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Executive Summary

Physical ocean climate indicators illustrat@drm water conditiongor 2017, with periods of
cooler conditions throughout the yeabDifferent sources ofea surface temperaturehowed an
overall warm regimédor the year,with intermittent cooler conditions in summer arflll
months Sea grface salinity values wem@nomalously lowand nutrient concentrations were
low. Sea surface heights we average to high throughouhe year,suggesting downwelling
conditionsand resulting in lower than average productivijongshore windsvere average to
weak in the early months of the yearpWwelling indicesvere mixed depending on the source,
showingweak upwelling followed by strong upwelligogn a regional sde) andweak upwelling
(on a local scaleppring transition date wasverage to slightly late (depending on the data
source) Aimate indicesdiffered: the Southern Oscillation Index (SG&gan with warm to
neutral valuesand the Pacific Decadal Oscillation (PB&)an with anomalously warm values,
and both indiceshowed a cooling trend in the latter months of the yeday contrastthe North
Pacific Gyre Oscillation (NPG®@pan with warm, low productivity values, thehosved neutral
values in the spring and summer, then became warmer inakefew months of 2017

Biological ocean climate indicatagsho results from the physical indicators. Starting at the
base of the marine food web, phytoplankton abundance (asatdd by chlorophyll a
concentrationsshowedrelatively low abundances thefirst and lasfew monthsof the year
andsubstantialpeaks in abundancauring spring and summePhytoplankton community
resultsindicate a decline idinoflagellatesand an increase idiatoms in 2017

Zooplankton community composition results are not yet availabldafer2014 through 20L6;

we show results frm 200413 and preliminary findings for 2@ The most recent results from
2014reflectoverall highabundarces ofzooplanktoncompared to warm, poor productivity

years (e.g. 20086), particularly for copepods Y R G KS a2 0 KSNE OF 6 S32NR
comprised of gelatinous speciel)tra-annual resultgor 200409 and 2013yenerally show
increasingzooplankton abundance in spring, peak abundance in June, and a declingfor fall
years2010-12, peak zooplankton abundance is in the fall (Septemieralyses of zooplankton
samples show two main clustes$ abundance leveighe first three years (20806, warm

water year$, and the nextsevenyears (200714, which are a mixture of warm antbld water

years.

We examined copepods, pteropods, and euphausiids in more detail, as these are important
low- to mid-trophic level species in the ecosysteimgeneral, opepodspeciescomposition
resultsto date indicatedrge increasgin the abundance of dreal copepodgi.e., species from
northern latitudeswhich are generally considered better prey based on their larger size and
greater lipid contentduringcold, productive ocean condition€opepod pecies common to
mid-latitudes also became more abundantdald water yearsalthough not as dramatically.
Equatorial opepods i.e., copepods from southern latitudeghich are smaller and have less
lipid content) increased in abundance in the September crus@se yearsWhile 2014 was a
warm water year, boreal and transition zone copepods remained at high abundances, which
was unexpectedwithin year results for the copepod groups generally showed peak
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abundances of boreal copepodshfay orJune, while the other copepod groups showed
highest abundances in the faiteropod abundance has remained relatively low throughout
our time series, with significant increases in 2P samples analyzed to date from 2014
showed no pteropodsEuphausiidbiomassas measured by acoustiapeasto peak in late
summer(July)in most yearsAdult euphausiidswhich are larger and higher in lipid content
than their younger counterparts, aoinate the zooplanktorsamples during cold water years
warm water conditiongenerally shova decline irthe percentage of adult stagealthough
2016 (which was considered a warm year) showed relatively high abundances of adult
euphausiidsAdditionally,adult euphausiidsare larger in cold water years (e.g. 2603) and
smaller in warm water years (e.g. 2018, 2017; adults in 2016 were relatively large, similar to
cold water years

The toplevel predators in our region are represented by thresident breeding seabirdmd
two migrant whales/ | a daakiétCadzooplanktivorous seabirdiasobserved foraginglose to
Southeast Farallon Islan8KERlin 2017; the average egg laying date walghtly laterfor this
speciesexperiencedaverageproductivity, and ate mostly euphausiidén omnivorousseabird
species, theommonmurre, foragedacross the shelh 2017, had an average egg laying date
experiencedelow-average breeding success, awhsumed slightly more rockfisiompared
to 20160 . NeoyhRrar@szare piscivorous andere observed in low numbersear SERind
the Golden Gatén 2017. This species hadslightlylater start to breeding, experienced
somewhat aboveverageproductivity, and consumed mostgnchovyin 2017.

Formarine mammal$n 2017, humpbackwhaleswere observed irhigh numbers (although
fewer than 2016)they werespottedbetween SEFI and Cordell BaBkue whales were
observedin averagenumbers in 20T; they appeareaver the shelf in May and July, thaiong
the shelf break in SeptembeBoth species showed peak numbers in September in 2017.
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Introduction

The Applied California Current Ecosystem Studies (ACCR®$8jtizership between aon-

profit science organizatigrPoint Blueand a Federal agegcNOAAto inform management in
support of marine wildlife conservation in central Califormajuding Cordell Bank National
Marine Sanctuary (CBNMS), Greater Faralldvettonal Marine Sanctuary (GFNMS), and the
northern portion of Monterey Bay National Marine Sanctuary (MBNM@ure 1) We conduct
coordinated private and government research at an ecosystem scale to suppaoggement of

a healthy marine ecosystem ihd region.This includestegrated, collaborative, and muiti
disciplinary research to monitor distribution, abundance and demography of marine wildlife in
the context of underlying physical oceanographic processes.

Data collected by ACCESS is usedftom effective management and conservation of
resources in national marine sanctuarie€dome of the main potential issues we aim to address
includel) Wildlife Conservatioimprove conservation aiarine wildlifeand their food web}

2) Ocean Zonin¢guide human uses to provide protection of the marine ecosy3t&8h Climate
Changedocument effects on the ecosystem and inform climateart conservatioy 4) Ocean
Acidification document changes in water properties and assess biological respoases)
Ecosystem Indicatorsige longterm data to inform ecosysterhased management

approaches

ACCESS is a letegm monitoring project with proven applicability to urgent management
concerns and at the same time has been adaptable to emerging issuebamgkes in
jurisdictions. In June 2013NOAA expanded the boundaries of CBNMS and GFNM&)

more than doublé the size oboth sanctuaries bgxtendngboundaries north to Manchester
Beach in Sonom@ounty(for GFNMS) and west to include important subsea features asich
the deep depths of the continental slopta CBNMS). In 2014, four survey lines were added to
the proposed expansion areaow part of the sanctuarie$y collect baseline informatiom the
northern areas, and these lines continued as part of the ACCESS sampling grid in 2015

The purpose of this report is to inform managers and peatiakers about wildlife responses to
changes in ocean conditiomsd to make this information available to other researchers and

the public We present data collected during the ACCES&atsurveys which have been
conducted 34 times a year since 2004hese data include phytoplankton composition,
zooplankton compasion, euphausiidabundance from hydroacoustics, andssa observations

of seabirds and marine mammals. We have also compiled a variety of datasets to look at long
term trends; these include climate and upwelling indices, sea surface temperature amtysal
measured from the Farallon Islands, buoy data (winds, sea surface temperature), satellite data
(sea surface temperature and height, and phytoplankton abundance), and seabird data
(productivity and timing of breeding) on Southeast Farallon Island.e/gbihe datasets have

been updated through this year, not all Zbdata are available. We have shown here what we
could obtain at the time we released this repouip to and including the 2015 field seadon

some metrics
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Thisreportingeffort builds df the report Ocean Climate Indicators: A Monitoring Inventory and
Plan for Tracking Climate Change in the Nathtral California Coast and Ocean Region
(Duncaret al. 2013)(http://farallones.noaa.gov/manage/climate/pdf/GFNM8dicators
Monitoring-PlanrFINAL.pdf which was used to help prioritize indicatdos monitoring ard to
include inthisreport. Other indicatorge.g, basinscale climate indices, sizes of euphausiids,
at-sea distributions of seabirds and marine mamm#tst were readily available angrovide a
more comprehensive picturef regional ocean conditionsere also includedThe information

we collectis available upon requesindwill be available to collaborators as part of the
California Avian Data Centdrtip://data.prbo.org/cadqg. The report is available at
accessoceans.o@ndsanctuarysimon.org

v/

A research partnership to support integrated ocean

X

management in northern and central California

Offshore and Nearshore Transect Lines and Sampling Stations

— Offshore Transects */* CTD/Phyto/Zoop Station

—— Nearshore Transects mm CAMPA-SMCA
Limited Survey Transects mm CAMPA-SMR
Shipping Lanes 3 NMS Boundaries

Figure 1. Applied California Current Ecosystem Studies (ACCESS) study area.
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Sea surface temperature

Overview

Sea surface temperature (SSTarigndicator ofthe productivity of the ecosystem, as cold
nutrient rich wateris brought to the surface during upwelling in early sprigich influences
productivity. The surface waters eventually warm up during relexaevents that follow
upwelling, typically in late summer or early fall. We used buoy anth8ast Farallon Island
data forlocal observations, and satellite dafzovering a «m? area)were used for a more
regional perspective on S¥Hach of these dasets shows an intrannual pattern in SST: a
decline during upwelling (Mah-May), then increasing SSTs throught8eyber (which is the
peak SST for the year), followed by another decline.

Buoy data

SSTyacillated between moderately warm temperatur@s. positive red barsgnd cool
temperatures (i.e. negative blue batkyoughout 2017(Figure 2)SSTs were close to averay
values in the early months of 2004. In 2005 and 2@®@®malouslyarm SSTwere observed
in the winter and spring months. In contrast, low SG&.€s negative blue barsyere notedin
mostmonths of years 20013; short periods of average or warm waters (e.g. late months
2008, early months of 2010) suggéstd downwelling/relaxéion events The warm water
event, known as the North Pacific heat walmgan in mie2014 and remained high through
mid-2016

Southeast Farallon Island data

SST data collected near Southeast Farallon Island (SEFI)vetiowg.e., positive red bars)
temperatures observethroughoutmost of2017, with periods of cooler (i.e. negative blue
bars) in the summer anill (Figure3). Short upwelling eventslefined by cold waters were
observedin 2004, but most values were closerthe longterm averages. Warm SSTs were
observed throughout 20096 and 201416. Conversely, cold SSTs were observed througt
the early months of 20009, late 2010, and 20%23. Cold temperaturesappeared late April
and May in 2010 SSTs in 2011 wen®rmal to warm for most of the year

Satellite data

Satellite results shoswarm (i.e., positivered bars) SSTauring most 02014-17 (Figure4).
Temperatures in 2004 throughid-2005 were consistently warnthis differs from the buoy
and SEFI datas these other data show periods of cdie., negative blue barsypwelled
water at the surface. Similar to buoy and SEFI results, 2006 had warmer SSTs in the fir
of 2006, and cold SSTs in the first half of years ZB Warm waters in the earljonths

and cold waters in the later months of 2010 are also consistent with other SST resuts
2011were average, while 2018nd 2013showed mostly cooler SSTs
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Data sourcehttp://www.ndbc.noaa.gov/station _history.php?station=4601®ith

49 additional data fromhttp://www.ndbc.noaa.gov/station_history.php?station=46026
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Sea surface salinitfyoceanacidification, and hypoxia

Overview

Sea surface salinity values are also used as indicators of upwelling, as high sea surface
salinities can be a sign of nutrient inputs from deeper watRising concentrations of
atmospheric carbon dioxide (ghaveled to an increase in the amount dissolvedCQ,
which has decreaseacean pH (acidifying the wate#n aragonite saturation state of 1 or
above is favorable to shell building for calcifying organisms; less thars@onsidered not
favorablefor shel building.Hypoxia is defined as an incidence of low oxygen waters,
particularly < 2 mg/L of dissolved oxygen. These low oxygen conditions are of concern 1
marine species, especially in benthic habitats where organisms may be less mobile or L
to move to areas with sufficient oxygen. With dissolved oxygen data collected during CT
casts during ACCESS cruises since 2010, we hope to contribute to the understanding ¢
and where these hypoxic events occur.

Southeast Farallon Island data

Sea surface salinity data from SteFlthe first several months showeahomalouslyiow
salinity values (i.enegativered bars) followed by neafaverage values (Figure; 3hese low
salinity values in 2017 may also be the result of more freshwater oufflom the San
Francisco Bay from wet winter conditions in 206w salinity values were evident in 2004
06, indicating weak upwelling conditions. Anomalousiyh salinity valuegi.e. positive blue
bars)were observed irarly months 02007-09 and 2012 Salinity values in 20101 and
201516 were average indicatinga lack ofstrongupwelling eventsn the early months of
these yearsConversely, 20124 had high salinity values in the early nmbs, suggesting
upwelling during this time

Aragonitesaturation state

Using a formula developed by Daetsal., 2018, alculated aragonite saturation state from
variables measured from CTD casts west of Cordell Bank dudygyuises showetbw
aragonite saturatiord f  mtlrougheul the water columin earlier years (e.g., 20-11). In
other yearg(201216)> (G KS ' NIX 32y A GS &l {0 dzNI3G rhklgw tie2 N
surface(e.g. 2014) t®0 m below the surfacée.g. 2012, 20165igureb).

Dissolved oxygen

Dissolved oxygen concentrationgeasured west of Cordell Bank durigycruisesshowed
hypoxic conditiong< 2 mg/l) at depthin 2011 (below 125 m) arat shallower depths in
2014 (8690 m;Figure7). Near-hypoxic conditions were ried at ~140 m and deeper in 201(
and 2012, as well as180 m and deeper in 2016. In 20h¥poxic conditions were observed
in shallower locationsupper 40 m of the water column
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Winds, upwelling andsea level height

Overview

Upwelling is a windlriven process where coastal winds blowing parallel to the coast rest
an offshore movement of surface water drawing deep, cold, nutrigsit waters to the
surface nearshore. The strengihd periodicityof upwelling can hava sgnificant effecton
the marine ecosystenperiods of strong upwellingre normallyalternated by relaxation
events hat allow for the spring bloom to occuHistorically alongshore winds and upwelling
values increase during the early months (both reacl@mgaximum in Jug), then decline
through the remainder of the yearnn addition to wind and upwelling indices, sea surface
height is an indicator of upwelling conditiong/hen sea surface height is lpthis is an
indication that winds have pushed suckawatersoffshoreand upwelling is occurring

Winds

Windsmeasured locally at #¢1NOAA buoy 46018ere average for most 02017, with short
periods of strongortherly alongshore winds (i.e. negative blue barspctoberand
December Figure8). There was moderate alongshore wind activity in 2G0#owed bya
lack ofnortherly winds in200506. Strong, upwellingproducing windsdominated for most of
2007-13. Winds in 201416 were largelyweak, withnortherly windsobservedin early and
late months of these years

Upwelling

NOAA Pacific Fisheries Environmental Lab regional upwelling indicesshog upwelling
conditions (i.e. positive blue bars) starting in May 2017 and continuing into thigigilre9,
top). Strong upwelling conditnswere observed from late2006 to early2009, from 2012 to
mid-2014, and again in 2016n contrast,upwelling index derived from wincheasurenents
from alocal buoy in 207 indicatemoderate upwelling conditions May through July, as we
as October and Deogber (Figure9, bottom). Thisbuoymay becapturinglocalized
conditionsnot observed in thdarger scalanonthly NOAAIndices

Satellite data

Sea surface heigimeasured from satellites 2017 was high(i.e., positive red barsput
lower than 201G Figurel0). High valuesobservedin 200406 and 20022010 were
associated with anomalous warm ocean conditions and El Nifio. Low values typical of
upwelling were dominant most of the time from 2007 to 2013. High observed from 2014
2016 were associatedith The Blob and EI Nifio

Ocean Climate Indicators 2017 12



Data sourcewww.ndbc.noaa.gov/station_history.php?station=46013
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Foring transition
Overview

The timing of upwelling can have significant effects on the marine ecosy3teenbeginning
of the upwelling season is known as thpiag transition dateand earlier spring transition
dates are linked t@reater productivity in our regional marine ecosystdfrwe consider
March 31 to be theaverage spring transition date, the earlisgring transitiordate in our
time serieswas Febuary 18 (in 2007, a cold water year), and the latest date was Maynl
1983, an EIl Nifio year).

Spring transition

The spring transitioin 2017 wasonly slightly later (4lay9 than the longterm average
transition date (Figur&l). About half of theyearssince the start of the ACCESS program i
2004(e.g. 200609, 201213) showed earlier transition dates (i.e. negative bars) and som
years (e.g. 201,016 had a late spring transition (i.e. positive bars). Spring transition d.
calculated from Bodega Bay buoy data since 1981 show similar rasudtstes calculated
from upwelling indices for most yeardhe transition date for 2017 was right at the loteym
average(Figurel?). Late transition dates tend to be associated with El Nifio events (e.g.
1983) and earlglates with La Nifia years (e.g. 200
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Climate Indices

Overview

Several climaténdiceshave been developed to understand climate effects on the bisial
scale. The Southern Oscillation Ing&0l)s based orlifferences ilfmean sea level pressure
anomaliedbetween Tahiti and Darwin, Australidegative SOI values indicate warm ocean
condtions related to El Nificand cold water conditions are shown in positive SOI valUés
Pacific Decadal OscillatigRDOBhows changes in surface wat@nghe North Pacific (from
20°N to the polept inter-decadal scales. Positive PDO values cormgpo warmer ocean
waters inthe eastern Pacificand negative PDO values correspond to cold watEnsNorth
Pacific Gyre OscillatiqiNPGOjneasures changes in circulation of the North Pacific gyre,
is highly correlated witimutrients andoverall poductivity. NegativeNPGO valueisdicate
warm water and pooconditions while positive values correspond to productive conditions

Southern Oscillation Index (SOI)

SOl valuem 2017 showedaverage tanoderatelywarm water condtions (i.e.negativered
bars)for the first half of the year, followed by cooler conditiofig. positive blue bars) for
the rest ofthe year(Figurel3). Warm wateswere obseved from 2004 through the first half
of 2007, then from early 2009 through mi#l010, and theragain in 2014 through mid016
Coldwater conditionswere observedrom mid-2007 through early 2009, and mgD10
through 2011.

Pacific Decadal Oscillation (PDO)

PDO result$or 2017 showedanomalouslywarmwater conditions (i.epositivered bars)for
the year with average conditions in the last few monitsgurel4). Warm water conditions
dominated the early years of this time series (rough0407), and from mid2009 through
mid-2010, and from 2014 through 20170l@ water conditions(i.e. negative blue barsyere
more prominent from late 2007 through the end of 20@hdfrom mid-2010through 2013
Cooler conditions may be returning as evidenced by the average values observed at the
of 2017.

North Pacific Gyre Oscillation (NPGO)

NPGOralues for 207 indicatewarm, poor productivity(i.e. negative red bajsconditions in
the early and late months, with warm to average conditions for most of the year (Figure
Warm water, poor productivity conditionsere evidentin 200506, and for most of the
period from 2014 to presentCold, productive (i.e. positive blue bars) prevailed from 2007
through 2013 Resultdor 2014-17 show a return to warm conditions
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Data sourcehttp://www.cgd.ucar.edu/cas/catalog/climind/SOl.signal.ascii
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Figurel3. Southern Oscilladn Index (SOI) values, 20Q47.
Black lines represent £99% confidence interaatsind the longterm monthly means.

3 Data sourcehttp://jisao.washington.edu/pdo/
2
1
4
2 O
©
>
o
[a)
o
C C LQ_E > =l O c LQ_S > - o c :—Q_E > =
e Rl e B Ne I e e g il R e R R e gl . e
2004| 2005 2006| 2007 [ 2008| 2009 2010| 2011| 2012| 2013| 2014 | 2015| 2016 2017
Figurel4. Pacific Decadal QBation (PDO) values, 20647.
Black lines represent +99% confidenatervals around the longerm monthly means.
n
(D)
=
T
>
@)
g -3 { Data sourcehttp://eros.eas.gatech.edu/npgo/
pd 44 . _ _ . _ . . _ . . _ . _
L N R A I A A A O O = = = =
2004 | 2005| 2006 | 2007 | 2008 | 2009| 2010( 2011 | 2012| 2013| 2014 | 2015| 2016| 2017

Figurel5. North Pacific Gyre O#ation (NPGO) values, 2004.
Black lines represent99% confidence intervals around the letggm monthly means.

Ocean Climate Indicators 2017 17


http://www.cgd.ucar.edu/cas/catalog/climind/SOI.signal.ascii
http://jisao.washington.edu/pdo/
http://eros.eas.gatech.edu/npgo/

Nutrients

Overview

With the input of nutrients likenitrate, phosphate, and silicate the surface layers of the ocea
during upwelling, phytoplankton have light from the sun and the necessary components to

and reproduce.

Phytoplankton need nitrate and phosphate for photdsssis, while diatoms

use silicatao build their cell waB. Nutrient concentrations can be used to track conditions
conducive to primary production and the productivity of the regional marine ecosystem.

At-sea water sample data

Surface concentrations of nitrogdrased (N@+NQ), silicatebased (Sj)andphosphatebased
(PQ) nutrients in 20T were low, continuing théow nutrient levels thabegan in mie2013
(Figurel6). Other warmwater events (e.g. 20066, mid2009) also showed reduced nutrient

concentrations,

early 2009).
_ 2
n 20
(2 g 15
a8 10
ER
ET 0
8 © -5
'(_—G (5’ -10
£Z 15
ey 20|
<& 2‘
=
15
@ 1
C —
o3 0.5
=
= B
Eg °
n ©
% é_ -0.5
£S 4
8 o
< -15

Apr Jun Ogt Jun Oqt Jun Apr JunMay Jul May Jul May Sejp Jul May Sep Sejp Jul May Sep Jul
2005 2006 | 2007( 2008 2009 2010 | 2011 2012| 20132014 2015( 2016| 2017

while higher concentrations were obseriredoldwater regimes(e.g. 200708,
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Figure B. Average surface concentrations of and-NRQ, Si, and P&Grom ACCESS cruises,

200517.
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Chlorophyll a and phytoplankton composition

Overview

Concentrations of chlorophyll a can provide information on the amount of phytoplankton in
surface waters. The timing of peak phytoplankton abundance could also have effects on he
productive a marine ecosystem will fgatellite data provide us with phytéggnkton abundance
estimates longterm monthly means in abundance show increasing phytoplankton abundan
March-May, a slight decline through gember, then a peak in Oober. Phytoplankton
collected within and adjacent to the Sanctuaries \magalyzedy the California Department of
Health toevaluateHarmful Algal Bloom (HAB) species, which hé&dpsus understand the
phytoplankton community compositioi€omposition of the phytoplankton community can
provide insight into how productive an ecosystemght be. For instance, an increase in the
abundance of dinoflagellates (a small organism) could signify poor ocean conditions, wher:
greater abundance of diatoms (a larger organism) could indicate more productive ocean w

Satellite data

Phytoplankton bloomgi.e. positive anomalies) were observedMiay-July of 2017{Figure T).
Overall, ocean color data showsat phytoplankton bloomsre more commorduring weak
upwelling years as indicatday positive anomalies in 20626 and201316. Negative anomalies
generally correspond tatense upwelling years from 20al2. Booms are known to occur after
the seasonal thermocline is established, so the peak chlorophyll concentrations in later mo
(fall and winter) of 2005 and 2006 could be kped by the delayed upwelling in those years.
Strong upwellin@nd a lack of relaxatiooould explain the average to low phytoplankton
abundance irR007-12. Blooms appearedore frequently in 2011 but were relativelgw.

California Department oPublicHealth data

The phytoplanktoncommunity sampled in offshore statiofisr 2017 waslargely dominated by
diatoms(Figure 13. Large percentages of diatoms have been observed in recent G (
17); while sampling locations may have varied throtighe (i.e., more southern stations
sampled in 2004909, more northern stations sampled in 2014), stations in the core area
sampled since 2004 show this trend of increasing diatoms through @tieryears €.9.2006,
2007, 200%and 201) showed an increase in dinoflagellates from spring/summer to fall/winte
while other years (e.®2010 201213, 2017 showed low dinoflagellate abundance throughout
the year.Dinoflagellates are most associated with warm, less turbulent wasdes in the year
(when diatoms sink and become scarce in surface watard)are responsibléor harmful algal
bloomscommon in the fall monthsthe exception to this are diatoms in the gerRseude
nitzschia which are responsible for domoic acid evei@sntrary b most yearsdinoflagellates
were relatively more abundant thagiatomsin the spring/summer of 2008
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Monthly anomalies
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Figure Z. Monthly anomalies of chlorophiyh, MODISAqua satellite, 2004.7. Black
lines represent £99% confidence intervals around the {tmmm monthly means.
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Zooplankton composition

Overview

Information on the abundance and species composition of zooplankton are also indicatc
the productivity of an ecosystem. For example, an overabundance of gelatinous species
signifypoor productivity, anda highly productive ecosystem may havghhabundance of
euphausiidsvhich are important prey for fish, seabirds, and marine mammals

Overallrelative composition

While 2014-16 dataare not yet availableye can seeariability in zooplankton abundance
and compositionin years200413 (Figurel9). Anecdotal observations of zooplankton
samples taken during 201&hd early 205 ACCESS cruises appeared to be dominated by
gelatinous zooplanktarsmallamounts ofsmalleuphasiids reappeared in summ2015 and
larger amounts of largezuphausiidsvere present irfall 2015 From Sefember2004
through Ocbber 2006, the overall average abundance of zooplankton is greatly reduced
never reaches ove30individuals per cubic meter of water sampldthe trend changeth
2007, when overaltooplanktonabundance increasedramatically, and this overall increase
in zooplankton abundance is sustained for most surveys in 2007 and 200& maisly
attributed to increasedn euphausiid and copepod abundandehe first half oR009shows
high zooplankton abundance (especially euphausiids and copepods), folloveettayn to
low zooplankton densitiefResults from 201611 showincreasing zooplankton abundanges
with a significant increase in euphausiidsdecline in zooplankton abdance occurred in
early 2012 and increased agdimough June 201AVhile euphausiid abundance was down
2014, tunicates (represented in the OTHER category) wereplemtiful. While we do not
have samples from each month of the year, cesults showa peak in Jumin some years
(e.g. 200709), while the latter years (e.g. 20118) show a peak in the fall

Overallcommunity analysis

We looked for similarities between different years based on the zooplargpecies
compositiondata by performing aon-metric multi-dimensional scaling analy$@ samples
collected inthe spring and summer month&pr-Jut Figure20). In general, there appear to
be two main groups thiacluster together: years 20046 (warmregimeyears) and years
200713 (coldregimeyears) Conditions in mie2009 changed from cold waters to warm
waters, which revealed a change in the zooplankton community (Forgaal 2016), and
this could be one reason for the departuresaime ofthese samples from the others in the
200712 group.While all the samples from 2@ are not completedthesesamplesare
scattered in warm and cold yearthis representshe transition to the North Pacific heat
waveand an increased abundance of tunicates (mainly doliolids)
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Copepods
Overview

Copepods arenid-trophic level organisms, artley are themost abundant and diverseooplankton
taxon, constituting the largest source of gen in the marine environment.dpepod communities
change in response to changing oceanographic conditiamd the presence and absence of key
species can indicate theshanges Copepods that are common to northern latitudes (called bore
species) become more abundant in colder, productive ocean waleassition zone species are
common species to this region, yet they can become more abundant in colder waters and less
abundant in poor ocean conditionEquatorial species (i.e., species from tropical or subtropical
regions) can be found during warm water intrusigesy., El Nifio event&iom southern latitudes.

Relative composition

While we do not yet havdata forall years the resultswe dohave indicate changes in the copepoc
species composition, the most notable in the boreal species (F&f)rén general,liese species
werein reduced abundances during warm water regimes @004-06, last half of 2009and higher
abundanceduring cold water regimes (e.g007-early 2009, 2014.3). While we do not have
samples from each month of the year, oesults for boreal copepods generally show peak
abundance irMay-Jure, and declining densities in fall, but this varies with ocean conditions (e.g
2009, 2010).Species common to mildtitude areas wereén relativelylow abundances throughout
the time seriesyith increased abundances the latteryears (201114; Figure22). Our within-year
results varied greatly, with peak abundances ineJian some years (e.g. 2007, 2009) and
Sepember/October for others (e.g. 20086, 201013). Equatorial copepods remained in low
abundances throughout thelevenyears, exceptor highdensities in 2007 anslightincreases in
abundancen 2011 (Figure 3. Peak abundances are typicallyring Segember cruises(e.g.2007-
09, 201113).
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Pteropods
Overview

Pteropods argelagic marine gastropods and are commonly known as sea buttefffiese are
two ordersof thesemid-trophic level organismsrhecosomata and Gymnosomata; the forme
contains a shell while the latter does not. One species belonging in the order Thecosomat
Limacina helicinahas beerdzi SR (2 &a0dzRé GKS STFFSOda 27
cakium carbonate shell is sensitive to dissolution in acidic conditions, and shell thickness
measured on this species to assess ocean acidification and its effects on the marine
environment.L. helicindhas been classified as a key indicator spedexean acidificatioror
this region Duncaret al., 2013.

Abundance

We do not yet havall theresults from 202-16. However, resultsve have so far reveakery
low abundances df. helicinan our regionduring the first two yearof our study(Figure24).
Increases were first noted in JBA006 (which may have coincided with the beginning of the
delayed upwelling in that year). Abundances have remained at low levelsinetdased
abundancesioted in 20D-12. Adecline inpteropod abundancewas observed in 201&nd no
L. helicindhave been observed in 2014 yet (but these are preliminary restit® significance
of these results so far are still beinyestigated

We are currently investigatintipe temporal and spatial patterns in heicina as well as the
oceanographic conditions related to higher abundances of this species
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Figure24. Average abundance of the pteropdagimacina helicina2004¢ June 2014
Note: July 2014 data are not complete.

Ocean Climate Indicators 2017 25



Euphausiids

Overview

Euphausiids (commonly known as krill) are importand-trophic levelorganismsTheyfeed
mainly on phytoplankton andre preyfor many maringop predators(e.g.,salmon, seabirds,
andblue andhumpback whales)'here are two mai species found in thstudyregion
Euphausia pacificand Thysanoessa spiniferthe former being more abundant than the lattel
Adult and immature stages of these species are known to be the primary prey items of the
I aaAyQa I dzl t S (séabird specRbrdeding dn tha Al Isiznds.

Abundance

Acoustic biomass resulter 2017show thelowest euphausiid abundance in June, then peak
biomass injuly, followed by aslightdeclinein SeptembefFigure 2% Abundanceof
euphausiidglown to 200 m below thaurface were lower in the first 5 years (2608, with
early 2006 as the exceptipmvith seasonal peaks in spring/summer, followed by increased
abundance in 20091. Euphausiidabundance appearetb wanein 201216, with periods of
heightened biomass (e.g. June 2015, July 2016), then a rise in abundance.iiWBdé&%ve do
not have samples from each month of the year, our results indicateial peaks in euphausiic
abundance appea&d to shift from mostlyMay orJune cruises(2004-09, 201415) to Juy cruises
(201013, 201617). The large 2006 densities are likelg artifactdue to salps and other
gelatinous zooplankton that were abundant that yeas these species can confound acousti
results

Euphausiid age classes

Adult E. pacificavere relativelyabundant in Tucker trawl samples (i.e., sampling down to 2C
m) in May 2017 but declined in July and September cruiggure 2§. Adulteuphausiidsvere
more abundant during the cold, productive conditions of 2@®&7 as welhs average condition:
in 201011, while younger stages dominated during the warm, less productive conditions
observed of 20086, andlater monthsof 2009 2012, 201415, and 2017Adults were
abundant for most of 20143, although percentages appear to Heclining through timewith
fall cruses (Sepusuallyshowhigher percentagesf the youngetife stages.

Adult euphausiid sizes

AdultE. pacificacaught in Tucker trawls vary in size depending on the oceaditions of the
year (Figure 2/ Whenwe combine results from the cold water years (e.g. 20@Y, the length
frequency distibution peaks at 13 mm and 20 miWarm water years (e.g. 20635, 201415)
show only one peak at 13 miWhile 2016 was considered a warm year, adult krill had two
noticeable cohorts (14 mm and 21 mm), similar to cold water years; and while 2017 was a
cooler year (compared to 2016), adult krill size classes peaked at 14 mm, similar to warm
years Overall, cold conditions result in larger adult euphausiids compared towwanditions.
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Figure25. Acoustic biomass of euphausiids down to 200 m, 2004
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Birds

Overview

Seabirds are top marine predators that feed on a variety of marine organisms. Some sp
breed within our study area, while other species migrate great distances to spend their |
breeding period in the central California Currefihe abundances and dligutions of marine
birds have been linked to bathymetric and hydrogragbatures which aggregate prey;
many seabirds live in or travel to the central California Current because of the-highly
productive waters common to the region.

Relative compositio

There were a total 056 species of seabigddentified during atsea cruises (Tabl. When
looking at the top ten most abundant seabird specaspf these are known to breed on SE
or other areas within the central California CurreBbotyand pink-footed shearwaters
overwinter in the study areandred andred-neckedphalarope species can be fouhdre as
they make their way from their Arctic breeding grouniddropical waters for the non
breeding period.

The next few sections witbncentrate on the information available on some of these

abundant speciegarticularlythree speciesvhichbreed on SEFtommonmdzZNNBE =/ |
adz] £ SG X I goioranNI Y R Qa
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Tablel. Seabird species and averatgnsities per cruise, 20047.

Average density
(number of animals

Common Name observed per ki of

common murre
sooty shearwater
Cassin's auklet
pink-footed shearwater
western gull

Brandt's cormorant
rhinoceros auklet
red-necked phalarope
unidentified phalarope
ashy stormpetrel
California gull
fork-tailed stormpetrel
northern fulmar

pigeon guillemot
blackfooted albatross
red phalarope
unidentified gull
Buller's shearwater
Heermann's gull
unidentified shearwater
blacklegged kittiwake
pelagic cormorant
tufted puffin

black stormpetrel
brown pelican

Sabine's gull

Pacific loon
unidentified alcid
Bonaparte's gull
Scripps's murrelet
unidentified dark shearwater
short-tailed shearwater
pomarine jaeger

Arctic tern

surf scoter

unidentified auklet
doublecrested cormorant
flesh-footed shearwater
glaucouswinged gull
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survey area)
18.8981
9.4267
9.2153
1.2540
1.2023
0.9103
0.7910
0.6987
0.4843
0.4757
0.3252
0.3071
0.2504
0.2211
0.2117
0.1765
0.0932
0.0808
0.0465
0.0403
0.0301
0.0278
0.0216
0.0202
0.0189
0.0168
0.0125
0.0113
0.0108
0.0098
0.0095
0.0085
0.0071
0.0059
0.0044
0.0041
0.0030
0.0030
0.0025

Common Name

ancient murrelet
South Polar skua
unidentified stormpetrel
common loon
elegant tern
parasitic jaeger
Laysan albatross
Canada goose
peregrine falcon
unidentified duck
Thayer's gull
unidentified loon
mottled petrel
red-throated loon
Wilson's stormpetrel
black scoter

herring gull

Average density
(number of animals
observed per kn

of survey area)
0.0024
0.0021
0.0020
0.0019
0.0017
0.0017
0.0012
0.0009
0.0009
0.0009
0.0009
0.0009
0.0008
0.0008
0.0008
0.0008
0.0005
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[ I a aalkietQ a
Brief species account

¢ KS / lauklét ’s ¢ €l burrowing seabird that breeds on the Farallon Islands. This
zooplanktivorous species, with the majority of their diet consisting of euphausiids.

Abundance

In 2077, peakdensity2 ¥ / | & & A $6@Qukletdkni?) viasbbisarved induly and was the
second highest abundance in our time seliegure28). The highesabundance2 ¥ / | a
auklets in the time series wdsund in May 2004106 aukletskm?). After this, less than half
this peakdensitywasobserved in any cruise. In general, counts were higher during the
breeding season (Mah-August). The loweshumber of auklets wakund in 2006, the year
with delayed and weak upwelling conditions. Numbers rebounded to some degree9n 2C
17. Intra-annud results track theeuphausiidacoustic results, with peak numbers occurring
during Jun for most years through 2008, then peak auklet counts shiftedytfodthe
remaining years.
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Figure28.! 6 dzy R y O S adaukdet obiseved duking 8a&h cruise, 2004.
Distribution

/' aaAyQa | dz] f Sangihe shelhieak 2eaBES| MALSr&ell Bankn May 2017
(Figure290 @ / lauklats\ayeQ@adsing chicks during the months of May ane Jwhich is
why they were found close to SEFsomeyears(e.g.,2015-17). While not shown herepoor
upwelling years€.g.200506) were characterized by smallauklet flocks, and theyentured
farther north and inlandimproved ocean conditionseturnedin 2007,and auklets were
observedover Cordell Bankalong the shelf break and closer to SEFI, but not inattye
flocks noted in 2004.
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NOTE: July 2014 shown here, as the June survey only covered a small area.
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