro Basiarriving on the morning of August".2At the

DDT sitave completed a CTD cast, McLane pump cast, EK80 survey, and deep MOCNESS tow before
transiting back to MarFac, arriving around 10:30 am on AugusttbZonclude P2107.

P2107was in generaja successful cruisdle overcame several challenges in pursdiour science
objectivesc we lacked a towe@&eaSoainstrumentplatform that we had originally planned on having,
there was essentially neeaktime satellite Chl-a or SSTata forthe entire cruise due to cloud cover,
weather conditions were not conducive to active upwelling and filament formation, and the original
Chief Scientist had to depart less than halfway through the cruise. Despite these difficultigerave

able tocomplete our prinary science mission and also address a number of ancillary questions which
will foster new directions and new scientific collaborations within our progreimeCaptain STS

personne) and crewwere instrumental in maintaining a close schedule of rothd-clock operations

and addressing the sometimes impromptu nature of our scientific inquiries



Brief Chronology of Cruise2R07

(seeDaily Activity Schedule at the end of this document, Brdnt Log for details and accurate times)

13 July2021 (1000PD7Y

13 July(1700)

14 July(0830- 2000)
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13 Aug(1030)

Depart MarFa¢departure delayed for high tide)
EK80 calibration

Testcasts and tows

Radiator Survegparallel to coast)
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BBL Transeetl

Santa Barbara Basin StatiQ©€TD, TMCTD, McLane
CTD Survey

Deploy sediment trap, Begin Cycle 1
DeployZooglider

Recover sediment trap, End Cycle 1
BBL Transect #2

M. Stukel drop off, Monterey

Deploy sediment trap, Begin Cycle 2
Recovesediment trapEnd Cycle 2

Transit to offshore site

Deploy sediment trap, Begin Cycle 3

Recover sediment trap, End Cycle 3

California Crrent Transec{CCTypiations1-6
RecoveiZooglider Annular survey, CTD

CCT Sttions7 & 8

Alongshore Transect (ATa8bns1-5; CCT &tion9
AT Sations6-8

Transit to DDT sitésan Pedro Basin
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GROUP REPORTS

Sprayglider surveys (Mark Ohman, Sven Gastauer, Jeff Sherman)

A Sprayglider (SN68) was deployéuorder to samplerior to, during, and after the P2107 cruise on
alongshore survey lines between Pt. Conceptiod Pt. Pinos. Its purpose was to identify regions of

-121° -120"

-Sep-2021 00:38 UTC!

-129°

Santa Barbara

Salinity

crossshore flow along the coast and to conduct
measurements suitable for the calculation of cross
shore fuxes of volume, mass, and nutrients (the
latter via a temperatureNGs; proxy relationship).
ThisSpraywas equipped with a Seabird CP41
pumped CTD, Seapoint nHBCF CHd fluorometer,
and 750 kHZ Sontek Acoustic Doppler Profiler. It was
deployed in Mongrey Bay on 8 June 2021 and
completed its survey of the region on 7 Sept. 2021,
with over 730 dives Dives were typically to 500 m
depth at 2.53 hour intervals. The glider track is
shown at left. Five survey lines were completed, 3
southbound and 2 na@hbound, prior to recovery off

The second southbound leg (13 Jglg Aug. 2021beganasR/VRogerRevelle
departedthe Nimitz Marine Faéily. Average horizontal flows between GQ
m revealed a strong flow toward the NW off Pt. Sur (blue vectors, left).

This region was associated with relatively cool (c4.()2 somewhat saltier,

and denser surface watgras seen in the upper left corner of the vertical
section plotsbelow. This signature is attributable to the influence of relatively
recently upwelled waters west of Pt. Sur, which became the focal region for
the location of Lagrangian Cycle 1.

Sigma-theta

Distance (km)
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Stukel Lab (M. Stukel, N. Yingling, J. Irving, C. Fender, K. Opeyemi, M. Roadman with substantial help
from Sydney Plummer, Anissa Garcia, and Moira Decima)

We had three goals for this cruise: 1) quantify the balance between new and export production
between coastal and offshore regions, 2) determine the composition of sinking matedishe

processes driving the biological pump, and 3) quantify phytoplankton production and growth rates and
protistan grazing rates. In addition to
these primary goals, we also deployeq
an in situ array to track water parcels
during Lagrangian experiments

To achieve our first objective, we
measured°NQs uptake, sediment
trap C and N flux, and®U-2*Th
deficiency.®NO; uptake was
measured during 24hourin situ
incubations conducted on our
experimental array at 6 depths on
each day of ouLagrangian cycles. Th
yielded a total of 72 samples that will
be analyzed on land. We also conducted deckbé&@®; and °NH; uptake experiments to quantify

diel patterns of nitrate and ammonium uptake and determine whether nitrate uptake was
underestimated during 24hour incubations. A total of three diel experiments were conducted, yielding
an additional 24 nitrate uptake measurements and 24 ammonium uptake measurements.

307?2 W

LagrangiarCycle Drifter Tracks. Red is sediment trap.
Yellow is in situ array.

We deployed sediment trapduring
each of 3 Lagrangian cycles. Vertex
style sediment trap crosgieces (8:1
aspect ratio, with a baffle on top of
similar 8:1 aspect ratio) were typically
shortly below the base of the euphotic |
zone (50 m or®ycles 1 and 2; 100 m on
Cycle 3) and at épths of 100 m, 150 m,
and 440 or 450 m. To quantify the
spatial variability and extent of carbon
flux, we used®U-**Thdeficiency
measurements.Z8U-2*Thdeficiency
was measured at 12 depths on two
profiles during each of our Lagrangian
cycles for omparison to the sediment
trap results (72 samples). It was also measured at 8 depths per CTD cast during a transect across the
region. We also measured surfaé@J-2*Thdeficiency in surface samples taken during a spatial survey

Chla (ug L")

120w TBW

SurfaceChlorophyll aduring spatial survey.
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were paired with surface samples for chlorophyll a, nutrients, POC, and HPLC.

To achieve our second

objective, wesubsampled the

sediment trap samples for a = Eggh:mne ?
multitude of measurements "o 2000} 445m 240
including: C and N,
particulate Sid'*C andd*N,
C?23Th ratios, Chiand
phaeopigments, trace metals,
organic molecules,

microscopy, genomics, and ol . II:. oL millm . I D
transcriptomics Cyzcle 1 Cyzcle ’
(transcriptomics sediment
trap tubes deployed with RNA|
Later in tubes to preserve
RNA contained in organisms
on sinking particles). We als
deployed tubes cordining
acrylamide gel to preserve aggregates and other sinking particles in their in situ shapes for microscopic
analysis. Initial results (based on pigments and preliminary microscopic analyses) suggest that export
was dominated by sinking fecal pellets Cycle 1 and (especially) Cycle 3. Total pigment flux was

1g m?
@
(=}
D

30

1000 20

Total pigment flux (¢
Phaeopigment:Chl a ratio (g:g)

5]
=]
S

Pigment Flux into sediment traps-aXis is Lagrangian cycle. Colo
are different depths Note that cycle 2 pigment samples run at se
were lost, but subsamples will be taken from other filters after
cruise to replace these samples

20

60 -

Depth (m)
Depth (m)
D

80

o]
o

100 100

nyc!e1 1
-~ Cycle 2

—l-Cycle 3
120 : : : - 120
0 0.2 04 0.6 0.8 1 0 0.1 0.2 0.3 04 0.5
Growth Rate (d”) Mortality due to Grazing (d'1)

Phytoplankton growth (left) and mortality due to grazing (right).

elevated in the coastal region (Cycle 1) and low offshore. To achieve our third goal, we condueted two
point microzooplankton grazing dilution experiments afd net primary productivity measumgents.
These experiments were conducted daily at six depths spanning the euphotic zone on the in situ array
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during our Lagrangian experiments. We conducted a total of 72ptwinot dilution experiments and net
primary productivity measurements. Samplesnh each of the dilution experiments were taken for bulk
chlorophyll a and flow cytometry. We found that phytoplankton growth rates typically exceeded

protistan grazing rates in the surface ocean by a substantial amount. This excess production was
potentially available to mesozooplankton grazers. In addition, we conducted three full (five treatment)
dilution experiments in deckboard incubators. The purpose of these experiments was to test the
assumption of linearity in the twpoint dilution experimentsand to support measurements assessing

diel variability in grazing, size specificity of grazers, the impact of reactive oxygen species on grazing, and
the impact of wildfire ash byproducts on grazing rates.

Full Dilution Incubations (Mike Stukel, Anissa @G, Sydney Plummer, Dante Capone, Anya Stajner,
Monica Thukral, with additional help from Natalie Yingling and Christian Fender)

A total of four 24hour deckboard incubations were conducted to determine microzooplankton grazing
and phytoplankton growthates. These incubations were used to test the assumption of linearity in
grazing rates obtained from twpoint dilution incubations conducted on the-gitu arrays and to

support additional science questions such as interrogating diel patterns in growtgraming. Briefly,
seawater was collected from the upper mixed layer (usually 12 m) before dawn and filtergon(0.1
Then, proportions of filtered and unfiltered seawater were gently mixed (20%, 40%, 60%, 80%, and
100% unfiltered seawater) to create eadient of microzooplankton and phytoplankton encounter

rates. Nutrients (ammonium, phosphate) were also added in select bottles to determine their impacts.
In select experiments, additions of antioxidants, ash leachate, and jasmonic acid were added to
determine their impacts on grazing and growth rates. Samples taken from these experiments included
chlorophylta, flow cytometry(for abundance of major microbial populations, as well as-spegctrum
analyses)DNA metabarcoding, epifluorescence slides, hgjdls preserved seawater, nutrients,
hydrogen peroxide production and decay, RNA, and metabolite samples.

Imaging FlowCytobot survey of phytoplankton communities (Tyler Coale, Allen Group

The Allen lab group deployed an Imaging FlowCytobot (IFCBgfduration of P2107, sampling near

continuously from the uncontaminated seawater system and running discrete samples from the trace

metal casts, conventional CTD rosette casts and incubation experiments. In keeping with best practices

for underway samptig, a Graco Husky 1050e electrjperated diaphragm pump was installed to supply

0KS aKALIQA dzyO2y Gl YAYLFGSR aSFeélF SN acgatdSye ¢KS LC
particles (<§150 um) over the course of the cruidggre below). 98 distihct taxonomic groups were

identified including 47 diatom and 28 dinoflagellate taxa. Additional groups imaged include Acantharea,
Appendicularia, Bicocoecales, Ciliophora, Crustacea, Dictyochophyceace and Prymnesiophyceae.
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Images per mL acquired by the IFCB sampling from the uncontaminated seawater system over the
course of the cruise.

Nitrogen and Organic Carbon parameter#luwihare Group (Ralph Torres, Lihini Aluwihare)

(1) Suspended particulate organic matter (POM) and stable isotopes
Samples were collected on 25mm GF/F filters to measure particulate organic carbon (POC) and

particulate organic nitrogen (PON) concentrations and*theand*Ccontent of suspended POMs
measured by isotope ratio mass spectrometry coupled to a CHN analyzer.

AAAAA

{ YL Sa ¢gSNBE O2fft SOGSR T NRA (6d&pds) s of the BBL Band I & (i &
[ n aAGFrdA2ya 60 RSLIIKaOLI | YR Raydb&AlyShmplek Beren® A St ¢
collected on the California Current Transect (CCT) due to CTD water budget considerations.

Volumes of 4L were drawn from the CTD Niskin bottles using Masterflex tubing into carboys (rinsed 3x)
covered with black plastic bags togment influences due to light. Samples were drawn by vacuum pump
at low vacuum and the filters were immediately stored&@°C. As noted below, these measurements
serve to provide baseline information for interpreting carbon and nitrogen isotopes inatitféood

web compartments.

2 15N03'

(S;mples were collected into 60mI HDPE bottles from a 47mm GF/F filter holder attached directly to the
bAalAy o266t SQa yz2I1 1-208C wishiR 30AmiN IS elidction) SThede sanplesd wérg I
taken tomeasure the®®N and'®0 composition of nitrate in the seawater, which serves as an important

control on nitrate isotopes recorded throughout the food web (of broad interest to the CCE).

A % 4 oA X

{FYLX $&a 6SNB 021t SOGSR TNRPMB@REBIINIKEDIZY RdNAY IO XKBA d

prior to commencing Cycle 1, and during the California Current Transect (CCT, 8 depths). Samples were
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also collected on the 4000 m cast, at the Santa Barbara Basin site, and the San Pedro DDT Dumpsite
Survey.

(3) TOC/DOC
Samples were collected into 40mL grembusted clear borosilicate vials to later measure either the

total or dissolved organic carbon concentrations. The primary intent from the TOC/DOC measurement is

to quantify one of the largest reactive organic resgrs in the ocean. 40mL volumes for DOC were

collected by passing seawater through a-pmmbusted 47mm GF/F filter holder attached directly to

GKS bAalAy o02i00tSQa y211tS® nnY[ @2fdzySa F2NJ ¢h/
Samplesvere immediately acidified to a pH of 2 using trace metal grade acid upon collection (within 30
min).

A 2 4 A x

{FYL S& gSNBE O2ftf SOGSR FNRY (GKS FANRG GNIyasSoOd fa
casts for Cyclesdo 6y RS LII Ka 0 SamiloeNdkiof B8 coiniiedcing GykI&S T, during the

California Current Transect (CCT), and during BBL Surveys 1 and 2. Samples were also collected on the
4000 m cast, the Santa Barbara Basin site, and the San Pedro, DDT Dumpsite survey.

4) FDOM

FSa)lmpIes wereollected into 40mL preombusted amber borosilicate vials to later measure the

fluorescent properties of DOMwhich offers a coarse description of DOM composition. Samples for

C5ha 6SNB 02fftSOGSR FTNRY {XSdepgthg)20f) ¢ 3/ 6 KSOBRA S & 2 AL
prior to commencing Cycle 1, during the California Current Transect (CCT), and during BBL surveys 1 and

2. Samples were also collected on the 4000 m cast, the Santa Barbara Basin site and the San Pedro, DDT

Dumpsite survey.

(5) Metabolites

To analyze marine community metabolomes, we enriched metabolites from acidified seawater samples
(and in the case of the San Pedro DDT dumpsite, from unacidified water as well) and separated them

from salts using solid phase extraction (PPL ichy#s) cartridges. After drying the cartridges with

compressed hgas, we stored them at20°C until further processing ashore. Samples for marine
O2YYdzyAile YSiGloz2ft2YSa gSNB 02t §0B GephsfdBnythary 2 2 v ¢
& R A Sripling piidr to commencing Cycle 1, during the California Current Transect (CCT), and during

BBL surveys 1 and 2. Samples were also collected on the 4000 m cast (100 L volume), the Santa Barbara
Basin site and the San Pedro, DDT Dumpsite survey (in aduitibe traditional 1L samples we also

collected 25 L of acidified and 25 L of unacidified seawater to be PPL extracted from near the basin

sediments (~850 m)).

Ashore, we will elute metabolites with methanol from the cartridges and analyze them vid Liqui
Chromatography Tandem Mass SpectrometryMSIMS). Samples from the San Pedro DDT Dumpsite
survey will be analyzed by Gas Chromatography Electron Capture DetecteC{,{HCGH®IS or both.
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(6) Bacterial Biomass and Productip(incl. Megan Roadman (M samples), Clay Mcclure (Bowman

Group; Bac'gerial Production o A o
{FYLX Sa FT2NJ ol OUSNRAFf O0A2Yldaa OADPSPE C/alvL GHGSNB O2
1co o0y RSLIIKAOXEX RdAzZNAYy3I (GKS GRASE ¢ al YCalfomig3d LINA 2 NI
Current Transect (CCT). Other groups on the cruise also collected samples from other CTD casts and
experiments. To measure bacterial cell abundance and size at each depth cryovials were filled with 3 mL

aSk gl iSNE FAESR ¢ kmaldehyde; flash$rgzenandiquid nittogeh,Jardbtdred at

ync/ ® {lYLXSa gAftf o6S lFylLftel SR o6& YINBy {StLK Ii

{FYLX Sa F2NJ oFOGSNAIFT LINRPRdAzOGAZ2Y NI (863@dspE), O2f f SO
and during the California Current Transect (CCT). To estimate rates of bacterial protein synthesis,

seawater was incubated with approximately 20 AiMleucine for one hour at 9°C in triplicate with one

control killed with final concentration 5%CA. After the incubation was complete, all samples were

killed with an addition of 100% TCA for a final concentration of 5% TCA. Samples were then pre

processed at sea by the centrifugation method. The dried pellets after the 80% EtOH wash were frozen
andstored at-20°C. On shore, the pellets will be defrosted, scintillation cocktail added, and the tube

assayed by liquid scintillation counter. Disintegrations per minute are converted to protein synthesis

rates. This calculation is normalized by the cqoeesling cell abundances.

Comparative samples for bacterial production using BONBi&®drthogonal norcanonical amineacid
tagging)methods were collected from thé y 2 ZV¥castof Cycles B. To obtain an estimated rate

of bacterial protein synthesis, seawater samples were incubated with 1 miMaafdohomoalanine for
three hours at around 20°C in triplicate with one control sample killed with a final concentration of 4%
parafomaldehyde PFA. After incubation was complete, all samples were subsequently killed with an
addition of 37% PFA for a final concentration of 4% PFA. Samples were then frozen and skiied at

to await processing. On shore, the samples will be defroatetlundergo straipromoted DBCO
(dibenzocyclooctyneglick chemistry steps. All samples will be assayed with flow cytometry to obtain
fluorescence values to estimate production rates.

(7) Microbial Community Compositierfto be analyzedh collaboratiorwith !y Re | tt § yQa 3INEdz
{FYLX Sa FT2NJ ol OUSNRAFEf o0A2Yladaa IyR LINRRddzOUARY 6 SND
0y RSLIIKAVLI RdAdZNAYy3a (GKS aRASEE &l YL AYy3a LINA2NI G2 O
during theCalifornia Current Transect (CCT). Samples were also collected on the 4000 m cast, at the

Santa Barbara Basin site, and at the San Pedro Basin DDT dumpsite. Other groups also collected similar
samples for their experiments.

For each sample, 4L (andsomerSa F+a fAGGES Fa w [0 2F aStel (iSNI ¢
Sterivex filter using a peristaltic pump. Excess water from the Sterivex filters was removed using a

syringe; the filters were then sealed with putty, flash frozen with liquid nitrogen,stmeétd at-80°C. On

shore, the RNA from the filters will be extracted, converted to cDNA, and sequenced for 16S, 18S V4,

and 18S V9. The sequence data will be analyzed to determine the microbial community composition.

16



(8) Additional investigations

(a) Twoday (48 hour) incubations at three cyclasropak (0.2 um) filtered seawater was collected from
the chlorophyll maximum depth or at the surface and then incubated with microbial communities from
the chlorophyll max (1:10 dilution with whole seawateoculant), in the dark (covered in garbage bags)
at 12 °C for 2 days. Two experimental and two control (no inoculant) conditions were set up in 9 L
bottles, sampled at t=0 and t=24 hr for bacterial abundance (FCM) and TOC, and sampled at the
incubation temination at t=48 hr for FCM, TOC, 1 L metabolite samples and 2 L bacterial community
composition samples. Sampling was typically done on the 19:00 CTD castoglakisg Metabolites,
community composition, TOC and DOC samples were also taken directih&d@TD at the chlorophyll
max depth (and if different, the inoculant depth) during the t=0 cast and 48 hours later (also from the
GmpYnné OlFadoo

(b) Santa Barbara BasiliVe have had a longtanding interest in nitrate isotopes and below-8IIDC
dynamicsat the Santa Barbara Basin. During the summer, oxygen in the basin is drawn down, and in
addition to sediments being anoxic, the deep water column can also become anoxic. These conditions
result in detectable DOC buildup (albei8trM C) and clear impaston the isotope signature of water
column nitrate. Learning the composition of DOC that is released from sediments under these
conditions may shed light on the lotigrm DOC cycle, whereas the nitrate isotopes provide a snapshot
into the complexity of nitate reduction and reoxidation in the basin. As such, we took the opportunity

to collect a profile for nitrate isotopes, TOC, DOC, metabolites, and genetics at CalCOFI station 82.47
(81.8 46.9).

(c)DDT dumpsite in San Pedro Bakimresponse to the rece resurgence of interest around the

presence of two dumpsites in the Southern California Bight, where reports show that DDT waste from
Montrose Chemical company was disposed, we took this opportunity to sample Dumpsite 2 in the San
Pedro Basin on our reto trip to San Diego. Previously, this site was mapped out by Eric Terrill and Sofia
aSNNAFASER 602GK G4 {Lh0o dzaAy3 aARS &a0ly az2yl N R}
UCSB. A few days prior to our sampling, the Rior during arexpedition led by Lisa Levin, Paul

Jensen and Greg Rouse (all from SIO), also stopped at Dumpsite 2 to do video surveys and collect push
cores as well as benthic invertebrates from within the dumpsite. To complement these analyses, we
took advantage of aess to the MOCNESS nets, which is used to sample deep water column biota, and
McLane pumps, that can filter particulate matter near the bottom sediments, and collected a small
dataset that could provide insight into how DDT from this site could enter ¢tege foodweb. We

sampled with the CTD to within 3@ m of the bottom, near the location of high barrel densities as
identified by the UCSB group, to collect oxygen and transmissometer data, as well as seawater for solid
phase extraction. At this samées we also lowered two McLane pumps, one to 850 m and the other to
600 m and pumped water ontorim quartz filters for approximately 1 hour at 7L/min (this was

conducted by Carl Lamborg). Following this sampling, we travelled an 8 km route desiguslolyfor

Sofia Merrifield during which we diMultibeam and EK 80 surveys. We hope to use these latter data to
determine community composition at depth at this site. Once this survey was completed, Stephanie
Matthews assisted us with a MOCNESS tow that travelled across the San Pedro Basin (lengthwise) in a
northwest direction (parallel to the coastline). We towed for approximately 2 hours between 790 and
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650 m, and for another 1 hour between 650 and 550 m. The wetre dropped relatively quickly from O

to 790 m; but the ascent from 550 m was slower. Samples were most comprehensive for the deepest
nets as the upcast net closed prematurely and the downcast took place very quickly. The deepest tows
travelled acrosshe designated dumpsite (Dumpsite 2). Net samples were sorted into ziplock bags based
on visual identifications (by chemistsMax Fenton, Jamee Adams, Ralph Torres and Lihini Aluwihare)
and frozen at80 C.

(d) 4000 m castWe also took the opportunity ding Cycle 3 to sample down to 4000 m with the CTD
Rosette, with the goal of obtaining a DOM sample from the heart of the Pacific Deep Watemnvester
Approximately 100 L of seawater from 3,500 m, was passed through an acid washed Acropak filter,
acidified to pH 2, and then slowly extracted onto a total of 4, 5g PPL cartridges. This cast was also used
to shrink some cups and heads!

(e) Submersible Ultraviolet Nitrate Analyzer (SUNREJph Torres, Jamee Adams (Diaz Group) and Max
Fenton (Barbeau Group) imtained and monitored the SUNA mounted on the CTD Rosette frame.

(f) Sediment trap sample$Ve also obtained unpreserved sinking POM samples from Cycles 1, 2 and 3
for metabolite measurements. Depths varied with cycles but always included a 450 m sample.

(g) Superoxide experimefwith/ | NI [ | Y 0)2TR&yOadof tHeNsBpdrhdide experiment was to
observe how organic matter composition and concentration changes due to the addition of a reactive
oxygen species. 1.75 mL of a ~6®0 superoxide solutiofconcentration determined by UV absorption)
was injected into 1L bottles (triplicates) containing seawater from the Cycle 2 Day 2 18:00 CTD Cast at
1000 and 15 meters. Control samples (also triplicates) with no superoxide solution were also taken at
both depths. DOC, TOC, metabolites, and fDOM were taken for the control samples. TOC, fDOM and
metabolites were taken from the treated samples.

Hydrogen peroxide (kD,) production and decay (Sydney Plummer)

Microbial hydrogen peroxide production and decay raiese measured in seawater collected from the
noon CTD casts on each day of the cycles to unravel hydrogen peroxide and DOM interactions. Briefly,
seawater was collected at various depths throughout the water column, put into dark containers, and
immediatdy analyzed using a colorimetric technique whiogseradish peroxidase catalyzes the

reaction between gtracellularHO, and the colorimetric probe Ampiflu RelhO, concentrations in
sampleswere determined using absorbances of standard curves,0f.Hlological production rates

were calculated by determining the slope oi®i concentrations over time. To measure(®ddecay

rates, samplesvere incubated with known concentrations ob&;, and measured at appropriate

intervals using theolorimetric technique described above

Jasmonic Acid Incubation®lonica Thukral (Allen group) with assistance from L. Aluwihare, S.
Plummer, K. Barbeau, T. Coale)

The ecological role of jasmonic acid in the California Current Ecosystem was investigaigt two
deck incubation experiments:
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1) How does jasmonic acid (JA) addition affect growth, gene transcription, and small molecule
production of whole sea water microbial communities?
This experiment was conducted duri@gcle 2. Whole sea water inculiats were conducted from

surface water with and without nutrients (iron, sibiacid nitrate, phosphate, vitamin B12) and with
and without jasmonic acid. Significantly decreased chlorophyll was observed when jasmonic acid is

C2D2: Jasmonic Acid affects on whole seawater
incubationchlorophyll
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added to seawater, and this bnly apparent under nutrieramended (+Nu) condition3his trend

of decreased chlorophyll withAaddition is more pronounced after 75 houtdsing data from the
imaging flow cytobot (IFCB), the phytoplankton community did not shift between +Nu anNuJA+
conditions there were fewer cells of the same organisms. Furthermore, the composition of the
biomass was approximately 5@Pseudenitzschiadiatoms. Samples were taken for the following
analyses at 0 hour (initial) and 75 hour (final) time points: nutrients, flow cytometry, chlorophyll,
RNA, metabolites; Chlorophyll was also measured at 50 hours.

2) How does addition of jasmonic acid to wheks water communities affect grazing rates?
This experiment was conducteéa conjunction with a coastal dilution experiment led by Sydney

Plummer during the Alongshore Transect, near AT Statidmcbbations were conducted from
surface water with and without nutrients (ammonium, phosphate), with and without jasmonic acid,
and with either whole sea water or 80% filtered sea water (from which grazers are removed).
Samples were taken for the follomg analyses at O hour (initial) and 24 hour (final) time points:
nutrients, flow cytometry, chlorophyll, RNA, metabolites, hydrogen peroxide production rate.

Trace metaktudiesg Barbeau group (Katherine Barbeau, Kiefer Forsch, Max Fenton)

Iron is a crical micronutrient that limits phytoplankton growth Bignificantareas of the ocean. The
California Current upwelling region has been described as a mosaic of iron limitation with regions and
featuresthat range from iron repleteto iron colimited, toiron-limited. We seek to understand how
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iron supply shapes the compositiamd productivityof the phytoplankton community, and related
impacts on biogeochemistry. The Barbeau group has also taken on biogenic silica santhbnglysis

for cycles and transectas previous cruises have shown that silica dynamics in this region are strongly
impacted by the iron stress status of the diatom community.

Trace metal cleanasnplingactivitiesg¢ KS . I ND S| dz 3 N2 qdiniaativiieNdn DiS crisé G | f

supported not only the Barbeau group, but also the activities of the Allen group, the mercury group
(Lamborg et al.), and Viktoria Steck from the Diaz group. In addition, some collabtnatienetal

work was carried out ith the mesozooplankton group. 8\tompleted42 castswith the trace metal
rosette. Multiple trace metakosette profileswere obtained at alkcycles.Profiles were also obtained at
Santa Barbara Basin, tibiel Sation, and at all CCT statiank addition to profiles, nomerous
stationarycasts were made with the trace metal rosette to obtain water for incubation studies.

In addition to trace metal rosette casts, &M casts were carried out on two benthic boundary layer
(BBL) transects. BBransect #1, from Cambria to the Point Conception region, included 9 stations which

al

have been sampled on several previous CCE LTER process cruises. BBL transect #2, 3 stations in the Point

Sur region, was also sampled on P19D8e 30L GO Flo was destedyduring BBL transect #1 due to
incorrect firing procedures.

Biogenic silica samplindiogenicsilica (bSiyample profils were taken daily at ally€lesduring the

array setup casts, to coincide withtf A Ay Odzol GA2y & OF NNASR 2dzi o8&
bSi profiles were taken at thBiel Sation, during the CCT transect, and during the AT transect. The
Barbeau group also reted bSi samples from the sediment tragiseach Cycléor processing, as well as
pyrosome tissue and fecal pelleEi samples from the mesozooplankton group. Additional bSi samples
were taken fromsomeincubation studies.

Incubation studieg Trace metaklean incubatiorstudiescarried out by the Allen group, the Diaz group,
and the Hg groupising water collected by the Barbeau groane described in more detail below their
group-specific reportsin addition to these efforts, the Barbeau groalgocarried outseveral

incubation studies:

- Onarray Fe addition experiments (24 hrs, triplicate 1L bottles, incubated at chl max) were carried out
at each cycle and sampled for sizactionated mRNA (> &m, Sterivex) in collaboration with Rob

Lampe and Tgr Coale. These will be analyzed for prokaryotic mRNA to assess the response of free
living vs particleassociated bacteria to Fe additioFhis data is also complementary to the Fe

addition/Fe removal experiments described below in the Allen group report

- Two Feaddition experiments witinRNAsize fractionatioras described abowsere carried oufor 48

hrsin the dark inthe 12 Ccold room using water from the deep scattering lafi@SLat Cycle 3500 m)
and AT Station 5 (225 mM)SL determined from EK80 signature.
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- Kiefer Forsch set up a number of trace meiabnon-deck incubationso investigat FeMn co-
limitation and its potential impacts on P metabolism in the phytoplankton communitig. fElsearch was
carried out in collaboration with the Diaz group. We hypothesized Bealn cclimitation occurs in the
offshore cycles (SCM, DCM), when both dissolved Fe and Mn concentrations dreldations were
initiated at four stations: CycleDay 2, Cycle 2 Day 2, Cycle 3 Day 2 Catitbtation #7.

Cycle 1 Day 2 incubation seawater was collected at the surface chlorophyll maximum during upwelling.
Cycle 2 Day 2 was from a subducting chlorophyll maximum (25m). These two incubations were grown
under 30% surface PAR. The following two experiments were from a deep chlorophyll maximum (DCM,
140m) and a subsurface chlorophyll maximum (SCM, 45m) and incubated at 1% surface irradiance and
surface seawater temperature (1315 degC).

Incubations were sudampled for dissolved trace metalsg)(f total dissolvable trace metalg)t
macronutrients,Chta, Phosphorous speciation (SRP, inorganic phosphate, organic phosphate), Alkaline
phosphatase activity (APA), FCM (eukaryote and bacterial), 18S gene sagugndSi (§) and POCt
Preliminary findings from bulk Ghlanalysis indicated Hinitation at Cycle 2, in line with results from
incubations carried out by the Allen group (see below).

Allen group trace metal incubations (Rob Lampe and T@eRle, in collaboration with Barbeau group)

In situarray iron addition/removal incubationsAt Cycles 1 and 2, we exposed natural phytoplankton
communities from the deep chlorophyll maximum to iron addition (+5 nMd4re€lron removal (+100

nM of the iron chelator desferrioxamine B) and incubated them for 24 hours in their ambient

environment o thein situquastLagrangiardrifter. Evaluation of the mRNA and chlorophyll from these
AyOdzo | GA2ya gAfft ff26 dza (2 S@OFfdad S (GKS LKeG2Lx
bioavailability under neanatural conditions. These experiments weaalso conducted on the 2014,

2017, and 2019 CCE LTER process cruises allowing us to compare across years.

Investigating nutrient cdimitation in the California Current Ecosysteffhere is strong evidence for

both nitrogen (N) and iron (Fe) limitatiari phytoplankton growth in the California Current Ecosystem
(CCE); however, these nutrients have largely been investigated as being the sole limiting nutrient where
the addition of N or Fe alone leads to increased growth. Furthermore, siliciiradition can be

associated with Fémitation in diatoms as they increase Si uptake and/or reduce N assimilation relative
to uptake rates during Feeplete conditions. Vitamin{g or cobalamin, is an important micronutrient

that can be in very low concentratienn the region (< 1 pM) and may also play a role in limiting
phytoplankton growth, particularly if Nand Felimitation are alleviated.
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Simultaneous cdimitation, or where the addition of two or
more nutrients is required to result in phytoplankton
growth, has been observed in other regions and is sugges
to be widespread in the ocean; however, it remains
underexplored in the CCE. To characterize nutrient limitati
patterns in the CCE and explore the existence ef co
limitation as a bottoraup controlon phytoplankton growth
in the region, we conducted fulctorial trace metal clean
incubations with Fe, N (nitrate) and Si (silicic acid) at seve
locations during the cruisgsee diagram at right, map
below).An additional treatment with all the nutriegs and
vitamin B> was included to evaluatehethervitamin B>

can limit phytoplankton growth once Fe, N, and/or Si
limitation is removed.

Colimitation experimental design.
Each teatment consisted of triplicate 1L bottles.

Arangeof nutrient limitation conditions was captured across the differerperiments(bar graphs

below). Sites L1, L3, and L5 showed a clear pattern of Fe being the primary limitinginutiglikely

that chlorophylla concentrations at L4 were lower than the control due to the phytoplankton

population quickly crashing after the addition of Fe resulting in rapid macronutrient drawdown. Site L6
was primarily limited by nitrate. The addition of multiple riahts led to an even greater growth

response at several sites, although these differences were often not statistically significant (P > 0.05).
Sites L1, L3, arlcb showed slightly higher chlorophgltoncentrations upon the addition of
macronutrients suggesting serial limitation of N and/or Si. Once N limitation was alleviated at site L6,
the addition of Fe then Fe+Si led to even greater growth responses indicating serial limitation of Fe then
Si. Interestingly, chlorophydl concentrations were highest the combined treatment with vitaminiB

at sites L3, L4, and L6 indicating that vitamixliBhits phytoplankton growth under N, Fe, andr&plete
conditions.

Additional samples were collected from each bottle for macronutrient concentrations, flttmneyry,

and RNA, and metabolomics. With the macronutrient samples, we will be able to evaluate potential
differences in macronutrient drawdown. Flow cytometry will enable quantification and comparison of
picophytoplankton abundances. The RNA sampledwillsed to evaluate community composition of

both the prokaryotic and eukaryotic communities (16S and 18S rRNA) as well as gene expression
(metatranscriptomics). Select treatments were also analyzed with the imaging flow cytobot (IFCB) to
obtain a semquantitative assessment of the eukaryotic phytoplankton community. These assessments
of community composition will enable us to evaluate the potential for different nutrients or
combinations thereof to stimulate growth in different community members.
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Mercury Studies(Amina Schartup (in absentia) and Hannah Adams (S10); Carl Lamborg and Xinyun Cui
(UCSQ))

¢KS aSNOdzZNE DNRdzL) 6abD0 aSi dzLJ Iyl fe@dAOlf AyaidNdHzyS
Lab (UCSC) on the previdR®/RogeRevelldeg. In the bubble, the MG was able to-gas and

immediately analyze samples for the two dissolved gaseauspdciesHd and (CH):Hg. In addition,

instrumentation that allowed the determination of total dissolved Hg was also set up and most of the
subsamples for total Hg were analyzed on board as well. This arrangement allowed for methods testing

and made possible the determination®fK S I 4S2dza a4LJSOASa 6KAOK-KI @S y2
gassed immediately. This cruise was also the first for SIO student Adams and the first in the US for UCSC
student Cui.

Cycle ProfilesOn 9 occasions during the three cycles, we received mggererously provided by the
Barbeau lab which facilitated the construction of vertical profiles of Hg species. This consisted of a total
of 84 water samples, each to be measured fo?, KigH).Hg, total Hg, and GHg (upon return). The

general trend reveled here was that dissolved (g}iHg was higher in the waters that were more
upwellinginfluenced (colder, saltier, more nutriemich) and also followed trends of production in

deeper waters as well. Another general trend was thdtiHgreased with depthand total Hg had a
nutrient-like profile (low at the surface and increasing with depth). We found that the Cycles in more
productive waters (1, 2) had a higher total Hg concentration than the cycle in oligotrophic water (3).

Benthic Boundary Layer (BBli¢asurements; We received water samples frothe Barbeau group to
examine Hg speciation the Central/SouthernCalifornia coastline (P&urto Pt. Conceptiof benthic
boundary layer. In total, we received 12 water samples to be measured fo(Etg)-Hg, total Hg, and

CHHg (upon return). We also asked for replicate samples (4) fajt&Ho test our analysis methods;
specifically, differences between filtered vs. unfiltered water and using Carbotrap vs. Tenax traps to pre
concentrate the (ChkHg. hese samples were valuable in exploring sediments as a possible source of
(CH).Hg to the water column. These samples revealed that the BBL is actually depleteg)iHgCH

relative to the water column, discouraging the view of it as an important sourtieetavater column in
general, and during upwelling events in particular.

California CurrentTransect ProfilesReturning irshore to recover th&ooglider the ship occupied

several transect stations (CTD, Trace Metal Rosette (TMR), nets), and tleedi@d water from the
Barbeau group at 7 of these to produce water column profiles at 8 depths per station (total of 56
samples) for Hy (CH):Hg, total Hg, and GHg (to be analyzed upon return). These stations added
additional nuance to our currentigxisting Cycle stations by sampling water of intermediate nutrient
status between the highly productive Cycle 1 and 2 stations and the more oligotrophic Cycle 3 stations.

Photochemistry ExperimentsAn assumed, but not fully tested, behavior of gaHgis that it is
photochemically labile. This is based on the observation thag){@dlis virtually absent from the ocean
mixed layer during upwellirgnfavorable conditions. However, one published manuscript argued
against this mechanism. So, we soughtdsttdirectly whether (C{tHg was photolabile in ambient
seawater. This was accomplished by exposing 4 samples of 400 m wadeiTiefldn bottles from Cycle
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3 Day 3 to ambient light conditions (quite clear and bright) on the forward 01 deck for aligida
period, taking periodic subsamples. We found{eHtg rapidly disappeared, while a control sample held
in the dark in the lab actually increased in gfag concentration. A subsequent repeat of the
experiment showed much the same behavior, thisdiasing bottles stored in the dark on deck with the
exposed samples as controls. Under these high light conditions, théfbdtr (CH).Hg appeared to be
around 3 hours. This rate of decay, even if much slower due to lowssturight levels, indicats that
(CH).Hg photodegrades faster than its loss to-sd#a exchange, even under upwelling favorable
conditions. This suggests substantiasitu production, even in the mixed layer.

Diel Cycling Experiments (underwayo testwhetherthere is prodation of (CH).Hg at night in the
absence of daylight (and photochemical degradation), we attemptedtaoR4 experiment in which we
sampled water from the underway system intd_Zl'eflon bottles every hour and analyzed it for
(CH).Hg. We conducted thisxperiment from 2pm on Cycle 3 Day 1 (8/3/2021) to 5am on the following
morning (8/4/2021). This experiment was not fully completed because we did not measure ajsH{CH
during the entire period. This could potentially be due to being in low productixatgrs during Cycle 3.

In an attempt to see if there is dark production of §zHg in surface waters, we collected a total of 10

2-L surface water samples from the underway system into Teflon bottles before sunrise. 2 samples were
analyzed immediately, 2amples were placed on the forward 01 deck exposed to light for a full daylight
period, 2 samples placed in the dark on the forward 01 deck for a full daylight period, 2 samples in the
walk-in fridge in the dark for 24 hours, and 2 samples in the dark@nrtemperature. The samples

were purged for (ChkHg and measured immediately after the exposure periods (daylight period or 24
hours). Results seemed inconclusive, but we are still considering the data.

Analytical ExperimentsWe undertook several andlgal related experiments at sea as well, taking
advantage of the access to relatively high{eHiy water. These included:

A Differences between TMR and CTD forsjgtt) analysis.

A Differences between different (GrHg sorption media analyzed immediately
after purging as well as after several days of storage on the media.

A Differences between filtered and unfiltered water for @zHg determination.

A Differences between underway water and other surface samples.

The resilts of these comparisons are still being looked at.

Superoxide ExperimentPuring the second BBiansect we took some seawateamplesand spiked
with superoxide at micromoldevels to seewhethersuperoxide can get involveslith Hg reactions
espedally Hg reduction and demethylation. The data implied that superoxide might give riseg)eHEH
production which was unexpected.

Inspired by the results above, we conducted experiments on 7/27/2021 by sampling seawaténdrom
underway system into-2 Teflon bottles. 2 samples were bubbled immediately, whdéher samples
were spiked with superoxide and held in the dark for 1 h to leave sufficient time for reaction to take
place, followed by bubbling. The control group was treated with superadistamuse (SOD) prior to

the superoxide spikes. The results did not prove that superoxide could lead to increasjpglgChh
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addition, we added superoxide intel2Teflon bottlsfilled with shallowest seawater on Cycle 2 Day 5,
andcompared the (CHkHg value generated from same seawater without superoxide. It turned out that
those values were basically same. Therefore, these superoxide experiments e@meusive and will

be explored back in Santa Cruz.

We made a higltoncentration primary superodé stock (~600 uM) fahe Aluwihare group. This was
used to see what sort of changes in DOC structures superoxide might induce.

McLane PumpingFor our own sampling and to facilitate sampling by the Decima and Diaz groups, we
deployed McLane pumps 20 tes during the cruise at a variety of depths and (for the Diaz group) using
two filter types. These samples were processed in the clean bubble by Hg group personnel for the
Decima and Hg groups and by Jamee Adams for the Diaz group.

We also sampledattwB SLJGKa |4 GKS a55¢ {AdS¢ 2FF 2F {ly tSR
m below the surface (about 50 m above bottom) and at 675 m below surface. Filters were passed on to
the Aluwihare group.

Sediment Trapping We received subsamples generousipplied by the Stukel group from their
sediment trap array at two depths on each of the deployments. These were processed by Stukel group
personnel and will be analyzed -shore.

Phosphorus Studieg Diaz Lab (Jamee Adams, Viktoria Steck)

Phosphorus is gital nutrient of life, and essential for the proliferation and productivity of marine
microorganisms. In certain regions of the global ocean, however, easily accessible orthophosphate is a
biologically limiting nutrient that constrains marine primary guation. In these areas, marine plankton
express various metalloenzymes, such as alkaline phosphatase (AP), to acquire phosphorus instead from
the less accessible pool of dissolved organic phosphorus (DOP). The Diaz lab studies transformations
within the major phosphorus pools in the ocean as well as coupled cycling of phosphorus with trace
metals.

Total Dissolved Phosphorus (TBBamples were collected in 2L HDPE bottles and filtered in triplicate

through 25mm GF/F filters into 60mL HDPE bottles. Samples were frozemat / ® ¢ KS&aS &l YLX S
taken to measure dissolved organic P (DOP) by subtracting inorganic P from TDP. Bareples

collectedat the Diel Sation (24-hour period), and Cycles3, as well as at the Santa Barbara Basin CTD

cast. Each set of samples was from an edggth CTD profile with samples taken at each depth.

Total Particulate Phosphorus (TPBamples were collected in 2L HDPE bottles and filtered in triplicate

through 25mm GF/F filters. Eafitter sample(~2L ofseawaterwasfrozenat-H n 6 / ® CAf G NI} G S F N
samples was used for TDP, and BAP samples. Samples were call¢bt=ldiel stationand Cycles-B,

as well as at the Santa Barbara Basin CTD cast. Each set of samples was frorrdaptei@iD profile

with samples taken at each depth.
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Tripolyphosphate (3polyR)Samples were collected in 2L HDPE bottlesfiteded in triplicate through

25mm GF/F filters. Each sample received ~2L of particulate, and were froremat / ® { | YLIX S& gAf
used to assess the ratio of TPP:3polyP with depth. Samples were cobi¢ttediel station and Cycles

1-3,as well as at the Santa Barbara Basin CTD cast. Each set of samples was fdaptArC8 D profile

with samples taken at the top six depths.

Bioavailable Phosphorus (BARamples were collected in 2L HDPE bottles and filtered through 25mm
GF/F filteranto one 1L HDPE bottle per depth. The top six depths were sampled from et 8CTD
cast to coordinate with APA measurements. Samples were collettd Diel Sation, and Cycles-3,

as well as at the Santa Barbara Basin CTD cast.

Alkaline Phosphatase Activity (ARA)

Kinetic platesSamples were collected from 2L HDPE bottles from the top 6 CTD depthstie gl
Sation, Cycles B, the Santa Barbara Basin, and at every station during the California Current Transec
(CCT). Duplicate samples were run in black 96 well plates on a Molecular Devicesadelplate

reader. Fluorescence was measured from the fluorogenic phosphatase substrate methylumbelliferyl
phosphate (MURP), using a MUP gradient from @L0uM for eah depth. APA, Km, and Vmax kinetic
parameters were measured for each depth.

Competition platesSamples were collected from 2L HDPE bottles from the chlorophyll max during
Cycles 13, the Santa Barbara Basin, and at every station during the Califam@nCTransect (CCT).
Duplicate samples were run in black 96 well plates on a Molecular Deviceswodki plate reader.
Fluorescence was measured from the fluorogenic phosphatase substratePMitJ& concentration of
500nM. Competing substrates were sgikinto each well at a concentration ofl@uM to assess
competition between alternative substrates and MBFCompeting substrates included adenosine
triphosphate, adenosine monophosphate, glucosegh®sphate, pyrophosphate, tripolyphosphate, and
45-polyphosphate. A decrease in MUFFAPA compared to OuM competing substrate concentration
suggested competition by the alternative substrate.

Proteomics McLane PumpsSamples were collected from large volume McLane pumps onto a filter

stack containing 58m Nitex, 3nm Verapore, and 0.8m Supor filters for proteomic analysis. Each

sample was from the chlorophyll max to optimize particle collection. Samples were flash frozen in liquid
nitrogen and then frozenay ne / ® { I YL S& 6 SNB df ByclésyB, dRdlaNdng/ 3 Rl &a 1
station during the CCT.

Shipboard IncubationsPhosphatases, including APs, are metalloenzymes, and their activity depends on
the availability of trace metals, for example iron and zinc, in the surrounding seawat@der to probe

for potential metal regulation of DOP cycling in the marine enviromighipboard incubations were
conducted at every cycld@race metal clean samples of planktonic communities from the-sedace

or the deep chlorophyll maximum were spiked with a variety of potential metal cofactors (iron, zinc,
cobalt, manganese) anddubated on deck for-8 days. At different timepoints during the incubation
period, the effect of metal amendments on the bulk phosphatase activity was measured through AP
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activity assays (single concentration DOP hydrolysis rates and competition plagsjn incubation
bottles were also sampled for flow cytometry, chlorophyll concentration, different phosphorus pools
(soluble reactive phosphorus (SRP), total dissolved phosphorus (TDP), total particulate phosphorus
(TPP)), and mRNA (16s/18s sequenaimdymetatranscriptomics).

In a second incubation experiment, the influence of trace metal availability on the hydrolysis of specific
DOP compounds was assessed. In trace metal clean incubations, natural phytoplankton communities
were amended with adenosineiphosphate (ATP), a DOP compound from the class of phosphoesters,
with and without the addition of trace metals (iron, zinc, manganese). Treatments with orthophosphate
served as a control. Compouwsgecific hydrolase activity was measured through ctbacof SRP

samples at three timepoints during the®2day shipboard incubation period, along with PP and flow
cytometry samplesAltogether, these experiments will provide new insights into compesipecific and
metaldependent DOP biotransformations aslas intertwined metal and P cycling within marine
microbial communities.

Acoustic Studies (Sven Gastauer)

Simrad EK80 Calibratiamd Data Collection

Frequency modulated (FMbroadband) and Continuous wave (GWarrowband) calibrations were
successfuy completed on the 183of August 2021. Calibration procedures largely folloedner et al.
(2015) A 38.1 mm tungsten carbide sphere with a 6 % cobalt binder was used for all frequencies. The
calibration sphere was moved inside the beam with a thpemt positioning system.

Calm weather conditions allowadgsto complete the entire set of calibrations while drifting. The total of
10 runs of calibrations were completed within approximately 4 hours (~1241845 PDT). Calibrations
were used to upda the beam information of each transducer. Calibration results were saved as XML
files.

All settings used during normal operation were calibrated (see table below).

Normal operation CW and FM settings used and calibrated during CCE LTER 2105

Pulse| Pulse Power | Frequency | Ramping| Direction
duration Start | Stop
CW | 2.048 1000 |18 18 | Fast Upward
FM | 2.048 1000 |34 |43 | Fast Upward
FM | 2.048 750 45 90 | Fast Upward
FM | 2.048 250 90 160 | Fast Upward
FM | 2.048 105 160 | 260 | Fast Upward
CW | 1.024 1000 |18 Fast
Cw |1.024 1000 |38 Fast
CW | 1.024 750 70 Fast
Cw | 1.024 250 120 Fast
CW | 1.024 105 200 Fast
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Once the calibration procedures were completed, an acoustic vessel noise test was performed. Over
approximately 20 minutes, the vessel gradually sped up from drifting to 12 knots. All Simrad EK sounders
were operated in passive mode. All, but the 18 kide\{fhich no broadband license was available) were

run in passive broadband mode with the settings described in the table above. A strong increase in
background noise with increasing vessel speed was most noticeable in the 18, 38 and 120 kHz data
(Figire bdow)

During the cruise all echosounders were operated in CW mode. Only at selected stations or at locations
of special interestvasthe operation mode switched to broadband mode. The EK80 echosounders were
synchronized with the ship mounted ADCP (75 ar@Kitz, operated in narrowband) througkSgnc

(normal mode was EKEQADCPADCPADCR EK80 with the EK80 runtime fixed at 1 secqraat higher
dependent on seabed depth and the ADCP at 250 ms). To operate the echosounders in broadband
mode, a Mission Plawas defined in the Simrad software. To minimize nonlinear e@gkf the

different frequencies sweeps and their harmonics, two frequency groups (38 + 200 kHz and 18 + 70 +
200 kHz) were defined, following and after discussions titbhdabandeloo et a{2021) Note that the

pulse duation in broadband and narrowband mode were different, to maximize data resolution.

The entire recorded acoustic cruise recordings at 38 kHz are summbgl®d Differences are evident

in the intensity and depth of the DVM and the backscattering streimgthe entire water column.
Differencing the acoustic backscatter at different frequencies allows us to detect structural differences
in the biological community and species group identification to a certain degesebelowy.
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dB-Differencing of different frequencies, to gain somsights into structural differences the
biological communities aweasured in multfrequencyacoustic data

Internal sound speed and density experiments

Understanding the backscattering properties of marine organisms is crucial to be able to translate the
active acoustic backscatter into biologically meaningful metrics, such as size, length, biomass or
abundance. The backscatter from a single organismlliscctarget strength (TS). TS is largely dependent
on the acoustic impedance, behavior or orientation and size or volume as well as the frequency at which
the scattered sound wave was emitted. The acoustic impedance is generally defined through the
material properties of the acoustic target, which can be described through the density and sound speed
contrast inside the organism, compared to the surrounding fluid. For example, a fish with a gas filled
swimbladder or a gabearing siphonophore have a veryatg density and sound speed contrast
compared to the surrounding ambient seawater, while a jelly fish is much mordilaith many ways.

As a result, a swimbladdered fish will have a very strong TS while jellyfish and most other zooplankton
taxa can beonsidered weak scatterers.

To improve our understanding of the scattering properties of zooplankton in the CCE LTER region, a
sound velocity probe and a density measurement kit were used to conduct sound speed and density
contrast experiments. Among oghs, krill, copepods, jellyfish, chaetognaths, ctenophores, salps,
pyrosomes and pteropaivere measured. Results from these experiments can be directly fed into
modellingstudiesand contribute to an improved understanding and interpretation of the COHstic
data.
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