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Figure 50. On-effort odontocete sightings during CalCOFI cruises 2012-16. CalCOFI stations are represented by black dots and the ship’s trackline is represented
as a solid black line between stations.
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TABLE 1

List of CCS environmental indices, their current status, trend, implication, and figure reference
(e.g., S1 = Supplement Figure S1; http://calcofi.org/ccpublications/state-of-the-california-current-live-supplement.html

Index Current State Trend Implication Figure
PDO Positive Increasing ‘Warm, low productivity S1
NPGO Negative Increasing Low to moderate productivity S1
ENSO (ONI) Positive Increasing El Nifio S1
Upwelling Anomaly Positive, but delayed NA Moderately productive between 36°—42°N S2
Cumulative Upwelling Low north of 39°N NA Late spring transition north of 39°N S4
SST Anomaly Positive Increasing ‘Warm surface waters S3,S5
‘Wind Anomaly Anticyclonic Increasing anticyclonic Upwelling favorable S3
Isopycnal Depth, Cal COFI Deeper than average Deepening Increased upper water column temperatures S6
Oxygen, CalCOFI Negative anomaly Decreasing Change in deep source waters S6
Nitrate, CalCOFI Slight positive anomaly Neutral Change in stratification S6
Temperature-Salinity, CalCOFI ‘Warm and fresh in surface NA Change in surface transport S7
Chlorophyll a Profiles, Cal COFI Negative anomaly Decreasing Decreased productivity S8
Temperature Anomaly, Positive at 10 m Increasing ‘Warm surface layer S9
CalCOHI line 80
Small Pelagic Fish Egg Low for all three species Decreasing on Associated with reduced spawning S10

Abundance, CalCOFI

decadal scales

stock biomass

southern California, suggesting a strengthening of the
California Current. We note that this contrasted with
higher than normal salinity off Baja California in 2015.
Nitracline depths, compared to the previous 15 years,
have been unusually deep over the last two years and
stratification in the upper 100 m was unusually strong.
Despite these notable perturbations, the effects of the
2015-16 El Nino on hydrographic properties in the Cal-
COFI domain were not as strong as those observed dur-
ing the 1997-98 El Nino. These results are summarized
as a list of environmental indices in Table 1.

Warm ocean conditions and associated stratification
combined with nutrient suppression and silicic acid
stress likely favored initiation of the Pseudo-nitzschia toxic
bloom in fall 2014. The winter/spring phytoplankton
bloom of February and early March 2015, with higher
nutrient concentrations following the spring transition
to upwelling, favored explosive growth of the diatom.
Local-scale forcing from coastal upwelling driving richer
nutrient conditions and cross-shelf transport provided
the ultimate explanation for the development of the
Pseudo-nitzschia bloom and toxic effects.

The distribution of near-surface temperature and
salinity during the 2015-16 El Nino suggests that warm,
more saline waters, typically found south of Punta Euge-
nia, extended to the north during the 201516 El Nino.
Anomalously warm and saline surface waters off Baja
California were associated with very low zooplankton
displacement volumes in 2015-16. In contrast, during
the 1997-98 El Nifio, zooplankton volume was close
to the average with abundant copepods, euphausi-
ids, and salps at some stations. Tropical species such as
red crab, and the mesopelagic fishes Vinciguerria lucetia
and Triphoturus mexicanus increased in abundance and
extended their range northwards in 2015-16, a phenom-
enon also seen during the 1997-98 EI Nifio.
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Oft California, pelagic red crab (Pleuroncodes pla-
nipes) adults were abundant in the water column and
frequently washed up on beaches of southern Califor-
nia in winter and spring 2015-16. They were reported
off central California by September—October 2015. In
spring 2015, the presence of only adults and the young-
est zoea stages, together with their coastal distribution,
is suggestive of advective transport from Baja Califor-
nia waters. Glider measurements of integrated transport
up to June 2015 did not detect anomalous northward
advection. As expected, HF radar indicated northward
surface currents along the central California coast in fall
and winter 2015-16.

Throughout 2015 and 2016, the zooplankton com-
munity on the Oregon shelf was dominated by lipid-
poor tropical and subtropical copepods and gelatinous
zooplankton. This generally indicates poor feeding
conditions for small fishes, which in turn are prey for
juvenile salmon. The biomass of southern copepods
fluctuated greatly but was generally higher than aver-
age throughout 2015 and 2016. The presence of rarely
encountered species greatly increased copepod species
richness which exceeded the number of species observed
during the strong El Nifio in 1998.The conditions oft
Newport, Oregon, appear to have been influenced by
intrusion of offshore waters. It is likely that the unusual
copepods vagrants of 201516 originated from an off-
shore and southwesterly source, which is an important
difference from the southerly origin of vagrants during
the 1997-98 El Nifo.

Coastal waters cooled off Trinidad Head in northern
California, due to winter upwelling events, reinforced
by more sustained upwelling in spring and summer.
A bloom of toxic Pseudo-nitzschia developed, produc-
ing high levels of domoic acid. Similar to the Oregon
shelf, the copepod assemblage was dominated by a more
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diverse, warm water assemblage in 2015.The large cool
water associated jellyfish (Chrysaora fuscescens) showed
reduced abundance off Oregon in 2015, similar to pre-
vious warm years (2003, 2005, 2010, 2014).

The very warm conditions were not associated with
a large spawning of sardine, but were associated with a
northern shift of the sardine spawning area from central
California to Oregon. Anchovy larvae were very abun-
dant off Newport, Oregon, in 2014, but not during 2015
or 2016.The ichthyoplankton assemblages oft southern
California and Oregon were similar to those seen in
other anomalously warm or El Nino years. The meso-
pelagic fish assemblage off southern California exhibited
higher abundances of species with southern affinities,
and lower abundances of species with northern affini-
ties. The increase in abundance and northward shift of
southern species off southern California was similar to
what was observed for mesopelagic fish species and red
crabs off the Baja Peninsula.

In contrast to the ichthyoplankton, fish, and nekton
assemblages in 2015 and 2016 off northern Califor-
nia were different from assemblages present during the
1997-99 El Nino/La Nina and the 2005 warm event.
Forage fish such as Pacific herring, northern anchovy,
and Pacific sardine were much less abundant in 2015—
16 compared to previous years. In contrast, catches of
salmon were close to average off northern California.
Catches of young-of-the-year rockfishes were high oft’
central California, but low off both northern and south-
ern California. High numbers of warm-water species like
red crabs and lizardfish were captured in 2016, but many
rare species encountered in summer 2015 were absent
in 2016. Similarly to northern California, numbers of
adult sardine and anchovy were very low in summer
2016. Multivariate analyses suggest that there may have
been a shift in the composition of the forage base since
2013, and this has important implications for predators
feeding exclusively on one or another component of
the forage base.

Seabirds at Southeast Farallon Island in 2015 exhib-
ited reduced breeding populations, reduced breeding
success, lower chick growth rates, and lower fledging
weights. Chick diets shifted from a high proportion of
rockfish to more anchovies compared with the previ-
ous two years. Unusual bird species were observed in the
region during the anomalously warm conditions. Com-
mon murre reproductive success was lower than aver-
age in northern California, similar to observations from
central California during 2015, and a complete repro-
ductive failure occurred oft central Oregon. Reduced
prey availability was likely the cause as chick mortality
resulted primarily from starvation, with the added pres-
sure of increasing bald eagle predation in central Oregon.
Unlike murres and pelagic cormorants, Brandt’s cor-
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morants were more successful in 2015 than previously
observed indicating that seabird response to conditions
in the CCS is species specific.

After an increase in sea lion pup births at San Miguel
Island in 2014, births declined in 2015 and were 16%
lower than the long-term average between 1997 and
2015. Pup condition and pup growth for the 2015
cohort was the lowest observed over the time series. The
composition of the prey community available to nursing
temales during 2012, 2014, and 2015 was quite different
from previous years when pups were in better condi-
tion. The combination of the residual effects of the warm
pool of water off the West Coast and the El Nifio con-
ditions during the fall and spring of 2014—15 continued
to influence the availability of prey to nursing females.
Consequently, nursing females were not able to provide
enough energy for their pups to grow, pups weaned too
early or weaned in poor condition, and large numbers
of pups stranded along the California coast.

Both baleen and odontocete whales occurred in lower
numbers coincident with anomalous warming oft south-
ern California prior to the peak of the 2015-16 El Nino.
Baleen whales and short-beaked common dolphins nor-
mally occur offshore (e.g., over the continental slope),
but in fall 2015 baleen whales (except minke and gray
whales) and short-beaked common dolphins extended
their distribution inshore.

‘We note some curious inconsistencies in the recent
observations of the California Current System dur-
ing the anomalous warm conditions. These issues will
require more in-depth analyses to resolve than we
can present here. Low near-surface salinity off south-
ern California may suggest strengthening of the Cali-
fornia Current during the warm anomaly, in contrast
to the 1997-98 El Nifo when the California Current
weakened. Strong stratification off southern Califor-
nia reduced nutrient availability in surface waters and
phytoplankton. In contrast, winter preconditioning and
upwelling oft central California fueled a massive toxic
algal bloom. The arrival of weak-swimming red crabs
oft southern California from the south prior to fall and
winter 2015-16 did not appear to be consistent with a
lack anomalous northward flow, suggesting either that
the crabs are better swimmers than we know, or there
were streams of undetected transport from the south.
Ichthyoplankton assemblages did not show much dif-
ference between warm events oft southern California
or Oregon, yet there appears to have been a shift in the
forage base. This suggests differential survival to recruit-
ment in the recent warm conditions. Finally, seabirds at
the Farallones ate more anchovies than rockfishes, yet
anchovies are at historically low levels and young-of-
the-year rockfishes have been more abundant than nor-
mal on the central California coast.
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It is clear from the results presented here that the
warm anomaly on the ecosystem were complicated,
regionally specific, and that we do not fully under-
stand them yet. By highlighting some of the paradoxes
in the data collected to date we hope to stimulate fur-
ther research. Are red crabs in fact good swimmers, or
were localized currents transporting these tropical ani-
mals northward? Did the warm conditions cause dif-
ferential survival among fish species, driving a shift in
the composition of the forage assemblage? And did the
seabirds manage to exploit dense patches of anchovy
that represent a spatially restricted refuge of a reduced
population? If so, why did their chicks starve? Many
questions remain to be answered concerning the eco-
system effects of the marine heat wave and the 2015-16
El Nino.

In closing, we summarize some important differences
between our preliminary observations of current condi-
tions and the 1997-98 El Niflo event. Warming during
the 1997-98 El Nifo rapidly deepened over the 1997—
98 winter, beginning the previous summer, and ending in
the following spring. In contrast, the 2014-16 warming
was shallower, began with the North Pacific heat wave
in 2014, and did not revert to climatological values until
summer of 2016. The recent warm anomaly was both
shallower and lasted longer than the 1997-98 El Nifio
event. Stratification in 2015-16 was primarily driven
by the warming of the upper 100 m. The area affected
by the marine heat wave and the 2015-16 El Nifio was
comparable to the 1997-98 El Nino, but lasted longer.
Despite unusually deep nutriclines and stratification as
strong as the 1997-98 El Nino off southern California,
the effects of recent conditions on regional hydrogra-
phy were not as strong as those observed during the
1997-98 El Nifo.

Somewhat surprisingly, zooplankton displacement
volumes were much lower off Baja California than dur-
ing the 1997-98 El Nifio, although both periods exhib-
ited increased abundances of red crabs, as well as Panama
lightfish (Vinciguerria lucetia) and another warm-water
associated mesopelagic fish, Triphoturus mexicanus. In the
northern California Current System oftf Oregon the
species composition of copepods indicated influence of
offshore waters, which differs from the more southerly
influence detected during the 1997-98 El Nifo. The
number of copepod species observed oft Oregon during
the recent warming was higher than during the 1997-98
El Nino. Fish and nekton assemblages were also differ-
ent in the two periods, perhaps most notably in the very
low abundance of forage fishes off Oregon. Finally, there
were some indications that the California Current may
have strengthened during the 2015-16 warm anomaly,
whereas the current weakened during the 1997-98 El
Nino. Despite these tantalizing preliminary observations,
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more analyses are needed before we can make definitive
statements about the differences and similarities between
the 2015—16 warm anomaly and the 1997-98 El Niilo.
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