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2022 marked the third consecutive La Ni/la and extended the longest 
consecutive stretch of negative Oceanic Ni/lo Index since 1998-2001. While 
physical andbiological conditions in winter andspring largely adhered to prior La 
Ni/la conditions. summer and fall were very different Similar to past La Ni/la 
events, in winter and spring coastal upwelling was either average or above 
average, temperature average or below average, salinity generally above 
average. In summer and fall however, upwelling and temperature were 
generally average or slightly below average, salinity was close to average and 
chlorophyll a wascloseto average. Again,asduring prior LaNi/la events, biomass 
of northern/southern copepods was above/below average off Oregon in winter, 
and body size of North Pacific krill in northern california was above average in 
winter. By contrast, later in the year the abundance of northern krill dropped off 
Oregonwhile southern copepods increased and body sizes of NorthPacific krill 
fell in northern caIwornia. Off Oregon and Washington abundances of market 
squid and Pacific pompano (indicators of warm, non-typical La Ni/la conditions) 
werehigh. In the 20"' century, Northern anchovy recruitment tended to be high 
during cold conditions, but despite mostly warm conditions from 2015-2021 
anchovy populations boomed and remained high in 2022. Resident seabird 
reproductive success, which tended in the past to increase during productive 
LaNi/la conditionswashighly variable throughout the system as commonmurre 
and pelagic cormorant experienced complete reproductive failure at Yaquina 
Head, Oregon while Brandt's cormorant reproduction was average. At three 
sampling locations off central california, however, common murre reproduction 
was close to or above average while both pelagic and Brandt's cormorant were 
above average. california sealion reproduction has been above average each 
year since 2016, and pup weight was also above average in 2022, likely in 
response not to La Ni/la or El Ni/lo but continuous high abundance of 
anchovy. The highly variable and often unpredictable physical and biological 
conditions in 2022 highlight a growing recognition of disconnects between 
basin-scale indices andlocal conditionsin the CCE.•July-December 2022ls the 
biggest outlier from individual 'strong·La Ni/la (events) ever going back to the 
50s.' - NateMantua 

 
 

 
KOWOJtDS 

cautomia CurTent, marine heatwave. La Nil'la/El Nil'lo, cautomia Cooperative Oceanic 
Fisheries lnvestigatiOr\ !job.al warming 
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Introduction 

Basin scale indices of ocean condition ha"' the potential to 
infurm biological dynamics at regional scales (Hallett et al., 2004). 
Since the early 1980& expectations ha\,. formed regan!ing the 
biological implications of El Nifto and La Nilla conditions 
throughout the world (Cobb et al., 2013; 1immermaM et al., 
2018; BroughlOn et al., 2022). NOM's National Weather Service 
declares that the ocean is in an El Nillo/1.a Nilla state when the 3- 
month averagesea surface temperature anomalyex fallsbelow 
o.s•c of averai, (between 1971 and 2000) in the east-<:entral 
equatorial Pacific (5°N to 5°$ and 170"W to 120"W) for five 
consecutive months. In El Nifto yean the northern and southern 
(poleward of 20") Pacific Ocean tends to be relati,,.ly wamt off the 
western coasts of North andSouth America but cool in the western 
Pacific and vice versa in La NitJa }'ears. In the California Current 
Ecosystem (CCE), which covers the coast of North America 
ben,,..n Vancouver Island, Canada and southern Baja California 
Sur, Mexico (Figure I), the ftow of the eastern boundary California 
Current, and upwelling tend to be high during La Nilla events 
(Bond eta!, 2008). This results in high nutrient inputand i,nerates 
cool, productive conditions that, for example, facilitate the 
increased spawning output, growth and survival of many 
zooplankton species such as North Pacific krill Euphasia paafica 
and 11rysa.noessa spinifera that are important prey for juwnile 
salmon leaving their natal rivers and entering the ocean tor the 
first time (Peterson et al., 2014). 2022 represented the third 
consecutive La NitJa year, and our goal here is to evaluate 

oceanographic and biological conditions in the CCE to determine 
if the system wassimilar to prior La Nilla events (Bond et al.,2008). 

In the past,there was i,neral consensus of the expected physical 
and biological conditions in the CCE during La Nilla """ts (Bond 
et al., 2008). For example, northerly winds that induce up"..Uing 
were typically high and the onset of these winds (ie., spring 
transition) was early in the year. This upwelling brings cold, 

saline and nutrient rich water to the surface. The nutrients fuel 
primary production and thus chlorophyll was high. At the 
secondary trophic lewl, large, northern, lipid-rich zooplankton 
abundance tended to be more abundant than sm.aller, southern 
zooplankton. Fish species that feed on the lari,r zooplankton (e.g), 
tended to experience high survival during La Nilla. In addition, 
recruitment of anchovyseemedto increase during the cold La NitJa 
events while sardine recruitment may haw been lower (Chavez 
et al., 2003). Many apex predators such as sea birds and marine 
mammals tended to have high reproductive success during the 
productive La Nifta conditions (Jones eta!.,2018; Laake et al., 2018; 
PislOrius et al., 2023). 

Desptte the common use of El Nillo/La Nilla to predict 
biological dynamics, tt has become increasingly dear that the way 
El Nifto and La Nilla manifest locally can change through time 
(Park et al., 2012; Yeo et al., 2012; Yu et al, 2012; Jo et al., 2015; 
Ohlberi,r et al.,2022; Hong and Hsu, 2023). Forexample, Yu et al. 
(2012) found that Eastern Pacific types of El Niftos were more 
common prior to 1990 but C,entral Pacific El NitJo events were 
predominant &om 1990-2009. Both Eastern Pacific and Central 
Pacific El Nillo events begin with warming at the equator, but the 
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Local conditions occurring under another popular basin-scale 
indicator, the Pacific Decadal Oscillation (PDO) are also proving to 
be hjghly dynantic (lit2owet al.,2020a). The PDO is a multivariate 
index characterizingvariability in sea surface temperature anomaly 
in the north Pacific (Mantua et al., 1997). It is hjgh when water is 
relatively wanner in the eastern than the western Pacific and vice 
"'"a. At decadal time scales, high and low PDO periods tend to 
cluster resulting in conditions termed warm and cold regim 
respectively. These warm and cold PDO regimes ha,,. been tied 
to biological events such as periods with low and high anchovy or 
sanline abundances (Chave:t et al., 2003). Howewr, lilZOw et al. 
(2020a) found that beginrung in 1989 there has been increasing 
discoMect between the value and even the magrutude of the PDO 
and SST anomalies in both the Bering Sea and the CCE. The 
persistent north Pacific MHWs chanwd the mearungof the PDO in 
southern Califorrua so fundamentally that Werb and Rudnick 
(2023) questioned its utility as an index that can be used to 
predict biological dynamics. 

The potential for nonstationary local relationships under El 
NitJo/La Nil\a or warm/cold POO regimes necessitates continuous 
morutoring of both physical and biological conditions in marine 
ecosystems to understand ecosystem status and make sensible 
ecosystem-based management decisions. The State of the 
California Current Ecosystem Report has been documenting 
ecosystem conditions in the CCE every }"ar since 1993. Here, we 
again report on trends in physical oceanography, phytoplankton, 
pelagic invertebrate zooplankton, fish, birds, and marine mammals. 
Ourgoal is to explicitly compare physical and biological features of 
the CCE to determine how the system in 2022 compared to past 
strong La NitJa e, nts occurring over the past half century. 

 
 

Methods 
Map of sam ing locations. The folowing are sea-going sur\Eys: 
Purple is the Ju\EIWe Sain-on Ocean EcmystemSuNey (JSOES), 
blJe is the Newport Hydrographic Line (NHU,green is the Rockfish 
Recruitment and Ecmystem Assessment Survey (RREASl grey is the 
Trinidad Head Line (THU,and orange is the Catifomia Cooperati\E 
Oceal'lc Fisheries ln\Estigation (CatCOFI) suNey. Red dots arelard 
based surveys for Drds (Yaqt.ina Head. Fbint Reyesand Devrs Slide) 
and sea lions (San Miguel lslancO. Statesand lan<rnarks ;,e in wtite 
font: WA isWashington, OR is Oregon,CA isCatifomia,. BCN is Baja 
Catifomia Norte,.and BCS is BajaCatifomia Sur. 

 
 

Eastern versions form closer to South America and tend to 
propagate warm water to higher latitudes than the central 
counterparts (Capotondi et al., 2015; Lilly and Ohman, 2021). 
Within the CCE, El Nillo type can greatly affect local biological 
conditions.. and different woplankton communities emerge under 
Eastern Pacific versus Central Pacific El Nillo events (Chave:t et al, 
2002;  Lilly and  Ohman, 2018; Lilly and  Ohman, 2021). 
Furthermore, marine hean--aves (MHW), which are becoming 
more frequent worldwide (Jacox et al., 2020; Jacox et al., 2022), 
can dampen telecoMection between tropical and hjgher-latitude 
conditions. Indeed, despite NitJo-neutral conditions in 2017 
sum.mer surface water temperature was 3-4° C above awrage off 
Peru and Ecuador, and this event was called a "coastal" El Nillo 
(Echevin et al, 2018). 

 
The State of the Califorrua Current Ecosystem Report 

synthesizes data 6-om a myriad of satellite observations and land 
or ship-based surveys that have proven over the years to be 
insightful indicators of the physical or biological status of the 
CCE (McOatchie et al, 2016b; Thompson et al, 2019b; Weber 
et al., 2021). The methodology of each survey (Figure I) has been 
well described els"'½\ere, and here we provide a brief summary of 
each data source as well as a reference for each that provides details 
on data collection. \Ve present timeseries of anomalies tor most of 
the analyzed variables. Foreach variable we first calculated the long 
tenn mean across all sample points and then subtracted the gi,,en 
value 6-om the mean. We then qualitati,..ly described whether the 
value in 2022 was awra (at orvery close to the mean), below or 
abow avera . 

 
 

Pacific climate indices 
 

We obtained time series of the Oceanic Nillo Index (ONO and 
the Pacific Decadal Oscillation (PDO) and North Pacific Gyre 
Oscillation (NPGO) indices from the California Current 
Integrated Ecosystem webstte (https://oceanview.pfeg.noaagov/ 

  

https://oceanview.pfeg.noaa.gov/dashboard/
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dashboard/). The ONI is a three-month running mean of SST 
anomalies ""rai,d within and around the equator at 5°$-S°N and 
12.0"W-170°\V. The PDO is the fust eigenvector of a Principal 
Components Analysis of sea surface temperature in 5° x 5° grids 
throughout the North Pacific (Mantua et al., 1997}. The NPGO is 
the second eigen,.,ctor ofsea surface height (SSH} throughout this 
same region (Di Lorenzo et al., 2000}. 

Next, we examined broad trends in SST in the North Pacific. 
First, we plotted a time series of Hadley SST (https:// 
www.metoffice.!l')v.uk/hadobs/hadisst/) with a five-month running 
mean ofSSTanomalies averaged over JO"N-&N and 12.0"E- I10°\V 
to describe dynamics of SSTthroughout the North Pacific. Next, we 
focused on the California Current Ecosystem by plotting five 
month running means of area average SST anomalies over 30-48° 
N along the coast out to I50 km. 

To visualizespatial distribution ofSSTin the Pacific, we created 
figures ofseasonal averages ofSSTand wind anomalies from winter, 
spring, summer and lall 2022 using data &om NCAR/NCEP 
Reanalysis (downloads.psl.noaa.gov/Datasei./ncep.reanalysis/ 
Monlhlies/surlacel}. 

To contextualize the strength of the 2022 La Nilla relative to 
past La Nil\as, we created a figureshowing the averageSSTanomaly 
during the ten strongest La Ni/las from 1991-2020 veisus the SST 
anomalies in 2022 in the fust and second hal"'s of the year. We 
noted that conditionsseemed to varygreatly in the fust andsecond 
hal,.,s of 2022 and thus created separate plot, for January to June 
and July to December. 

 
 
Marine heatwave update 

Since the onset of the 2013 North Pacific Marine Heatwave 
(MHW}, these e"'nts,as defined byHobday et al. (2016), have been 
present near constantly in the North Pacific (Weber et al., 2021), 
and 2022 was no exception. We compared the duration and 
intensity of the 2022 MHW at two spatial scales. Fiist, we 
evaluated the size and duration of the 2022 MHW relati"' to the 
235 MHWs recorded since 1982 at the scale of the North Pacific. 
Next we examined the amount of area in the North Pacific that 
contained a MHW through time in 2022. To evaluate the presence 
ofMHW's in theCCE, we dernan:ated the proportion of the ocean 
from theshore to theseawan!edge of the Economic Exclusi,., Zone 
(EEZ 370 km) that included a MHW. We further discerned the 
emlution of MHWs in the CCE by plotting against day of the year 
the proportion of the EEZwith a MHW in 2022, and in recentyeais 
with MHWs (2021, 2020, 2019 and 2014). Finally, we plotted the 
total area of MHWs in 2022 perday along with the same fouryeais 
as the previous graph. 

 
 
Upwelling and primary production 

 
We evaluated upwelling strength by plotting SST anomalies 

from the coastout ID 75 km fromshore &om 4rN to 3l°N between 
January 2017 and December 2022. We coupled this panel with 
anomalies of the Biologically Elrecti"' Upwelling Transport Index 

(BEUTI), which estimates vertical ftux of nitrate ID the mixed layer, 
over the same temporal and spatial extent (Jacox et al., 2018). Next, 
we examined howcumulative upwelling progressed on a daily basis 
in 2022 versus the long-term average and the most recent three 
}"arS. Here, we examined the Coastal Upwelling Transport Index at 
4rN, 45°N, 42°N, 39"N, 36°N, and 33°N. In addition, we plotted 
imai,s ontoa 0.I° xO.I° grid ofspring (March-May) chlorophyll a 
anomalies &om 2020-2022 rela ID 2003-2022. We obtained 
satellite-derived (Aqua MODI$) chlorophyll a data off the west 
coast of the United States &om httpsJ/coastwatch.pfeg.noaagov/ 
enldaplgriddap/erdMH lchlarnday. 

 
 
Regional temperature, salinity and 
chlorophyll a 

We compared anomalies of temperature,salinityandchlorophyll 
&om various locations within the CCE. Anomalies were calculated 
&om in-situ measurement, along the Newport Hydrographk line 
(NHL; Figure I) at stations 5 and 50 (Auth et al. 2018), Trinidad 
Head Line (11iI. Figure I) at station 2 (Robertson and Bjorksted 
2020), and CalCOA (Figure I) line 90 at stations 30, 60 and 90 
(Robidas, 2023). For CaJCOA, we analyzed CTD data that has been 
sampled at 1-m depth intervals since 2003. In each location, we 
evaluated conditions relatively shallow (NHL: 50 m, THI.: 15 m, and 
CaJCOFI: mean 0-50 m) and deep (NHL ISOm, THL 65 m and 
CaJCOFI: mean 151-200 m) in the water column. There was no 
winter CaJCOA cruise in 2022 due to issues with covid and stalling 

 
 
Regional zooplankton 

 
Three indices of zooplankton were collected throughout the 

CCE. At the NHI. we evaluated biomass anomalies of northern and 
southern copepods collected with bongo nets deployed to JOO m 
(Peterson et al., 2014). We also analyzed anomalies of adult body 
size and total biomass of North Pacific krill collected along theTHL 
with Bongo nei. deployed to JOO m (Robertson and Bjorksted 
2020). Finally, total krill biomass anomalies were measured north 
andsouth of Point Conception usingdata from rnidwatertra"1s(30 
m, 15 min) collected by the Rockfish Recruitment and Ecosystem 
Assessment Survey (RREAS; Figure I) (Sakuma et al., 2016). 

 
 
Regional fish and market squid 

 
Various life stages offish were sampled throughout the CCE 

(Gallo et al., 2022). Here, we locus, from north to south, on the 
Juvenile Salmon and Ocean Ecosystem Survey ()SOE$; Figure I), 
the NHL, the RREAS and CalCOA. In each survey we delineated 
fishes from particular habitat types (eg., coastal, northern veisus 
southern offshore from NHL) that in the past were observed to 
respond in at least somewhat of a predictable fashion ID basin-scale 
dynamics (Thompson et al., 2022b). Furthest north, JSOES 
conducted hori7.ontal net tows in the upper 20 m of the water 
column during the day. Although many fishes were caught through 
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JSOES spring sampling (Barcelo et al., 2018), we examined 
abundance anomalies &om just those that reside near the surface 
during the day and do oot undeigo die!\O!rtical migration. We also 
distinguished fishes with marine versus anadromous lire histories 
from JSOES. Off the NHL, ichthyoplankton were collected every 
two weeks with bongo nets &om Janwuy to Match (Daly et al. 
2013). The RREAS (Figure I) conducted 15 minute to"' at 30m 
depth in early summer (Schroeder et al. 2019) off California since 

2004. We categorized RREAS fishes into adult or young of the year 
(YOY) life phases and plotted standardized abundance time series 
north and south of Point Conception (Santora et al., 2021; 
Schroeder et al., 2022). The Ca!COFI survey has been sampling 
quarterly offcentral andsouthern California consistently since 1951 
using a ring net from 1951-1976 and then a bongo net &om 1977- 
present (Thompson et al.,2017).Springsamples tend to contain the 
most species and are the most consistently sampled (Thompson 
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(A) Basin-scae indices:Oceanic Niiio Index(ONI), Pacific Oecadat Osclation (POO), North Pacific G)feOscilation (NPGO), North Pacific Sea 
Surface Temperature (SST)anomciy, ard Catifomia Current Large Marine Ecmystem SSTaromaty. (BJ SSTanomciies in winter, s ing, st.mmer aid 
fal 2022across the Pacific and geostroplx a.ment flow. 
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et al., 2022a), so we focused on this season. Prom Ca!COFI, we 
distinguished ran with adult benthic, mesopelagic and pelagic 
habitats and plot abundance anomalies. 

Given the importance of northern anchovy Engraulis mordax 
(henceforth anchovy) to ecosystem dynamics in the CCE (Pennie 
et al., 2023), and initial observations showing thatlarval abundance 
seawanl of the shelf break were"''Y high, we also included a plotof 
the spatial distribution of anomalies of la,val abundance of this 
species in spring 2022. For each Ca!COFI station we calculated the 
mean number of larvae in spring from 1951•2021. \Ve then 
i,nerated station specilic anomalies by subtracting the number of 
larvae caught in 2022 from the long.term average. 

 
 

Regional seabird and sea lion reproduction 

Seabird monitorin& where measures of reproductiw success 
(number offledged chicl<s) from individual nests are recorded using 
standardized methodology, are conducted worldwide and from 
several locations in the CCE (Pistorius et al., 2023). We examined 
time series of reproductive success of three surface nestingspeci 
the common murre Uri.a aalge, Brandt's cormorant Phalacrocorax 
pe.nicill.a.tus, and pelagic cormorant Phalacrocorax pe.l.a.gicus. 
Fwthest north, these species were monitored at Yaquina Head. 
Oregon (Porquez et al., 2021). In California, we examined 
reproduction dynamics from Point Reyes, Southeast Farallon 
Island, and Devil'sSlide (Santora et al. 2014). California sea lions 
Zalophus californianus ha\O! been monitored at San Miguel Island 
for decades. We reported mean pup weight anomalies from 1997- 
2022. We focusedon pup weight anomaly as it has beenshown to be 
a robust index of pup conditions (McC!atchie et al., 2016a). 

Regional at-sea mammals and birds 
 

CaJCOFI marine mammal visual surveys were carried out 
during daylight hours while the ship was in transit between 
Ca!COFI sampling stations on each quarterly cruise (Campbell 
et al., 2015). Observations of seabirds were made off the RREAS in 
late spring and Ca!COFI in summer (Sydeman et al., 2021a; 
Sydeman et al., 2021b). For marine mammals we analyzed two 
indicator species, humpback whales Megaprera novaeangliat and 
blue whales Bal.aenoptera musculus. For seabir we tracked 
dynamics of resident common murre and migrant sooty 
shearwater off central California in late spring and cool water• 
associated sooty shea.rwater and warm water-associated black• 
wnted shearwater Pujinus opisthomtl.a.s. 

 
Results 

Pacific climate indices 

The three major basin-sc.ale indices were all negative in 2022. 
The ONI was negative all}"arindicating that the Pacific Ocean was 
experiencing the third consecutive La Nilla in as many }"'JS. The 
PDO has been continuously negative since 2020. The NPGO has 
been negative since mid-2017 (Figure 2A). 

The mean SST anom.aJy across the North Pacific Ocean 
however, has been positive nearly 100% of the time since 
2013 and has steadily increased since 2018. In 2022 the 
SST anomaly in the North Pacific reached a record high 
towards the end of the year. Similacly, the SST anomaly in 
the CCE region has been almost exclusively positive since 
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2014. Both in 2021 and 2022, ssr wasslightly below average in the 
6..rst half of the year but above average in the second 
half (Figure 2A). 

Visuali7.ation of SST anomalies throughout the North Pacific 
contextualize the average trends. In winter, ssr was close toaverage 
near the coast of North America but well above average in the 
central Pacific (Figure 2B). Inspring,conditions resembled a typical 
La Nil\a asSST was below average in the eastern Pacificbut above 
average in the western Pacific. Inswnmerand tall, theSSTanomaly 
was also hjgher in the east than the wes but the SST anomaly was 
hjgher than average in the entire region (Figure 2B). 

The contrast between the rust half of2022 and the second half 
was evident bycomparison ofaverageSSTanomalies in thestrongest 
I.a Ni/la during the past 30 }"'JS versus that of2022 (Figure 3). The 
first partof 2022 resembled a mild I.a Ni/la as ssr was below normal 

along the coast of North America and above avera in the central 
Pacific (Figures 3A, B). In summer and fall, howe\,.r, the SSf 
anomaly was well above averaw (Figures 3C. D) in the eastern 
North Pacific and well above average in the western Pacific. 

 
 

Marine heatwave update 

From the perspective of the North Pacilic Ocean, the thud 
Iarwst MHW occurred in 2022, following only the 2018 and 2020 
e,oents (Figure 4A). In January 2022, MHWs covered approxinutely 
half a million km' (Figure 4B). Marine heatwave coveraw increased 
abruptly in the North Pacific in March to about 4 million km1; 

however, until August the MHW was mostly seaward of the EEZ 
From August to November the MHW footprint increased to 
approximately 7 million km', and it encroached into the CCE. By 
the June 9, 2022 the MHW was present in ~20% of the CCE 
(Figure 4C). The amount of the CCE experiencing a MHW jumped 
to ~50% by the middle of the year and in August approxinutely 
70% of the EEZ was in an MHW (Figure4C). The MHWoccupied 
most of the EEZ through October but rapidly departed in late 

October, and was almost absent within the EEZ by late November 
(Figure 4C). The pattern of MHWs entering the EEZ in late spring 
or early swnmer and then withdrawing in fall was evident in each 
}"ar &om 2019-2021. By contrast, in 2014 the MHW remained in 
the EEZ through the end of the }oear. At the scale of the Eastern 
Pacilie Ocean, the size of the MHW in 2022 increased through the 
}"arand peaked in September (Figure 40). Although it decreased in 
size in lill, it still occupied approximately 4 x 106 km' mostly 
offshore from the EEZ by the end of the year. Similar dynamics, 
"½\ere the size of the MHW increased early in the }"ar, peaked in 
summer and decreased but clid not dissipate in fall alsooccurred in 
2014, 2019 and 2020. In 2021, however, the MHW almost totally 
went away in fall. 

 
 

Upwelling and primary production 

Upwelling also rellected a contrast bm\..,n the two halves of 
2022. In winter, upwelling was above averaw (and SST below 
average) in northern California and southern Oregon while 
conditions were close to average in the rest of the CC£ otf the 
Uruted States (Figures SA, B). In spring upwelling was  above 
and SST well below average between Point Conception (34°N} and 
Cape Mendocino ( 40.4°N). South of Point Conception, however, 
upwelling was about average in spring and north of Cape 
Mendocino it was below average. In sum.mer, conditions changed 
abruptly throughout the CCE. Sea surface temperature was above 
average in most of the U.S portion of the CCE &om June to late 
October and upwelling was either nera or below average. In 
approximately the last month of 2022, upwelling increased and 
temperature decreased north of Point Conception. 

Surface chlorophyll a inspring was mostly anomalously low off 
the west coast of the Uruted States in 2022 (Figure SC). The few 
locations "½\ere chlorophyll a was high near the continental shelf 
break at and north of Cape Mendocino (40.4°N} into southern 
Or n (42.9"N) and in northern part of the Southern Ciliforrua 
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Bight (34°N}. The distribution of chlorophyll a in spring 2022 was 
markedly different than 2021 "½\en chlorophyll a was elevated 
throughout most of the central and northern CCE. 

 
 

Regional temperature, salinity and 
chlorophyll a 

Off Newport, Ore!J)n, temperatures were low and salinity high 
at both 50 and 150 min winter of 2022. Subsequently, conditions 
reversed as temperature and salinity were close to average 
(Figure 6A). Similarly, chlorophyll a fell to below averai, "½\en 
temperature increased and salinity decreased (Figure 6A). We 
obseived similar patterns in northern California. On the Tiil. 
temperature was generally low and salinity high early in the year. 
Later in the year, temperature was above or close to average and 
salinity below or dose to average (Figure 6B). Fluorescence on THL 

also decreased &om beginning to mid-2022 although there was a 
brief spike in September. 

In southern California on CaJCOFl line 90 conditions differed 
depending on depth and distance from shore (Figure 6C). At the 
offshore station (st.ation 90). temperature was average near the 
surface (0-50 m) in spring but abo,., average in summer and fall 
(Figure 6C). At depth (151-200m), temperature was below average 
in 2022. At the shelf break, temperature wasslightly below average 
in spring and then average in summer. Closer to shore. shallow 
temperature was slightly above avera in spring, average in 
summer and slightly below average in fall while deeper 
temperature was average in sprin& above average in sum.mer and 
below average in tall. 

Salinity in southern California was mostly awrage or above 
average on line 90 in 2022 with below nerage salinity only 
occurring in spring off the shelf in the upper 50 m (Figure 6C). 
Chlorophyll a was close to average in the offshore region 
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throughout 2022. Near the shelf break, chlorophyll a was above 
average in spring and summer. Chlorophyll a was above average 
near shore in spring and below average in sum.mer and 
fall (Figure 6C). 

 
 

Regional zooplankton 
 

On the NHL, northern copepod biomass was high in the 
beginning of the year but became slightly negative towards the 
middle of the and then slightly positi"' in thesecond half of theyear 
(Figure 7A). North Pacific krill bodysize wasslightly above-average 
at the beginning of the year, dropped to below-a"'rage in late 
spring, and returned to near-average tor the remainder of the year 
(Figure 7B). North of PointConception, the RREAS (earlysummer) 
documentedslightly abo"' average total krill while in thesouth total 
krill was slightly below a"'raW (Figure 7C). 

 
 
Regional fish and market squid 

Off Washington and Oregon,daytime suiface tra"i.s found that 
abundances of yearling anadrornous Coho salmon Onrorhynchus 
kisutch were abo,,. ,,.,rage "ilile chinook salmon 0. tshawytscha 
were average in 2022 (Figure SA). Abundances of both monitored 
marine species, market squid Doryttuthis OfXllesans and Pacific 
pompano P. simillimus were abo, average. Off Newport, Ore3>n. 
larval abundances of five of six coastal species were below average 
with only Pacificsandlance Ammodytts hexapttrus coming in above 
average (Figure 8B). Abundances of all offshore/southern species 
were below average in 2022 off Newport In California, adult 
dynamics from the RREAS were similar north and south of Point 
Conception (Figure SC). Specifically, market squid abundance was 
above •"'rage while Myctophidae and Pacific sardine Sardinops 

sagax (henceforth sardine) were below average. Adult anchovy 
abundance was above average in the north but fell to awra tor 
the rust timesince 2016 in thesouth. Youngof the year trends were 
more disjointed than adults in the northern versussouthern parts of 
California. Abundance ofYOY rockfishes Stbasttsspp. decreased to 
below average in the south but rose &om 2021 to remain above 
average in the north. Bycontrast, abundance ofYOY anchovy were 
well above average in southern California but below a, ra in 
northem/central California. Young of theyearsardine and sanddab 
Citharichthys spp. abundances were both below average throughout 
California "ilile Pacific hake Merluccius produdus (henceforth 
hake) decreased in 2022 relative to 2021 throughout California 
although this species remained above average in both regions. In 
southern California, CalCOFllatvaldata displayed varied trends!or 
the two main benthic species as the abundance of sanddabs 
increased to the highest level since 2014 while rock.fishes 
remained below average (Figure 80). For the mesopelagics, 
abundances of both northern and southern t.axa increased in 2022 
and southern taxa were at close to record high abundances. Among 
pelagics, the larval anchovy abundance reached the highest level on 
record, and Jack mackerel Trac.hurus symmetrirus was in the top 10 
highest in 2022. Market squid was also above averaw in 2022. 
Hake and Pacific mackerel Sa>mbtr japcnicus were below awra , 
but sardine larval abundance increased to the highest level since 
2014, although this was still orders of nugnitude lower than peak 
abundances from the late 1990s to approximately 2009. 

Thespatial distribution ofanchovy latvae was highly unusual in 
2022 when very high abundances were found seaward of the 
continental shelf (Figure SE). The most extreme example of high 
offshore abundance was station 93.3 80 where 7000 more latvae 
were found in 2022 (7056) than on average (56). In addition to this 
station several nearby offshore stations had upwards of 5000 more 
latvae than""raw. Bycontrast, most of the outershelf stations had 
average anchovy abundances and a handful of stations had below 
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average abundances. For example, 265 fewer la.rvae were found in 
2022 (110) than average (375) at station 90 45, just west of San 
Oemente Island (Figure SE). Ooser to shore larval anchovy 
abundance was generally higher than nonnal but not to the same 
extent as the off-shelfstations. 

 
 

Regional seabird and sea lion reproduction 
 

Seabird reproductive success was variable by species and 
location in 2022 (Figure 9A). At Yaquina Head, common murre 

experienced total reproductive failure tor the fourth season since 
records began in 2007. C,om.mon murre reproduction was above 
average at Point Reyes,slightly below average at Southeast Farallon 
Island and almost exactly average at Devil's Slide. Brandt's 
cormorant experienced average reproduction at Yaquina Head 
and above average at the other three loc.alities. Pelagic cormorants 
also had complete reproductive tiilure at Yaquina Head but were 
abow average in Southeast Farallon Island and Devil'sSlide. This 
species was not monitored at Pt. R")"S Headlands. In 2015, sea lion 
pup weight was the lowest on reconi. Pup weight rebounded to 
abow average in 2016 and has remained abo, average through 
2022 (Figure 9B). 

 
 

Regional at-sea birds and mammals 
 

All four indicator bird species were sighted at above average 
rates in 2022. In centralCalifornia in latespring both the migratory 
sootyshearwater and resident common murre were at record highs 
dating back to 1995 (Figure JOA). In southern California in 
summer, cold-water sooty shea..rwater had the sixth highest 
sightings and warm water black vented shearwater the second 
highestsightings since 1995 (Figure JOB). 

AMual humpback whale encounter rates were considerably 
higher in 2022 than any previous year (Figure IOC). Most of the 
2022 sightings occurred during the fall surwy, and fall 2022 
encounter rates were higher than any previous survey dating back 
to 2004 ( pplementary Figure). Encounter rates of blue "½>ales 
have ftuctuated above and below average in recent ars and were 
average in 2022 (Figure IOC). 

 
 
Discussion 

Pacific climate indices 

Environmental conditions differed marl<edly in the first and 
second halves of 2022in the CCE relati"' to basin-scale indices. The 
determination of El Nillo/La Nilla state is based upon SST at the 
equator, and during I.a Nilla events, the CCE is generally cool with 
high upwelling and coastal productivity (Bond et al., 2008). In 
winter the CCE seemingly rellected a weak La Nilla as SST was 
largely dose to average and northerly winds fueled moderately high 
upwellingin the northern CCE.Spring more resembled a typical La 
Nifta with cool temperatures throughout most of the CCE, 
northerly winds and high upwelling. In summer, however, 
conditions in the CCE abruptly ceased being similar to an average 
I.a Ni/la. In summer, SST in the CCE was approximately 1°C above 
nonnal and by fall the CCE-wide ssr anomaly rose to about plus 
2°C. C,oncom.itantly upwelling fell to average or below average in 
summer and fall. In all, summer and fall 2022 depicted like!y the 
most anomalous La Ni.tia conditions in the CCE on record 

Historically, the PDO correlated positi"'1ywithSSTin the CCE 
(Lit2ow et al., 2020a). When the PDO was in a negative or "cold" 
phase the CCE tended to be cold and productive due to high 
upwelling, and the PDO negatively correlated with salmon 

fl 
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production (Manlllaetal., 1997}. Mean"ilile,a positive NPGO was 
associated with high nutrients, salinity and chlorophyll in the CCE 
(Di l.orenzo eta!.2008). Our finding thatit was anomalously warm 
in the CCE o"'r thepast threeyean and in the second half of2022 
in particular, highlight that the relationship with the POO/NPGO 
and local conditions off the west coast of the U.S. and Baja 
California are rapidly changing Litzow et al. (2020a) found that 
the relationship between the NPGO/POO local climate began to 
become nonst.ationaryst.a..rting in about 1989/1990 when there was 
an abrupt clinute shift characterized by abrupt lowering variability 
in the Aleutian Low and northeast Pacific wanning (Hare and 
Mantua, 2000; Yeh et al. 2011). They showed that relationships 
with these indices have been weakening 6-om the Bering Sea to the 
southern California Cuirent In addition, while the POO coirelated 
strongly and positively with salmon production in the Gulf of 

Alaska 6-om 1950-1988, there was no relationship 6-om 1989- 
2012 (lilZOw et al., 2018) and that the relationship even became 
significantly negative 6-om 2014-2019 (Litzow et al., 2020b). 

While the relationships between the POO and local conditions 
has been changing since the late 1980's (litzow et al., 2020a), 
nonstationarity was punctuated with the onset of the 2013 North 
Pacilic Marine Hean--a"' (Werb and Rudnick, 2023). In Werb and 
Rudnick (2023), unlike Mantua et al. (1997), the POO was 
calculated without removing long-teirn trends in ssr, resulting in 
exclusively positive POO values from 2014-2021. This revised 
wrsion of the PDO lines up better with our observations of ocean 
conditions as record high temperatures wererecorded atthesc.aleof 
the North Pacific and the CCE """ almost exclusively anomalously 
"-aim since 2014. To ther, these results emphasize that naively 
usingthe POO as an explanau:uy variable for biological dynamics in 
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1he CCE is now problematic (Lit1.0wetal, 2018; lilZOwetal., 2020a; 
Lit1.0w et al., 2020b; Ohlberger et al., 2022; Werb and 
Rudnick, 2023). 

Oliver et al, 2018). In 1he North Pacific, MHWs have essentially 
become the new norm.al resulting in unprecedented temperature 
highs in the North Pacific and the CCE. Marine heatwaves have 
been tracked in this region since 1982, and nine of the largest twelve 
occ,ured &om 2013-2022. Given the propensity ofMHWs, the new 

Marine heatwave update  question is not "½\ether or not there is a MHW but how dose to 
shore does the MHW mo"'? In 2021, the MHW mostly stayed 

It has been predicted that the frequency, intensity and duration  offshore (Thompson et al.,2022b). The 2022 MHW was similar in 
ofMHWwill increase under a wanning globe (Frolicheret al.,2018; size and duration to the 2019 MHW, although that year there were 
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fewer intrusions closer to shore as upwelling winds were more 
constant relative to 2022. In addition, the 2019 MHW also began to 
dissipate and retreat much further offshore during the latesummer/ 
tall, whereas this year, the intrusion into coastal waters continued 
through the entire fall. Gi"'n the unprecedented nature of the 
physical conditions in the CCE since 2013 it is particularly 
important to continue closely monitoring the system as biological 
responses are often unpredictable based on past warming events 
(Schroeder et al., 2019; Schroeder et al., 2022; Thompson 
et al., 2022a). 

During La NitJa events upwelling tends to be prevalent 
coastwide, and coastal wateis are cold and saline (Bond et al., 
2008). In the first part of 2022, this expectation was largely met in 
the northern CCE as water was slightly abnonnally cold and saline 
and chlorophyll a was dose to average in NHL and TiiL By 
summer, however, despire the PDO and ONI being strongly 
n"l?tive, temperature, salinity and chlorophyll a mostly reverted 
to average. Moderate environmental conditions seem to be 
pervasive in the northern CCE during negative PDO yeais in 
recent }"ars. The PDO has been predominantly negative since 
2019, but environmental conditions have mostly hovered around 
the long.term means with the exception of early 2021 when it was 
relatively cool and saline (Thompson et al. 2019b; Weber et al., 
2021; Thompson et al., 2022b). 

CaJCOFI samples far off the continental shelf and thus can 
discern the presence of multiple water masses. There are multiple 
bodies of water in this region and their boundaries are highly 
variable through both time andspace(Bogradet al., 2019). Central 
Pacific water is the furthest fromshore offsouthern California and 
is relatively warm, saline wrth low chlorophyll a, PacificSuban:tic 
or California Current water is cool, low salinity and high 
chlorophyll a and tends to be centered on the shelf break. 
Upwelled water is cool, saline and high in chlorophyll a, close to 
shore and shallow, while California Undercurrent water is wann, 
saline and low chlorophyll a and is also close to shore but deeper 
(100-300 m) than upwelled water. In the offshore region off 

southern California, temperature and salinity were above 
average most of the year indicating the presence of C,entral 
Pacific water. This saline water mass has been ubiquitous in the 
CCE since 2015 when water from the North Pacific Subtropical 
Gyre was advected eastward into the CCE (Ren and Rudnick, 
2021). However, chlorophyll a was also high in spring and 

summer on the shelf which may indicate that there was a 
mixture of Central Pacific and Pacific Subarctic wateis in this 
region. PacificSubarctic water has also been common in the CCE 
during the 2014-2016 MHW and has apparently fueled high 

rock6sh recruitment before and during the MHW (Schroeder 
et al., 2019). Ooser toshore. temperature and salinity were close 

to average, but chlorophyll a was elevated in spring before 
dropping to slightly below average in summer and fall. The 
enhanced chlorophyll a was likely a remnant of upwelling prior 
tospringsampling before physical conditions returned toaverage. 

 
 

Regional zooplankton 

Zooplankton are critical food for a myriad of marine species 
including fish, birds, and marine mammals. During past La Nilla 
events in the CCE, high nutrient input &om upwelling ofren 
resulted in higher abundances of lipid-rich northern zooplankton. 
This suire of zooplankton are important prey for species such as 
arlingsalmon and increases theodds ofadultsalmon retumingto 
spawn in their natal rivers one to three years in the future 
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(Friedman eta!., 2018). Yearlingsalmon tend to enter the ocean in 
latesprinwearly summer (Thompson et al. 2019a), so zooplankton 
community composition is particularly important during this time 
of year. In 2022, biomass of northern copepods was high "½\en 
yearlingsalmon were entering the ocean "½\kh may have enhanced 
salmon survival (Daly et al., 2013). By midyear, howe"'r, northern 
copepod biomass dropped dramatically. Similarly, North Pacific 
krill body size and IDtal krill biomass, "½\ich were both typically 
high in I.a Ni/la years, dropped precipilDusly in northern California 
from the beginning of the year to rnid-2022. Zooplankton dynamics 
in the CCE are influenced byprimary production and h}drographic 
conditions (Peterson et al., 2017). The decrease in northern 
copepod biomass and krill body size and biomass was likely 
dri"'n by reduced upwelling, near- to below-average chlorophyll 
a concentration, and warmer water in sum.mer (PeteC$0n et al., 
2014; Peterson et al., 2017; Roberison and Bjorksted 2020). 

 
 
Fish and market squid 

 
During warm, non-La Ni/la periods, southern fishes tend to 

move north and ofshore species tend to move inshore throughout 
the CCE. In the Pacific northwest Pacific pompano and market 
squid are bellwether indic.at:ors of warm water. Pacific pompano 
were absent &omsurface trawlsurveys offOregon and \Vashington 
in 12 out of 16 years prior to the onset of the 2014-2016 Pacific 
MHW (Thompson et al., 2018).Subsequentto 2013 thisspecies has 
been present in each yearalthough abundances were low in 2021. In 
2022, however, abundance was abo, average tor the sixth time 
since 2015. Similarly, market squid were above average off Oregon 
and Washington in 2022 lor thesixth yearsince 2015. Market squid 
distribution shifted6u-north duringand after the 2014-2016 marine 

heatwave (Burford et al., 2022; Chasco eta!.,2022;Suca et al., 2022) 
which significantly reduced commercial fishing revenue in 

California (Suca et al., 2022; Free et al., 2023). Market squid 
distributions differed in 2022 from recent years, however, as 
abundances were above average in Ore§>n/Washington as well as 
in northern andsouthern Califom.ia. It is thus possible that market 
squid distributions expanded or beganshittingsouth in 2022 as this 
species was found throughout of the west coast of the UnitedStates. 

Off Oregon, fishes are categorized as coastal resident veisus 
southern ofshore, and coastal residents tend to be elevated during 

La Nil\a e"'nts (Daly et al.,2013).1..aJvaeand juveniles of the coastal 
residents are important forage for both salmon and birds and tend 
to increase during cool conditions (Daly et al., 2013; Daly et al., 

2021) "½\ile abundances of the southern offshorespecies rises "½\en 
it is wann (Auth et al. 2018; Nielsen et al. 2021). The larval fish 
assemblage from the NHL in 2022 was unusual as abundances of 

both the coastal resident and southern offshore species were either 
average or low. Di.seeming the mechanisms underpinning low fish 
production of Oregon in 2022 could be an important topic for 

future research. 
It was previously thought that anchovy population size 

increased during cool periods when La Nilla events were frequent 
(Chavez et al. 2003), but in recent years anchovy increased greatly 
in warm years (e.g., 2004-2005, 2014-2016; (Thompson et al., 

2019b)). The expectations !or anchovy during I.a Nil\a events is 
thus currently unclear, and our undeistanding of drivers of the 
populations size of this important foragespecies (McOatchie et al. 
2016a) is erolving (Swa!ethorp et al.,2023). Anchovy have been in a 
boom state in the CCEsince 2015(Thompson et al., 2019b), and in 
2022 adult anchovy abundance remained high in central California 
but fell to avera levels in southern Califom.ia. However, patterns 
of }Oung of the year anchovy were opposite as values were well 
abo"' averai, insouthern California but slightly below average in 
central California. The spatial discrepancy between }'lung of the 
year and adult abundance may indicate that many adults are 
spawning in locations that are possibly suboptimal for wval 
survival. A similar dynamic seemed to take place in the 
Humboldt Current where Peruvian anchO\ t.a eggs were found in 
locations where adult food was high but the water was also acidic 
while larvae were in nearby, less corrosive water (Shen et al., 2017). 
Record high densities of spawning anchovy, as those experienced 
since 2015, could be displacingspawneis intolower quality nuise,y 
habitat. Alternatively, it is possible that adult populations in 
southern California were higher in southern California than 
detected by the RREAS "½\kh nwnly samples stations along the 
shelf break. Ca!COA found that anchovy egg and wvae counts 
were orders of magnitude higherthan average in locations nearand 
seawanl of the continental shelf break. Regardless of the precise 
adult abundance insouthern California, it is dear that the anchovy 
regime that began in 2016 (Thompson et al., 2018) continued into 
2022, and the high young of the year anchovy abundance in 2022 
suggests that it will persist at least into 2023. 

Southern mesopelagic species typically receded from southern 
California during I.a Ni/la "'""ts (Thompson et al., 2012), but 
abundances were close to a record high there in 2022. This suite of 
species resides primarily in the wann andsaline Central Pacific and 
California Undercurrent, that flows from south to north, and very 
predictably are abundant when the system is warm (Moser et al. 
1987; Hsieh et al., 2009; Thompson et al., 2022a). Although 
mesopelagics are in deep water during the day, they vertically 
migrate towanls the surface at night and are thus important 
components of the pelagic food chain. Indeed, a recent analysis of 
predator diets in the CCE revealed that of 143 predator taxa 25% 
consumed mesopelagic fishes (Iglesias et al., 2023). This suite of 
predatois included economically valuable blue6n tuna (16% of all 
non-empty diet samples), albacore (19%), swordfish (50%), and 
Humboldt squid (52%). Between the high abundance of 
mesopelagic fishes and anchovy, at least the southern portion of 
the CCE was highly productive from the perspective of a piscivore 
in 2022. 

 
 
Bird and sea lion reproduction 

 
The capacity ofseabirds ID!Jedi, theiryoungis afrectedgreatly by 

prey available to the parents, and productive I.a Ni/la conditions 
tended ID be conducive for successful reproduction (Sydeman et al. 
2001). Seabird reproduction in 2022, howe,,.r, was ve,y dilferent 
between Oregon and central California as two species (common 
murre and pelagic connorant) aperienced total reproductive failure 
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TABLE1 Summary of physical and biological indicators of the status of the California Current Eoosystern in the firstandseoond halwes of 2022. 
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Scale Type Variable Location January to June July to October 
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TABLE1 Continued 
 

Scale Type 
 

Variable 
Sample 

Location January to June July to October 

  sht.-e bird repruduet.iU\ Devil's Slide mu.rre neutral: Bnndt's()()rm,o, t pc)tili¥t 

sealiom S..M uell!bod pupcatdilion po,sitive 

at tta bird RRBAS migratory 900ty s.htarv4terand n?:tident()()mm,on mu.rre po,:tili¥t 

at tta bird CaJCOFI ()()()) 9001y shtarwat.erand wann black vented sh.ea.water po,sitlve 

at ua m.arine m.ammals RRBAS blue whale neut.QI; humpbadc: whale po,sitlw 

 
at Yaquina Head, Oregon. In addition to prey availability, eagle 
depredation of common murre is a potential top-down forcer of 
common murre reproductive failure at Yaquina Head (Thompson 
et al., 2022b) and around the world (Hentati..Sundberg et al., 2<lZI). 
However, eagle interactions with common murre were unexceptional 
in 2022 (Supplemenmry Appendix),and eagles cypically do not afrect 
pelagic cormorants. It is thus likely that seabinl productivity at 
Yaquina Head was derailed by a lack of suitable food Murre chick 
diets at Yaquina Head ha"' high intraannual variability and are 
i,nerally dominated bysmelt (Osmeridae spp.), herring or sardines 
(Oupeidaespp.),or Pacificsand lance (Thompson et al.,2022b). Diet 
composition of common murre is cypically collected, but because of 
the reproducti\ failure of common murres in 2022 there was no 
associated dietary in.formation from Yaquina Head. Indeed, 
ichthyoplankton S"""fS from the NHI. which is 5 km south of 
Yaquina Head, suggested that fish production was low in 2022 For 
example. abundances of smelt were below averag?, Oupeids were 
absent, and Pacific sand lance were approxinutely •"'rage. This 
differed from 2021 when bothsmelt and Pacificsand lance were well 
above a\O!rage, and reproduction was much higher for all three 
species (Thompson et al., 2022b). 

In central California, Brandt's cormorant and pelagic 
cormorant reproduction were above a, rage in all three sampling 
locations. Cormorants can feed their chicks regu,gitated prey so 
there is not a maxim.al anchovy bodysize that is inaccessible to the 
chicks and thus both young of the year or adult anchovy can be 
valuable prey (Thompson et al., 2018). Common murre 
reproductive success was close to or slightly abo, awra in 
central California. Unlike cormorants, they feed their chicks 
whole animals and thus adult anchovy are not suitable for 
nourishing ch.icks. However, common murre reproductive success 
has been found to be positively correlated with krill and young of 
the year sanddab (Saniom et al., 2014), and in 2022 krill biomass 
was abow average andyoung of theyearsanddab average in central 
California Common murre therefore likely also had a fairly robust 
prey field in 2022. 

In the 2021 State of the California Current Ecosystem Report 
(Thompson et al. 2<lZ2b), we predicted that sea lion pup condition 
would be abow avera in 2022 because anchovy recruitment was 
high in southern California in 2021 and thus adult anchovy prey 
wouldlikely be available to sea lions in 2022.This prediction turned 
outto be correct assea lion pup weight was above avera once again 
in 2022. Indeed, sea lion pup weight was abo"' averai, in each year 
from 2016-2022, tying the previous streak of above averai, weights 

from 20<lZ-200& Sea lion pup condition is proving to be one of the 
most predictable indicaio,s of ecosystem condition in the CCE. 
McOatchie et al. (2016a) found that the combined abundance of 
anchovy and sardine, as well as pup sex, explained 81% of the 
variability in pup weight between 2004 and 2014. In 2014 
abundances of both anchovy and sardine were extremely low and 
sea lion pups were st:a..rving because their mothers likely were 
malnourished and unable IO properly lactate (Laake et al., 2018). 
Pup condition impro dmnutically in 2016 coincident with the 
anchovy boom and has renwned above ""rage as the high anchovy 
abundance continued through 2022. Updating the analyses in 
McOatchie et al. (2016a) IO the present would provide deeper 
undemanding of d,h,.rs of sea lion condition in the CCE. 

 
 

At sea birds and mammals 

During previous cool-water La Ni.l\a even at sea residents 
such as common murre tended to be high while warm-water 
migrants such as sooty shearwater were low (Thompson et al., 
2019b). At sea observations of migralOty sooty shearwater and 
common murre were at an all-time highs in 2022 in central 
California in spring. Sooty shearwater observations in this area 
are thought to be driven by prey (Santora eta!.,2011; Santora et al., 
2017),andse,,.ral potential preyspeciessuch as marl<etsquid. adult 
anchovy, young of the year hake and young of the }"ar rockfishes 
were abow awra in 2022. C,ommon murre are resident breeders 
thatcan tra\O!Iup to approximately JO kmto search for food(Ainley 
and Boekelheide, 1990), but non-breeding birds are capable of 
traveling much greater distances (Loredo et al., 2019). The 
coupled high at-sea observations and awra to above average 
reproductive success suggests that common murre were forced to 
forai, far from the colony (Harding et al. 2007) but that they 
i,nerally found enough food to nourish their chicks. Altemati"'IY, 
non-breeding or pre-breeding birds could have moved into the 
sampling area from elsewhere. In summer in southern California. 
wa.nn-water associated black-ventedshearwater, which historic.ally 
were low during La Ni.tia e\ nts, were above average for the eight 
consecutive year since the 2014 MHW, suggesting that the system 
has been in a sustained warm st.ate for almost a decade. However, 
cool watersooty shea.rwater were also above average perhaps as a 
result of the relati"'1y cool and producti"' spring conditions. 

AMual humpback whale encounter rates were higher in 2022 
than any previous year. Humpback whales are opportunistic 
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foragers (Baker et al., 1985). Stocks wintering in Central America 
and Mexico migrate seasonally to southern California. where their 
diets may reftect local oceanographic and climAte conditions 
(Calambokidis et al., 2000; Fleming et al., 2016). For instance, 
du.ring cool, productive, strong upwelling periods that are 
characteristic of La Ni.tia events in southern California. we would 
expect to see hwnpback whale diets dominated by krill, whereas, 
during wamt, oli trophic periods, humpback whale diets may be 
dominated by pelagic schooling fish (Fleming et al. 2016). Record 
high abundances of anchovy larvae were measured offshore of the 
continental shelf in 2022, adjacent to ofshore spring hwnpback 
"½>ale sightings (Supplementary Appendix). Additionally, an 
anomalously high nwnber of anchovy larvae were measured in 
the Santa BaJbara Channel, in close proximity to the record high 
number of hwnpback whale sighting, during the la!! Ca!COFI 
survey (Supplementary Appendix). The high number of 
humpback "½>ale sighting, this }"ar indicates that they may be 
aggregating in the region to exploir high density anchovy schools 
during this period of wanner, oligotrophic conditions in the 
CalCOA region. 

Encounter rates of blue whales have fluctuated above and below 
average in recent years. Blue whales are seasonal migrants to 
southern California during summer months (Irvine et al. 2014). 
While inhabiting the CalCOA region they forage exclusively on 
krill, preferring Thysanoessa spinifera to North Pacific krill (Nickels 
et al. 2019). Due to their specialized foraging preferences, blue 
whale encounter rates may be an indicator of local productivity 
(Wachtendonket al. 2022). In thesummer of 2021, encounter rates 
of blue whales were the highest throughout the timeseries 
(Supplemenlluy Appendix). Encounter rates of blue whales were 
lower in swnmer2022 than they were insummer 2021. Conditions 
in 2021 were dominated by a strong La Nilla, driving increased 
productivity in the California Current Ecosystem and favorable 
conditions for blue whales (Thompson et al., 2022b). Whereas, 
conditions in summer 2022 were less productive from the 
perspective of a blue whale, potentially driving the lower 
encounter rates of blue whales throughout the Ca!COFI region. 

 
 

Conclusion 

The relationship between basin scale indicessuch as ONI, PDO 
and NPGO and local physical conditions has become oonstationa,y 
in the CCE (lilZOw et al. 2020a). Fiedler and Mantua (2017) 
showed that local conditions were variable during El Nillo events 
ben>,..n 1950 and 2016 but were more consistent during La Nilla 
erents. However, 2022 marked the third consecutive La Ni.l\a and 
duringmuch of thisstretch physical and biological conditions in the 
CCE were unlike past La Nilla years (Weber et al., 2021;Thompson 
et al., 2022b), and many of the physical and biological responses 
based on observations from past La Ni.tia events were not met in 
2022. For example, northern copepods biomass was awrai, of 
Oregon as was krill body sizeof oorthem California in summer. Of 
Oregon and \Vashington, warm-water associated species were 

above average. off Oregon cool-water coast.al species were low, 
and off southern California southern mesopelagic fishes were 
high. While many reproductive success of many birds was above 
average in central California common murre experienced total 
reproductive lailure olf Oregon. Our accounting of the state of 
the California Cuirent Ecosystem in 2022 agree with Werb and 
Rudnick (2023) who state that "the PDO and other EOF based 
metrics may not be as useful in the future as climate continues to 
change• (Table I). 
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