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Figure 31. Delta-mean abundances of common mesopelagic taxa that drive the nMDS analysis. Delta mean was used rather than simple averaging because it
is better suited for data with many zero values. Vinciguerria spp., Triphoturus mexicanus, Ceratoscopelus townsendi, and Gonostomatidae have southerly biogeo-
graphic ranges while Stenobrachius leucopsarus and Tarletonbeania crenularis are have northerly ranges. Note that southern taxa have high nMDS1 scores and

the northern taxa low nMDS1 values.
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Figure 32. Estimated species richness based on a bootstrap species accumulation curve. The solid, black horizontal line depicts the long-term median, the dashed
blue lines the 25th and 75th quantiles, and the dashed red the 5th and 95th quantiles.

and anchovy spawned in temperatures ranging from
12°~17°C. Both mackerel and anchovy spawned in a
wider range of temperatures than sardine.

The ichthyoplankton assemblage in 2014-16 (based
on spring samples from lines 80 and 90) was similar to
previous years when there was either an El Nifno or
anomalously warm waters (fig. 30). Under these ocean-
ographic conditions the assemblage tends to have high
abundances of mesopelagic species with southerly or
cosmopolitan biogeographic ranges such as Ceratosco-
pelus townsendi, Gonostomatidae (mostly in the genus
Cyclothone, predominantly C. signata), Triphoturus mexica-
nus, and Vinciguerria spp. (mostly I lucetia) and low abun-
dances of midwater species with northern biogeographic
affinities such as Stenobrachius leucopsarus and Tarletonbea-
nia crenularis (fig. 31).

Species richness was down in 2016 relative to 2014
and 2015 but still between the 25th and 50th percen-
tile of the long-term median (fig. 32). The 2016 drop in
species richness was due in part to the complete lack of
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a few species that are typically common such as Bath-
ylagus pacificus, Citharichthys spp. (mostly C. sordidus and
C. stigmaeus), and Sebastes paucispinis.

Ichthyoplankton composition and relative concen-
trations of dominant taxa off Newport, Oregon, in
June—July 2015 was similar to the previous seven years
(fig. 33)'3. Mean larval concentration for all species com-
bined was the third highest in the nine-year time-series.

3Oregon ichthyoplankton samples were collected from 3—4 stations representing
coastal (<100 m in depth), shelf (100-1000 m), and offshore (>1000 m) regions
along both the Newport Hydrographic (NH; 44.65°N, 124.35°~125.12°W) and
Columbia River (CR; 46.16°N, 124.22°~125.18"W) lines off the coast of Oregon
during June—July in 2007-15 (for complete sampling methods, see Auth [2011]
cited in the main paper). In addition, post-larval (i.e., juvenile and adult) fish
were collected using a modified Cobb midwater trawl (MWT) with a 26 m
headrope and a 9.5 mm codend liner fished for 15 min at a headrope depth of
30 m and ship speed of ~2 kt. MWT collections were made at 4—6 evenly-
spaced, cross-shelf stations representing coastal, shelf, and offshore regions along
nine half-degree latitudinal transects between 42.0° and 46.0°N latitude in the
northern California Current region during June—July in 2011-16 (although no
sampling was conducted in 2012). Sampled volume was assumed to be uniform
for all hauls. All fish collected were counted and identified to the lowest taxo-
nomic level possible onboard, although prerecruit rockfish were frozen and taken
back to the lab for identification using precise meristic and pigmentation metrics.
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Figure 33.

(Upper) Mean concentrations (no. 10-3 m-3) of the dominant larval fish taxa collected during June-July in 2007-15 along the Newport Hydrographic (NH;

44.65'N, 124.35°-125.12°W) and Columbia River (CR; 46.16°N, 124.22°-125.18°'W) lines off the coast of Oregon. (Lower) Mean catches (no. haul-') of the dominant
post-larval fish taxa collected during June-July in 2011-16 along nine half-degree latitudinal transects between 42.0° and 46.0°N latitude in the northern California
Current region. * = no samples were collected in 2012.

Larval rockfish in 2015 were found in the highest con-
centration of the time-series, while flatfish concentra-
tion was second only to that of 2014. Similar to flatfish,
but even more exaggerated, northern anchovy were also
present in unusually high concentrations in 2014, declin-

ing again in 2015 (tig. 33).

The post-larval fish assemblage in 2016 differed from
the assemblage structure found in the same area and
season in 2011-15, primarily due to the dominance of
Pacific hake, (Merluccius productus). Post-larval hake com-
prised 82% of the total mean abundance of all post-lar-

val fish (fig. 33). At the other extreme, the abundances
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Figure 34. NMS ordination of northern California Current pelagic assemblages. The NMS ordination explained 87.0% of the total variability in the first two

dimensions.

of flatfish and smelt in 2016 were the lowest of the
five-year time series. Myctophids were another group
showing strong interannual variability. It is notable that
post-larval myctophids were numerically dominant prior
to the anomalous warming of 2014—16, but that hake
dominated the assemblage during the anomalous warm-
ing. This may be because the dominant myctophid taxa
oft Oregon are cool water-associated species.

Northern California Current Nekton and Fish
The June fish and invertebrate assemblage!# in the
northern California Current during 2016 was unusual
and dominated by species that normally occur in
warmer ocean waters to the south of the study area.
An NMS ordination clearly showed that the 2015
and 2016 assemblages were outliers, distinct not only

from the 1999 La Nifia assemblages, but also from the
assemblage sampled during the 2005 warm event in the
northern California Current (fig. 34).

4Pelagic fish and invertebrate catch data were collected by the NWFSC
NOAA/Bonneville Power Administration surveys using surface trawls on stan-
dard stations along transects between northern Washington and Newport, OR,
in June from 1999 to 2016 (fig. 2b). All tows were made during the day at pre-
determined locations along transects extending off the coast to the shelf break
(Brodeur et al. 2005). We restricted the data set to stations that were sampled
consistently over the sampling time period (>9 y). Large sharks, ocean sunfish
(Mola mola), and adult salmonids were removed from the dataset as a Marine
mammal excluder device that has been used in the trawl since June 2014, has
been shown to exclude these taxa from the catch. Numbers of individuals were
recorded for each species caught in each haul and were standardized by the
horizontal distance sampled by the towed net as CPUE (number/km towed).
A log(x+1) transformation was applied to the species at each station and then
averaged by year for each species. The species data matrix included the 27 most
abundant species captured over the 18 years sampled years (27 species x 18
years). A nonmetric multidimensional scaling (NMS) ordination was used to
describe the similarity of each year’s community in species space.
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Figure 35. Catches of juvenile coho (black bars) and Chinook (white bars) salmon off the coast of Oregon and Washington

in June from 1998-present.

The fish and invertebrate community in 2016 was
more similar to 2015 than to any of the previous years
(fig. 34). Taxa indicative of 2016 included Pacific pom-
pano (Peprilus simillimus), California market squid (Dory-
teuthis opalescens), water jellyfish (Aequorea sp.), egg yolk
jellyfish (Phacellophora camtschatica), age-0 Pacific hake
(Merluccius productus), Pacific chub mackerel (Scomber
Jjaponicus), and jack mackerel (Trachurus symmetricus).
Age-0 rockfishes (Sebastes spp.) were also extremely
abundant in 2016, especially off the Washington coast.
However, it should be noted that age-0 rockfish are not
well quantified by the sampling gear. Forage fish species
typically found in these surveys, such as Pacific herring
(Clupea pallasii), northern anchovy (Engraulis mordax),
and Pacific sardines (Sardinops sagax) were much less
abundant in 2015 and 2016 than in previous years.

Catches of yearling salmon oft Washington and Ore-
gon in June may be a good indicator of early ocean
survival of yearling Chinook (Oncorhynchus tshawytscha)
and coho salmon (O. kisutch). The abundance of year-
ling Chinook salmon during June surveys has a sig-
nificant and positive relationship to spring Chinook
jack counts at the Bonneville Dam the following
spring, as does the abundance of yearling coho salmon
to subsequent coho smolt to adult survival (Morgan
et al. 2016). Catch per unit effort (CPUE, number per
km trawled) of yearling Chinook and coho salmon
during the June 2016 survey was about average com-
pared to the 18 previous June surveys 1998-2015
(fig. 35). Catches of yearling Chinook salmon in June
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2016 were eleventh of the 19 years of sampling, and
catches of yearling coho salmon were ranked 13 out
of the 18 years.

Shifts in Forage and Gelatinous Plankton off
Central and Southern California

Very high catches!® of young-of-the-year (YOY)
rockfish (fig. 36) were collected off central California
(fig. 2b) in summer 2016, as was the case in 2015. In
contrast, catches of YOY rockfish in the north central
region were lower than previous years and catches in the
south region were very low. Catches of YOY anchovy,

5The Fisheries Ecology Division of the SWFSC has conducted a late spring
midwater trawl survey for pelagic juvenile (young-of-the-year, YOY) rockfish
(Sebastes spp.) and other groundfish off central California (approximately 36

to 38°N) since 1983, and has enumerated most other epipelagic micronek-

ton encountered in this survey since 1990 (Ralston et al. 2015; Sakuma et al.

in prep). The survey expanded the spatial coverage to include waters from the
US/Mexico border north to Cape Mendocino in 2004 (fig. 2b). The results here
include time series of anomalies of some of the key species or groups of interest
in this region since 1990 (core area) or 2004 (expanded survey area), and an
update of a principal component analysis (PCA) of the pelagic micronekton
community in the core area developed by Ralston et al. (2015), all of which
have also been reported in earlier SoCC reports. The data for the 2016 survey
are preliminary, corresponding oceanographic information (CTD casts, continu-
ous data on surface conditions and productivity, and acoustic data) and seabird
and marine mammal abundance data are also collected but not reported here.
Catches are shown as standardized anomalies from the mean of the log trans-
formed catch rates.

In addition to the six species shown in Figure 36, an additional 14 species and
groups were included in the analysis of the forage assemblage within the core
(1990-2015) area developed by Ralston et al. (2015), and are subsequently
represented in the PCA of this assemblage (fig. 38). The results of the PCA for
the core area (fig. 38, 1990-2016) were comparable to those originally reported
by Ralston et al. (2015) and Leising et al. (2015), with a greater fraction of

the total variance explained by the first two principal components (due to the
smaller number of time series included).
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Figure 36. Long-term standardized anomalies of several of the most frequently encountered pelagic forage species from rockfish recruitment survey in the core
(central California) region (1990-2014) and the southern, south-central and north-central survey areas (2004-15). Forage groups are YOY rockfish, market squid
(Doryteuthis opalescens), krill (primarily Euphausia pacifica and Thysanoessa spinifera), YOY Pacific sanddab (Citharichthys sordidus), Pacific sardine (Sardinops

sagax) and young-of-the-year Northern anchovy (Engraulis mordax).

which are enumerated separately from age 1+ anchovy,
were the highest ever observed in the Southern Cali-
fornia Bight, while in other regions of the California
Current their numbers in summer 2016 were reduced
compared to 2015 (unpublished data). Thetys vagina and
Pyrosoma spp. were caught in large numbers, but other
salps (i.e., non-Thetys salps) were less abundant compared
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to the past several years (fig. 37). As in summer 2015
(Leising et al. 2015), high numbers of pelagic red crabs
(Pleuroncodes planipes) and California lizardfish were cap-
tured in summer 2016. These species are typically asso-
ciated with warm water.

The abundance of both krill and market squid
declined in summer 2016 in most areas relative to
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Figure 37. Standardized catches of jellyfish (Aurelia and Chrysaora spp.) and pelagic tunicates in the core and expanded survey areas.
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COMPARISONS WITH THE 1997-98 EL NINO
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central California core area in the 1990-2016 period.

2015, with abundance close to or below average levels,
and catches of juvenile Pacific sanddabs also declined
to lower levels relative to previous years (fig. 36).
The abundance of adult Pacific sardine and northern
anchovy remained very low for most regions as well.
Both of these species have rarely been encountered in
most of the times and regions monitored since 2009,
with the exception of adult anchovy in the Southern
California Bight in 2016. This suggests that the bio-
mass may be too low to be meaningfully indexed by
the survey, or that a substantial fraction of the biomass
is primarily located in nearshore or oftshore habitats
not sampled by the survey. Catches of scyphozoan jel-
lyfish (primarily Aurelia spp. and Chrysaora spp.) con-
tinued to be unusually low in 2016 (fig. 37). Many of
the more rare and unusual species that were encoun-
tered in summer 2015 (discussed in Leising et al. 2015
and Sakuma et al., in review) were not observed in the
2016 summer survey.

As in past analyses, there were sharp differences in
principal component (PC) loadings between coastal
pelagic (Pacific sardine, northern anchovy) and meso-
pelagic species (myctophids) relative to most of the YOY
groundfish, krill and cephalopods.The two leading PCs
for the assemblage are shown in a phase plot (fig. 38).
The dramatic (and apparently ongoing) separation of
the 2013 through 2016 period is apparent from these
years being extremely orthogonal to the low productiv-
ity years of 1998, 2005, and 2006. Such shifts in the for-
age base have important implications for seabirds, marine
mammals, salmon, and adult groundfish that forage pri-
marily, or exclusively, on one or another component of
the forage assemblage.

PC 1

Figure 38. Principal component scores plotted in a phase graph for the nine key taxonomic groups of forage species sampled in the
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SUMMARY: CHANGES IN THE
DISTRIBUTION AND ABUNDANCE OF FISH

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 cen-
tral California to Oregon. Anchovy larvae were very
abundant off Newport, Oregon, in 2014, but not subse-
quently. The ichthyoplankton assemblages off 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 oft the Baja Peninsula. Off Oregon, post-larval
fishes exhibited shifting dominance from myctophids
prior to and at the beginning of the anomalous warm-
ing to hake becoming numerically dominant during
the warming.

Fish and nekton assemblages in 2015 and 2016 were
different from assemblages present during the 1997-99
El Nifio/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 off central Cal-
ifornia, but low off both northern and southern Califor-
nia. High numbers of warm water species like red crabs
and lizardfish were captured in 2016, but many rare spe-
cies encountered in summer 2015 were absent in 2016.
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Figure 39. Standardized productivity anomalies (annual productivity minus 1971-2015 mean productivity) for 8 species of seabirds on Southeast Farallon Island.
The species are: BRCO - Brandt’s cormorant, PECO - pelagic cormorant, WEGU - western gull, COMU - common murre, PIGU - pigeon guillemot, RHAU —
rhinoceros auklet, CAAU — Cassin’s auklet, ASSP — ashy storm-petrel.
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Similarly to northern California, numbers of adult sar-
dine and anchovy were very low in summer 2016, and
the survey may not provide reliable estimates at such
low abundances. 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 com-
ponent of the forage base.

SEABIRD BREEDING, PHENOLOGY, AND DIET

Reduced Seabird Breeding Populations and
Breeding Success off Central California

During 2015, seabird breeding populations at South-
east Farallon Island (fig. 2a) decreased relative to 2014 for
all species (data not shown) except tufted puffin (Frater-
cula cirrhata). Tufted puffins continued to increase, estab-
lishing a new high count. The upward trend for puffins
contrasted with other species. The number of breed-
ing western gulls was the lowest observed during 45
years of monitoring. Breeding populations of pigeon
guillemots (Cepphus columba), pelagic cormorants (Phal-
acrocorax peligacus), Brandt’s cormorants (Phalacrocorax pen-
icillatus), and Cassin’s auklets (Ptychoramphus aleuticus) also
exhibited significant declines relative to 2014, although
all except Brandt’s cormorants were above long-term
means. Double-crested cormorants (Phalacrocorax auri-
tus) had their lowest breeding populations since 1974.

Standardized productivity (fig. 39) was lower for most
species in 2015 when compared to 2014, but remained
near or above long-term mean values. Chicks generally
took longer to grow and fledged at lower weights than
in the past few seasons. Common murres (Uria aalge) and
pigeon guillemots were the only species below the long-
term mean breeding success, while western gulls were
the only species to have higher success relative to 2014.
Black oystercatchers (Haematopus bachmani) had the low-
est productivity and population ever observed for this
colony, due primarily to disturbance caused by sea lions.
In both 2014 and 2015, Cassin’s auklets failed to pro-
duce any successful second broods resulting in their low-
est productivity in six years. However, a high success rate
for first broods ultimately resulted in a productive season.

A shift in chick diets from rockfish to anchovies
was observed. Juvenile rockfish (Sebastes spp.), was still
important in chick diets at Southeast Farallon Island col-
onies comprising 51% of the common murre chick diet
and 29% of the rhinoceros auklet (Cerorhinca monocerata)
chick diet, but rockfish were much less prominent in
the diet compared to the previous two years. Anchovies
returned as a major prey item for the first time since
2008 (Warzybok et al. 2015). Northern anchovy com-
prised 33% of common murre chick diet and 62% of
rhinoceros auklet chick diet in 2015.
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The Gulf of the Farallones was characterized by very
warm sea-surface temperatures (SST) throughout most
of the 2015 breeding season. Mean seasonal SST mea-
sured at the 1sland in 2015 was the warmest since 1992
and joins 1992, 1998, and 2014 as the only years in
which the seasonal mean was greater than 13°C (War-
zybok et al. 2015). While April and May were close to
the long-term average temperatures, mean monthly
values for both July and August were the highest ever
recorded at the Farallones. It appears that early breeding
birds, in particular Cassin’s auklets, fared better than later
breeding species, which appear to have been affected by
changed prey availability in late summer.

Warm water brought unusual bird species into the
region. These included the first island records for wedge-
rumped storm-petrel (Oceanodroma tethys) and kelp gull
(Larus dominicanus), as well as record numbers of brown
boobies (Sula leucogaster).

Breeding Success, Nesting Phenology, and Diet
of Common Murres and Brandt’s Cormorants
Nesting in Far Northern California

Castle Rock National Wildlife Refuge (hereafter
Castle Rock) is the most populous single-island seabird
breeding colony in California (Carter et al. 1992). This
island is located off the coast of Crescent City, just south
of Point St. George, in the northern California Current
System (fig. 2b). Here we describe the reproductive per-
formance of common murre and Brandt’s cormorants.
For common murre, we also document prey composi-
tion delivered to chicks between 2007 and 20151.

Common murre are the most abundant surface-nest-
ing seabird at Castle Rock and their reproductive suc-
cess, nesting phenology, and chick diet have been studied
since 2007.The percent of nesting pairs that successfully
fledged young in 2015 was based on 87 nest sites that
were monitored every other day for the entire breed-
ing season. During 2015, fledging was 10% lower than
the long-term average for this colony (63% of nests
fledged young) (fig. 40A). Hatching was also 4% lower
than the long-term average. The cause of depressed
hatching success at Castle Rock in 2015 is not known,
although hatching success at this colony is commonly
influenced by egg dislodgment, egg abandonment, and
inclement weather (e.g., rain) during incubation. In
2015 we infer that inadequate prey reduced the ability
of murres to raise chicks to fledging age at Castle Rock
because (1) chicks were observed dead at their nest site
and (2) alternate sources of chick mortality (e.g., col-
ony disturbance, predation of chicks) were not observed.
Although murres do not respond directly to upwelling,

16To facilitate long-term monitoring of seabirds nesting at this colony, a
remotely-controlled video monitoring system was installed in 2006.
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Figure 40. Reproductive performance, phenology, and chick diet of seabirds nesting at Castle Rock National Wildlife Refuge, Del Norte County, CA, between 2007
and 2015. (A) Percent of common murre nesting pairs that successfully fledged young. The dashed line represents the long-term (2007-15) average in reproductive
success for first-clutches at this colony and the sample size (n) represents the total number of nesting pairs observed per year. (B) First, average, and last dates
for nests initiated by common murre where the sample size (n) represents the total number of nests observed each year where nest initiation dates were accurate
to +3.5 days. (C) Composition of prey delivered to chicks by common murre where the sample size (n) represents the total number of prey identified each year. (D)
Chicks fledged per each Brandt’s cormorant nesting pair. The dashed line represents the long-term (2011-15) average in reproductive success for first-clutches
at this colony and sample size (n) represents the total number of nesting pairs observed per year. For all subplots, data from 2012 is missing due to early failure of
the video monitoring system.
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year that all pairs in our reproductive plots failed to produce chicks.

increased availability of food associated with upwelling
improves the body condition of egg-laying females and
thereby influences the timing of nesting (Perrins 1970;
Reed et al. 2006; Schroeder et al. 2009). In 2015, aver-
age nest initiation date was 5 days later (14 May) than
the long-term average observed at this colony (fig. 40B),
suggesting female body condition was suboptimal for
early breeding.

In 2015, 16 prey types were identified'”. All prey types
had been observed in previous years with the exception
of one octopus observed in 2015. Prey composition in
2015 was generally similar to other years, with smelt
(Osmeridae) being the predominant prey fed to chicks
and rockfish (Sebastes sp.) being the second-most com-
mon prey (fig. 40C). Market squid (Doryteuthis opales-
cens) were 4.2 times more frequent in murre chick diets
than the long-term average and were the third most
common prey type fed to chicks in 2015. Unusually in
2015, murres fed their chicks many subadult (as opposed
to young-of-the-year) rockfish.

Brandt’s cormorants are the second-most abundant
surface-nesting seabird at Castle Rock and their repro-
ductive success has been studied since 2011.The repro-
ductive success of Brandt’s cormorants, measured as the
number of fledglings produced per pair, was determined
by monitoring 26 nests every three days throughout
the entire breeding season. In 2015, in contrast to the
murres, cormorant breeding pairs produced 2.0 chicks
on average which was 47% more than the long-term
average at this colony and 29% greater than the year
with the most successtul reproduction (2013; fig. 40D).
This illustrates an important species-specific difference

17Prey composition was monitored using 2-hour diet surveys conducted 6 days
per week during the murre chick-rearing period (approximately 62 hours
surveyed in 2015).
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Anomalies of median chick hatch date and reproductive success for common murres nesting at Yaquina Head, Oregon, 2007-15. 2015 was the first

between the reduced breeding success of murres and
increased breeding success of cormorants during the
anomalously warm conditions.

Reproductive Failures of Most Seabirds at
Yaquina Head, Oregon: Bottom-Up Impacts
Under Top-Down Control

Common murres (Uria aalge) and pelagic cormorants
(Phalocrocorax pelagicus) at Yaquina Head (fig. 2b) expe-
rienced complete reproductive failure in 2015. Murre
eggs were laid, but none were incubated long enough to
hatch chicks. This was the first time that no murre chicks
were produced in 14 years of data collection, maintain-
ing a 5-yr run (2011-15) of low reproductive success
that is less than half the success for the first four years
of the study (2007-10, fig. 41). Murre reproductive suc-
cess during the 1998 El Nino (Gladics et al. 2015), and
2010, 2014, and 2015 were the lowest on record. Pelagic
cormorants had the lowest brood size and reproduc-
tive success in 2015 for our 8-year record (only 2011
was similarly low; fig. 42B). In contrast, Brandt’s cormo-
rants (P penicillatus) had the highest reproductive success
and second-highest brood size during our 8 year record
(fig. 42A). Median hatch date for cormorants was over a
week later than the mean (fig. 43).

Since 2011 much of the reproductive loss for murres
has been due to egg and chick predators (Horton 2014).
In 2015, however, the disturbance by primarily bald
eagles (Haliaeetus leucocephalus) was so intense early in
the breeding season that no eggs were incubated long
enough to hatch chicks. Persistent eagle disturbance early
in the season is also in part responsible for the later laying
and hatching dates of murres and cormorants.

The three main forage fish species fed to murre
chicks are smelt (Osmeridae), Pacific herring or sardine
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Figure 42. Anomalies of reproductive success and brood size for cormorants nesting at Yaquina Head, Oregon, 2007-15. Brandt’s cormorants had an above
average year for chick production, but pelagic cormorants, like murres, had a complete reproductive failure.
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Figure 43.  Anomalies of median hatch dates for Brandt’s and pelagic cormorants at Yaquina Head, Oregon,
2007-15. Both species experienced one of the latest hatch dates recorded.
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Figure 45. Boxplots of overall seabird density from vessel-based surveys off Newport, Oregon, including along the Newport Hydrographic Line and adjacent

nearshore waters.

(Clupeidae), and Pacific sand lance (Ammodytes hexa-
pterus). The relative proportion of the three species can
be similar or one species may be numerically dominant
in a given year. Smelt was the main prey item in 2015,
continuing a trend of smelt-dominated diets for 4 of
the past 5 years (fig. 44). In 2015, however, there was
an increase in Clupeids (herring/sardine) compared to
recent years. Pacific sand lance continues to be minimal
in diets since 2010. The dominance of smelt and lack
of herring and sand lance is notably different than diets
during the 1998 El Nino (Gladics et al. 2015). Sand
lance are generally more prominent in murre diets dur-
ing cold water years (Gladics et al. 2014, 2015), as high-
lighted by their prevalence in 2008 (fig. 44). Clupeids,
primarily Pacific herring (Clupea pallasii), are generally
associated with warmer water and positive PDO (Gladics
et al. 2015), although their occurrence in recent warm
water years has been lower than expected.
Vessel-based seabird surveys oft Newport, Oregon,
indicated reduced seabird densities in spring 2015 rela-
tive to 2014 (especially for common murre, Brandt’s and
pelagic cormorants), but average or above average den-
sities in nearshore waters during summer 2015 (fig. 45).

SUMMARY: SEABIRD BREEDING,
PHENOLOGY, AND DIET

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. Coincident with reduced breeding and
the dietary shift, the temperatures in the Gulf of Far-
allones were anomalously warm. Unusual bird species
were observed in the region during these anomalously
warm conditions. Common murre reproductive success
was lower than average in northern California, simi-
lar to observations from central California during 2015,
and a complete reproductive failure in central Oregon.
Reduced prey availability was likely the cause as chick
mortality resulted primarily from starvation, with the
added pressure of increasing bald eagle predation in cen-
tral Oregon. Murre chick diets were similar to other
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warm years, with anchovies dominating in the central
and smelt dominating in the northern California Cur-
rent, with another year of notable lack of sand lance off
central Oregon. Fewer rockfish were consumed by murres
in central California and an older age class was consumed
in northern California. An increase in California market
squid that began in 2014 continued in 2015 potentially
indicating northward shift in these squid populations due
to the prevalence of warm sea-surface temperatures across
the CCS in 2015. Unlike murres and Pelagic cormorants,
Brandt’s cormorants were more successful in 2015 than
previously observed indicating that seabird response to
conditions in the CCS are species specific.

FEW PUPS AND LOW GROWTH AT
SAN MIGUEL SEA LION ROOKERIES

California sea lions (Zalophus californianus) are per-
manent residents of the CCS, breeding in the Califor-
nia Channel Islands and feeding throughout the CCS
in coastal and offshore habitats. They are also sensitive
to changes in the CCS on different temporal and spa-
tial scales and so provide a good indicator species for
the status of the CCS at the upper trophic level (Melin
et al. 2012). Two indices are particularly sensitive to prey
availability, pup production, and pup growth during the
period of maternal nutritional dependence. Pup pro-
duction is a result of successful pregnancies and is an
indicator of prey availability to and nutritional status
of adult females from October to the following June.
Pup growth from birth to 7 months of age is an index
of the transfer of energy from the mother to the pup
through lactation between June and the following Feb-
ruary, which is related to prey availability to adult females
during that time.

After a 12% increase in pup births at San Miguel Island
in 2014, pup births declined 26% in 2015 and were 16%
lower than the long-term average between 1997 and
2015 (fig. 46). Pup condition and pup growth for the
2015 cohort was the lowest observed over the time series.
The average weights of three-month-old pups were 27%
and 30% lower than the long-term average for female and
male pups, respectively (fig. 47). Pup growth rates from
three to seven months of age were 79% below average
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Figure 46. The percent anomaly of live California sea lion pup counts at San Miguel Island, California, based on a long-term
average of live pup counts between 1997-2015 in late July when surviving pups were about 6 weeks old.
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Figure 47. Predicted average weights of 3-month-old female (open circle) and male (open triangle) California sea
lion pups at San Miguel Island, California, 1997-2015 and long-term average between 1997 and 2015 for females
(solid line) and males (dashed line). Error bars are + 1 standard error.
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Figure 48. Predicted average daily growth rate of female (open circle) and male (open triangle) California sea lion

pups between 3 and 7 months old at San Miguel Island, California, 1997-2015, and long-term average between
1997 and 2015 for females (solid line) and males (dashed line). Error bars are + 1 standard error.

for female pups and 94% lower than average for male
pups in 2015, indicating that male pups had almost no
growth over the four month period (fig. 48).
Since 2009, the California sea lion population has
experienced low pup survival, low pup births or both
(Melin et al. 2010, 2012; Leising et al. 2014). An unusual
mortality event (UME) was declared for California sea
lions in southern California in response to unusually
high numbers of young pups from the 2012, 2014, and
2015 cohorts stranding along the coast between Janu-
ary and April and poor condition of pups at San Miguel
Island and other rookeries during the winter (Wells et al.
2013; Leising et al. 2014). Since 2013, fisheries surveys
during the springs each year indicated that several of the
primary fish prey of California sea lions that typically are
associated with years of normal or better pup condition
(Melin et al. 2012), including Pacific sardine (Sardinops
sagax), northern anchovy (Engraulis mordax), and Pacific
hake (Merluccius productus), were not abundant along the
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central California coast in the foraging range of nurs-
ing females (Wells et al. 2012, 2013, 2014; Leising et al.
2014, 2015). Analysis of scat contents of California sea
lion females during these periods indicated increased
consumption of rockfish (Sebastes spp.) and market squid
(Doryteuthis opalescens) (Melin et al., in review). Thus, the
composition of the prey community available to nurs-
ing females during the UME period was quite difterent
from previous years when pups were in better condition
(Melin et al. 2012; McClatchie et al. 2016). The com-
bination of the residual eftects of the marine heat wave
and the EI Nino conditions 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 con-
dition, and large numbers of pups stranded along the
California coast contributed to the continuation of the
UME in 2015. We anticipate low numbers of births,
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poor condition and survival of pups, and elevated strand-
ings along the coast to continue until the composition
and abundance of the prey community increases and
provides sufficient food for nursing females to support
pregnancies and the energetic demands of pup growth
from birth to weaning.

LOWER NUMBERS OF BALEEN WHALES AND
DOLPHINS BUT CLOSER INSHORE

Marine mammal surveys were only initiated as part
of the CalCOFI cruises in 2004 so it is not possible
to compare distribution and abundance between the
2015-16 and the 1997-98 El Nifios. This contribution
focuses on the spatial distribution patterns of cetaceans
off southern California and their seasonal variability in
the last 5 years (2012-16) derived from visual monitor-
ing using standard line-transect survey protocols. Meth-
ods are described in detail in Campbell et al. (2015).

The spatial distribution of several species of baleen
whales differed both seasonally and interannually
(fig. 49). During winter and spring, most baleen whale
sightings occurred within ~370 km of the shoreline.
During summer and fall, baleen whales were sighted
primarily along the continental slope and in offshore
waters. The exception was the fall 2015 cruise when
baleen whales were mainly seen in the coastal areas of
Southern California Bight. However, minke whales
(Balaenoptera acutorostrata) and gray whale (Eschrichtius
robustus) sightings were restricted to the continental shelf.
Sightings of baleen whales in fall 2015 were significantly
fewer than usual. The timing and the reduced number
of sightings of baleen whales during fall 2015 coincided
with anomalously warm conditions, but was prior to the
winter peak of the 2015-16 El Nifo.

Among the toothed (Odontocete) whales, short-beaked
common dolphins (Delphinus delphis) were detected more
frequently offshore in contrast to long-beaked common
dolphins (D. capensis) that were more commonly seen
inshore (fig. 50). During summer and fall 2015, short-
beaked common dolphins extended their distribution
inshore. There were fewer sightings of odontocetes dur-
ing fall 2015, as was also the case for baleen whales.

Both baleen whales and odontocetes were sighted
less frequently during anomalous warming off southern
California prior to the peak of the 2015-16 EI Nifo.
Baleen whales and short-beaked common dolphins
normally 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.

OVERALL SUMMARY
Warm conditions in the North Pacific in 2014-15
were a result of the continuation of the marine heat
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wave, a large area of exceptionally high SST anoma-
lies that originated in the Gulf of Alaska in late 2013.
The North Pacific heat wave conditions interacted
with an El Nifo developing in the equatorial Pacific in
2015. Along the coast of North America, high positive
SST anomalies due to the marine heat wave and the El
Niflo started to diminish by December 2015. The ONI
reached the highest positive values since the 1997-98
El Niflo during the fall of 2015 and winter of 2015-16.

Positive SST anomalies remained along the coast in
late winter and early spring of 2016, with SST anomalies
ranging from 0.5° to 1.5°C. Weekly periods of excep-
tionally high temperature anomalies (greater than 2°C)
occurred until the start of the 2015-16 El Nifio (win-
ter of 2015), when SST's were still high but not as high
as those due to the marine heat wave. The decrease in
SST wvalues seen in the central CCS during the spring of
2015 corresponded with an extended period of upwell-
ing favorable winds.

PDO values during December 2014 until March
2015 were all higher than 2, which are some of the
highest values in the time series. These high winter PDO
values can be attributed to the marine heat wave since
they preceded the onset of the 2015 El Nifio event, and
modulated the regional expression of the El Nifo event
on the California Current (Jacox et al. 2016). High PDO
values persisted during the El Nifio event and reached
their highest value in the past 15 years in May 2016.

During the 2015-16 warming, the depth of the
26.0 kg m= isopycnal (d o) was considerably shallower
than during the 1982-83 and 1997-98 events, and also
showcased a much different temporal evolution. The
past strong El Nifno events were characterized by dy
increasing rapidly beginning in summer, reaching peak
anomalies in winter (November to February), and then
decreasing again into the spring. In contrast, 2015-16
saw d,q o anomalies that were already positive due to
anomalous warming of the North Pacific that began in
2014. In the first halt of 2016, d» ; gradually shoaled, as
is often the case, approaching climatological values and
suggesting the decline of both El Nifio and the pre-
existing warm anomalies.

Mixed layer temperatures oft southern California in
2014-15 were significantly higher than those observed
during the previous 15 years, and did not begin to cool
until the first half of 2016. The area affected by the
marine heat wave and the 2015-16 El Nifio in the mixed
layer was comparable to the 1997-98 El Niio, but lasted
longer. Water column stratification in the upper 100 m
during the 2015-16 marine heat wave was as strong as
the most extreme values observed during the 1997-98
El Nifio. However, this stratification was primarily driven
by the warming of the upper 100 m. The upper ocean
was unusually fresh during 2015 in most regions off
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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.

ACKNOWLEDGMENTS

This report would have been impossible without the
dedicated work of the numerous ship crews and the
technician groups that collected the data at sea, often
under adverse conditions.

SWESC and SIO wish to acknowledge the dedica-
tion of the NOAA CalCOFI group (comprising fisheries
oceanography, ship operations, and the ichthyoplankton
lab), and the SIO CalCOFI group and numerous volun-
teers. Major funding for CalCOFI is provided by NOAA
Fisheries. Salaries for S. McClatchie and A. Leising are
funded by the NOAA Fisheries and the Environment
(FATE) program.

IMECOCAL thank the captain and crew of the
R/V Alpha Helix of CICESE. Martin de la Cruz pro-
vided chlorophyll data and Luis E. Miranda computing
assistance.

HF-radar data are available thanks to the initial invest-
ment of the state of California in establishing the array in
California and to the National Science Foundation for
establishing elements of the array in Oregon and Califor-
nia. NOAA-IOOS and participating universities (listed
at http://cordc.ucsd.edu/projects/mapping/) provide
ongoing funds/support for operation and management.

R. Delong, J. Harris, H. Huber, J. Laake, A. Orr
and many field assistants participated in the data col-
lection and summaries for the sea lion study. Funding
was provided by the National Marine Fisheries Service.
Research was conducted under NMES Permit 16087
issued to the Marine Mammal Laboratory, Alaska Fish-
eries Science Center.

The study of red crabs off southern California is a
contribution from the California Current Ecosystem
Long-Term Ecological Research site, supported by the
US NSE and from the SIO Pelagic Invertebrate Col-
lection. Inset illustrations within Figure 18 from Boyd,
C.M. 1960. Biol. Bull. 118:17-30. Reprinted with per-
mission from the Marine Biological Laboratory, Woods
Hole, MA.

We are grateful to Paul Fiedler for his internal NOAA
review of the manuscript. We also thank three anony-
mous reviewers who improved the manuscript.

LITERATURE CITED

Anderson, C. R., D. A. Siegel, M. A. Brzezinski, and N. Guillocheau. 2008.
Controls on temporal patterns in phytoplankton community structure in
the Santa Barbara Channel, California. Journal of Geophysical Research
113: C04038, doi:10.1029/2007]C004321.

Anderson, C. R., M. A. Brzezinski, L. Washburn, and R. Kudela. 2006.
Circulation and environmental conditions during a toxigenic Pseudo-
nitzschia australis bloom in the Santa Barbara Channel, California. Marine
Ecology Progress Series 327: 119-133.



STATE OF THE CALIFORNIA CURRENT 2015-16: COMPARISONS WITH THE 1997-98 EL NINO

CalCOFI Rep., Vol. 57,2016

Auth, T. D. 2011. Analysis of the spring—fall epipelagic ichthyoplankton
community in the northern California Current in 2004-09 and its relation
to environmental factors. California Cooperative Oceanic Fisheries
Investigations Reports 52: 148-167.

Bakun, A. 1973. Coastal upwelling indices,West Coast of North America,
1946-71, NOAA Tech. Rep., NMFS SSRF-671, 114 pp.

Black, B. A., I. D. Schroeder, W. J. Sydeman, S. J. Bograd, and P. W. Lawson.
2010. Wintertime ocean conditions synchronize rockfish growth and
seabird reproduction in the central California Current ecosystem.
Canadian Journal of Fisheries and Aquatic Sciences 67: 1149-1158.

Bond, N. A., M. E Cronin, H. Freeland, and N. Mantua. 2015. Causes and
impacts of the 2014 warm anomaly in the NE Pacific, Geophysical
Research Letters, 42: 3414-3420, doi:10.1002/2015GL063306.

Boyd, C. M. 1960. The larval stages of Pleuroncodes planipes Stimpson
(Crustacea, Decapoda, Galatheidae). Biological Bulletin 118: 17-30.

Boyd, C. M. 1962. The biology of a marine decapod crustacean, Pleuroncodes
planipes Stimpson, 1860. PhD thesis. University of California, San Diego.
123 p.

Boyd, C. M. 1967. The benthic and pelagic habitats of red crab Pleuroncodes
planipes. Pacific Science 21: 394—403.

Brodeur, R. D., J. P. Fisher, R. L. Emmett, C. A. Morgan, and E. Casillas.
2005. Species composition and community structure of pelagic nekton off’
Oregon and Washington under variable oceanographic conditions. Marine
Ecology Progress Series 298: 41-57.

Campbell, G. S., L.Thomas, K. Whitaker, A. B. Douglas, J. Calambokidis,
and J. A. Hildebrand. 2015. Inter-annual and seasonal trends in cetacean
distribution, density and abundance off southern California. Deep Sea
Research Part II: Topical Studies in Oceanography, 112, pp.143—157.

Carter, H. R., U. W. Wilson, R. W. Lowe, M. S. Rodway, D. A. Manuwal,
and J. L. Yee. 2001. Population trends of the common murre (Uria aalge
californica). Pages 33—132 in Biology and conservation of the common
murre in California, Oregon, Washington, and British Columbia,Volume 1:
Natural history and population trends (D. A. Manuwal, H. R. Carter, T. S.
Zimmerman, and D. L. Orthmeyer, Eds.), United States Geological Survey,
Information and Technology Report USGS/BRD/ITR-2000-0012,
Washington, D.C. Fish and Wildlife Service, Northern Prairie Wildlife
Research Center, Dixon, CA.

Chavez, E P, C.A. Collins, A. Huyer, and D. L. Mackas. 2002. El Nino along
the west coast of North America. Progress in Oceanography 54: 1-5.

Di Lorenzo, E., N. Schneider, K. M. Cobb, P. J. S. Franks, K. Chhak,
A. J. Miller, J. C. McWilliams, S. J. Bograd, H. Arango, E. Curchitser,
T. M. Powell, and P. Riviére. 2008. North Pacific Gyre Oscillation links
ocean climate and ecosystem change. Geophysical Research Letters 35,
doi:10.1029/2007GL032838.

Di Lorenzo, E., and N. Mantua. 2016. Multi-year persistence of the 2014/15
North Pacific marine heat wave. Nature Climate Change, doi:10.1038/
NCLIMATE3082.

Du, X., W. Peterson, J. Fisher, M. Hunter, and J. Peterson. Initiation and
development of a toxic and persistent Pseudo-nitzschia bloom off the
Oregon coast in spring/summer 2015. PLOS One. Submitted June 2015.

Durin, M. J.2016. Red crabs wash out at La Jolla beaches. The San Diego Union
Tribune (http://www.lajollalight.com/news/2016/jun/08/red-crabs/).

Fisher, J. L., W. T. Peterson, and R. R. Rykaczewski. 2015. The impact of
El Niflo events on the pelagic food chain in the northern California
Current. Global Change Biology 21: 4401-4414, doi:10.1111/gcb.13054.

Goémez-Gutierrez, J., and C. Robinson. 2006. Tidal current transport of
epibenthic swarms of the euphausiid Nyctiphanes simplex in a shallow,
subtropical bay on Baja California peninsula, México. Marine Ecology
Progress Series 320: 215-231.

Gladics, A. J., R. M. Suryan, R. D. Brodeur, L. M. Segui, and L. Z. Filliger.
2014. Constancy and change in marine predator diets across a shift in
oceanographic conditions in the Northern California Current. Marine
Biology 161: 837-851.

Gladics, A. J., R. M. Suryan, J. K. Parrish, C. A. Horton, E. A. Daly,
and W. T. Peterson. 2015. Environmental drivers and reproductive
consequences of variation in the diet of a marine predator. Journal of
Marine Systems 146: 72-81.

Gruber, N., and J. L. Sarmiento. 1997. Global patterns of marine nitrogen
fixation and denitrification. Global Biogeochemical Cycles 11: 235-266.

Hayward, T. L. 2000. El Nifio 1997-98 in the coastal waters of Southern
California: A timeline of events. California Cooperative Oceanic Fisheries
Investigations Reports 41: 98-116.

60

Horton, C.A.2014.Top-down influences of Bald Eagles on Common Murre
populations in Oregon. MS thesis, Oregon State University.

Jacox, M. G., E. L. Hazen, K. D. Zaba, D. L. Rudnick, C. A. Edwards, A. M.
Moore, and S. J. Bograd. 2016. Impacts of the 2015-16 El Nino on the
California Current System: Early assessment and comparison to past events.
Geophysical Research Letters 43: 1-9. doi:10.1002/2016GL069716.

Jiménez-Rosenberg, S. P.A., R.]. Saldierna-Martinez, G. Aceves-Medina, and
V. M. Cota-Goémez. 2007. Fish larvae in Bahia Sebastian Vizcaino and the
adjacent oceanic region, Baja California, México. Checklist 3: 204-223.

Jiménez-Rosenberg, S. P. A., R. J. Saldierna-Martinez, G. Aceves-Medina,
A. Hinojosa-Medina, R. Funes-Rodriguez, M. Hernandez-Rivas, and
R. Avendano-Ibarra. 2010. Fish larvae off the northwestern coast of the
Baja California Peninsula, Mexico. Checklist 6: 334-349.

Kahru, M., and B. G. Mitchell. 2000. Influence of the 1997-98 El Nifio on
the surface chlorophyll in the California Current. Geophysical Research
Letters 27: 2937-2940.

Kahru, M., R. M. Kudela, M. Manzano-Sarabia, and B. G. Mitchell. 2012.
Trends in the surface chlorophyll of the California Current: Merging data
from multiple ocean color satellites. Deep-Sea Research II 77: 89-98.
http://dx.doi.org/10.1016/.dsr2.2012.04.007.

Kahru, M., Z. Lee, R. M. Kudela, M. Manzano-Sarabia, and B. G. Mitchell.
2015. Multi-satellite time series of inherent optical properties in the
California Current. Deep-Sea Research II 112: 91-106, http://dx.doi.
org/10.1016/;.dsr2.2013.07.023.

Lavaniegos, B.E.,and M. D. Ohman. 2007. Coherence of long-term variations
of zooplankton in two sectors of the California Current System. Progress
in Oceanography 75: 42—-69

Lea, R., and R. Rosenblatt. 2000. Observations on fishes associated with the
1997-98 El Nifio off California. California Cooperative Oceanic Fisheries
Investigations Reports 41: 117-129.

Leising, A. W, et al. 2014. State of the California Current 2013—14: El Nino
looming. California Cooperative Ocean and Fisheries Investigations
Reports 55:31-87.

Leising, A. W., I. D. Schroeder, S. J. Bograd, J. Abell, R. Durazo, G. Gaxiola-
Castro, E. P. Bjorkstedt, J. Field, K. Sakuma, R. R. Robertson, R. Goericke,
W. T. Peterson, R. D. Brodeur, C. Barceld, T. D. Auth, E. A. Daly, R. M.
Suryan, A. J. Gladics, J. M. Porquez, S. McCatchie, E. D. Weber, W. Watson,
J. A. Santora, W. J. Sydeman, S. R. Melin, E P. Chavez, R.T. Golightly, S. R..
Schneider, J. Fisher, C. Morgan, R. Bradley, and P. Waryzbok. State of the
California Current 2014—15: impacts of the warm-water “blob.” California
Cooperative Oceanic Fisheries Investigations Reports 56, 31-68. 2015.

Longhurst, A. R. 1967. The pelagic phase of Pleuroncodes planipes Stimpson
(Crustacea, Galatheidae) in the California Current. California Cooperative
Oceanic Fisheries Investigations Reports 11: 142—154.

Lynn, R. ], and J. J. Simpson. 1987. The California Current System: The
seasonal variability of its physical characteristics. Journal of Geophysical
Research 92: 12947-12966.

Lynn, R.]J., and S.]J. Bograd. 2002. Dynamic Evolution of the 1997-1999 El
Nino-La Nifa cycle in the southern California Current system. Progress
in Oceanography 54: 59-75.

Marchetti,A.,V. L. Trainer, and P.J. Harrison. 2004. Environmental conditions
and phytoplankton dynamics associated with Pseudo-nitzschia abundance
and domoic acid in the Juan de Fuca eddy. Marine Ecology Progress Series
281:1-12.

McCabe, R. M., B. M. Hickey, R. M. Kudela, K. A. Lefebvre, N. G. Adams, B.
D. Bill, E M. D. Gulland, R.. E. Thomson, W. P. Cochlan, and V. L. Trainer,
2016. An unprecedented coastwide algal bloom linked to anomalous
ocean conditions. Submitted to Geophysical Research Letters.

McClatchie, S. 2014. Regional fisheries oceanography of the California
Current System: the CalCOFI program. Springer. 235pp. ISBN 978-94-
007-7222-9.

McClatchie, S., J. Field, A. R.Thompson, T. Gerrodetter, M. Lowry, P. C.
Fiedler, W. Watson, K. M.. Nieto, and R.. D.Vetter. 2016. Food limitation of
sea lion pups and the decine of forage off central and southern California.
Open Science, 3, p.150628.

Melin, S. R., A. J. Orr, J. D. Harris, J. L. Laake, and R. L. DeLong. 2012.
California sea lions: An indicator for integrated ecosystem assessment
of the California Current System. California Cooperative Ocean and
Fisheries Investigations Reports 53:140-152.

Morgan, C. A., B. R. Beckman, R. D. Brodeur, B. J. Burke, K. C. Jacobson,
J. A. Miller, W. T. Peterson, D. M. Van Doornik, L. A. Weitkamp, J. E.
Zamon, A. M. Baptista, E. A. Daly, E. M. Phillips, and K. L. Fresh. 2016.



STATE OF THE CALIFORNIA CURRENT 2015-16: COMPARISONS WITH THE 1997-98 EL NINO

CalCOFI Rep., Vol. 57,2016

Ocean Survival of Salmonids RME, 1/1/2015-12/31/2015, Annual
Report, 1998-014-00. 65pp. Available at: https://pisces.bpa.gov/release/
documents/DocumentViewer.aspx?doc=P149018.

Ohman, M., and E. Venrick. 2003. CalCOFI in a changing ocean.
Oceanography 16: 76-85.

Perrins, C. M. 1970.The timing of birds’ breeding seasons. Ibis 112: 242-255.

Peterson, W. T., J. A. Keister, and L. R. Feinberg. 2002. The effects of the
1997-99 El Nino/La Nifa event on hydrography and zooplankton off the
central Oregon coast. Progress in Oceanography 54: 381-398.

Ralston, S., J. C. Field, and K. S. Sakuma. 2015. Long-term variation in a
central California pelagic forage assemblage. Journal of Marine Systems
146:26-37.

Reed, T. E., S. Waneless, M. P. Harris, M. Frederiksen, L. E. B. Kruuk, and
E.J. A. Cunningham. 2006. Responding to environmental change: plastic
responses vary little in a synchronous breeder. Proceedings of the Royal
Society of London B 273:2713-2719.

Reynolds, R.W., T. M. Smith, C. Liu, D. B. Chelton, K. S. Casey, and M. G.
Schlax. 2007. Daily high-resolution blended analyses for sea surface
temperature. J. Climate 20: 5473-5496.

Ryan, H. E, and M. Noble. Sea level response to ENSO along the central
California coast: how the 1997-98 event compares with the historical
record. Progress in Oceanography 54: 149-169.

Sakuma, K. M., J. C. Field, B. B. Marinovic, C. N. Carrion, N. J. Mantua,
and S. Ralston. In review. Epipelagic micronekton assemblage patterns in
the California Current with observations on the influence of “the blob”
on pelagic forage in 2015. California Cooperative Oceanic Fisheries
Investigations Reports.

Schroeder, I. D., W. J. Sydeman, N. Sarkar, S. A. Thompson, S. J. Bograd, E B.
Schwing. 2009. Winter pre-conditioning of seabird phenology in the
California Current. Marine Ecology Progress Series 393: 211-233.

Schroeder, I. D, B. A. Black, W. J. Sydeman, S. J. Bograd, E. L. Hazen, J. A.
Santora, and B. K. Wells. 2013. The North Pacific High and wintertime
pre-conditioning of California Current productivity. Geophysical Research
Letters 40: 541-546.

61

Schwing, E B., M. O’Farrell, J. M. Steger, and K. Baltz. 1996. Coastal
upwelling indices, West Coast of North America, 1946-95, NOAA Tech.
Memo., NOAA-TM-NMFS-SWFSC-231, 144 pp.

Schwing, E B.,T. Murphree,and P. M. Green. 2002.The Northern Oscillation
Index (NOI): a new climate index for the northeast Pacific. Progress In
Oceanography 53: 115-139.

Simpson, J. 1992. Response of the Southern California current system to
the mid-latitude north Pacific coastal warming events of 1982—83 and
1940—41. Fisheries Oceanography 1(1): 57-79.

Sommer, U. 1994. Are marine diatoms favoured by high Si:N ratios? Marine
Ecology Progress Series 115: 309-315.

Suchman, C. L., R. D. Brodeur, E. A. Daly, and R. L. Emmett. 2012. Large
medusae in surface waters of the Northern California Current: variability
in relation to environmental conditions. Hydrobiologia.690: 113—125.

Todd, R. E., D. Rudnick, M. Mazloff, R. Davis, and B. Cornuelle. 2011.
Poleward flows in the southern California Current System: glider
observation and numerical simulation. Journal of Geophysical Research
116, C02026, doi:10.1029/2010JC006536.

Warzybok, P. M., R. Berger, and R. W. Bradley. 2015. Population size and
reproductive performance of seabirds on Southeast Farallon Island. 2015.
Unpublished report to the U.S. Fish and Wildlife Service. Point Blue
Conservation Science, Petaluma, California. Point Blue Conservation
Science Contribution Number 2055.

Wells, B. K., et al. 2013. State of the California Current 2012—13: No Such
Thing as an” Average” Year. California Cooperative Ocean and Fisheries
Investigations Reports 54:37-71.

Wolter, K., and M. S. Timlin. 2011. El Nifio/Southern Oscillation behavior
since 1871 as diagnosed in an extended multivariate ENSO index (MEL.
ext). International Journal of Climatology 31: 1074—1087.

Zaba, K. D., and D. L. Rudnick. 2016. The 2014—15 warming anomaly in
the Southern California Current System observed by underwater gliders.
Geophysical Research Letters 43: 1241-1248, doi 10.1002/2015gl067550.





