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Figure 1. CalCOF! station patterns. The regular 66-station station pattern occupied by CalCOFI since 1985 (lines 77, 80,
83, 87, 90, and 93) is connected with a solid line. The stations for the mini El Nifio cruises on lines 83 and 90 are shown
with a dotted line. The area of additional underway sampling north of the regular pattern is above the dashed line (lines 67,

70, and 73).

if these regions respond in a similar way to changes in en-
vironmental structure and whether the higher-frequency,
longer temporal coverage and greater spatial coverage of
the coastal shore station data can be used to make in-
ferences about structure in the offshore waters of the
California Current.

As in past reports, we highlight the observations and
findings of a few of the new types of techniques that are
being evaluated in CalCOFI, and the results of some of
the cooperative research programs. The 1998-99 period
was also marked by the continuation of the process of
implementing new observational approaches in the
CalCOFI time series. Observations with CUFES (con-
tinuous underway fish egg sampler) provide greatly im-
proved spatial resolution of the pattern of fish spawning

30

during this period of rapid change. Implementation of
the OPC (optical plankton counter) is providing the basis
to determine whether the size spectrum and/or depth
distribution of the plankton changes during this period
of rapid environmental change.

DATA AND SAMPLING

The observations presented here were obtained from
several sources. CalCOFI observations include data from
the quarterly survey cruises and from the additional “mini
El Nifio” cruises which sampled lines 90 and 83 on RV
Robert Gordon Sproul from December 1997 to January
1999 during months that did not include a normal time-
series cruise (fig. 1). CalCOFI cruises are designated by
year and month. CalCOFI stations are designated by line
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Figure 4. Anomalies over the Pacific Ocean for May, September, and December of 1998: A, C, and E, sea-level pr
D, and F, sea-surface temperature (SST). Positive anomalies denote higher than normal atmospheric pressure an
are 1 mb and 1°C. Shading denotes SST anomalies greater than —1°. Arrows indicate the direction and strength of the wi
are approximately paralle! with SLPA contours, and cyclonic (counterclockwise in Northern Hemisphere)
tours indicate faster anomalous winds. Monthly d

SST climatology period is 1850-79.
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essure (SLP) with anomalous surface wind; B,
d warmer than normal SST. Contour intervals
ind anomalies. Anomalous surface winds
around negative anomalies. Closer-spaced SLPA con-

ata were obtained from the Climate Diagnostics Center. The SLP climatology period is 1968-96; the Reynolds
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Figure 5. Sea-surface temperature at Pacific Grove and La Jolla (SIO Pier) for 1998 and 1999. Daily temperature and anomalies from the long-term harmonic
mean (1919-93 for Pacific Grove and 191 5-93 for La Jolla). The harmonic mean annual cycle in SST is also shown.
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Figure 6. Monthly sea-level anomalies at San Francisco and San Diego for 1997, 1
od, corrected for atmospheric pressure.

the quarterly time-series cruises (McGowan et al. 1998).
Since there has been a secular trend of warming and ris-
ing sea level since the mid-1970s (Roemmich 1992), it
is important to consider the base period used to calcu-
late the climatologies when comparing anomalies de-
rived from different data sources. Coastal shore station
temperature anomalies were calculated upon the base
period of 1916-93 for La Jolla and 1919-93 for Pacific
Grove (Walker et al. 1994). Sea-surface temperature at
La Jolla was anomalously warm throughout 1997 and
most of 1998, with only a few cool episodes of near-
normal temperatures (fig. 5). Sea-surface temperature
was normal to cool from the fall of 1998 through the
carly spring of 1999. Pacific Grove was cool to normal
in the early part of 1997. Positive temperature anom-
alies were generally observed from August 1997 to
September of 1998, although there were several episodes
of below-normal temperatures. From October 1998
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998, and 1999. The monthly anomalies are deviations from the 1975-95 peri-

through the spring of 1999 temperatures were gener-
ally cooler than normal.

Sea-level anomalies (the difference between the mean
sea level for the given month and the mean annual cycle
for 1975 to 1995 corrected for the inverse barometer
effect) provide another index of oceanographic struc-
ture that can be measured at coastal shore stations. San
Diego and San Francisco showed quite similar tempo-
ral patterns from 1997 to early 1999 (fig. 6). Sea level
began to rise to anomalously high values indicative of
El Nifio in May 1997, and remained anomalously high
until September—October 1998. The highest values oc-
curred from October 1997 to February 1998. Values in
the fall and winter of 1998 and early 1999 were anom-
alously low. It may be that the similarity in the sea-
level signal was due to the strong El Nifo forcing
standing out above the regional variability. The sea-level
data were provided by the Joint Archive for Sea Level
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Figure 8. Time series of daily-averaged alongshore winds (knots) for 1997-98 at selected NDBC buoys. Bold lines are the harmonic mean annual cycle at each
buoy. Shaded areas are the standard error for each Julian day. The period used for calculating the mean at each site and the alongshore angle are shown in table 1.
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Figure 9. Time series of daily-averaged SST ("C) for 1997-98 at selected NDBGC buoys. Bold lines are the harmonic mean annual cycle at each buoy. Shaded
areas are the standard error for each Julian day. The period used for calculating the mean at each site is shown in table 1.
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Figure 10. Long-term mean (1950-92) circulation patterns based upon 0 over 500 m dynamic height for the target months of the time-series cruises.
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Figure 11. Spatial patterns for CalCOFI cruise 9802 (23 January—14 February 1998), including upper-ocean geostrophic flow estimated from 0 over 500 db

dynamic height anomalies, 10 m chlorophyil, 10 m temperature, and 10 m salinity.

The circulation pattern on cruise 9809 (fig. 14) was
again typical of the climatology, with the California
Current flowing southward through the middle of the
pattern, and weak northward flow along the coast. The
salinity in the core of the California Current (33.1-33.2)
was greater than in July. Chlorophyll was relatively low
throughout the pattern, with the highest values along
the coast, as is typical for fall.

The circulation pattern on cruise 9901 showed strong
meandering flow of the California Current and a strong
coastal countercurrent (fig. 15). The circulation pattern
was strongly influenced by mesoscale structure. There
were two strong mesoscale eddies and a sharp meander
to the California Current. The mesoscale circulation pat-
tern was reflected in the chlorophyll distribution. Chloro-
phyll was high on this cruise. Chlorophyll was elevated
in an offshore tongue at the boundary between the south-
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ward flow of the California Current and the nerthward
flow of the countercurrent, and also in coastal patches.
This cruise was made on RV Roger Revelle, and the ship’s
greater capability, together with a few added days of sta-
tion time, allowed an expanded group of cooperative re-
search programs, including sampling with MOCNESS.
Cruise 9904 (preliminary data) was marked by a strong
mesoscale circulation pattern (fig. 16). The California
Current was well offshore, and the southward extent of
the penetration of water below salinity of 33.0 is con-
sistent with strong flow. Chlorophyll was high on this
cruise. Again, the spatial pattern was strongly influenced
by the circulation. High chlorophyll was found at the
inner edge of the low-salinity jet of the core of the
California Current (Hayward and Venrick 1998).
The data collected on the monthly Robert Gordon
Sproul mini El Nifio cruises provide additional infor-




v

“Auuies w Q| pue ‘einjesadwsl w 0| ‘IAydoloyo w o} ‘seiewoue
wbiey dIWBUApP QP 00G J8A0 O WOJ pajewse moy oiydonsosB ueaoo-leddn Buipnou (8664 1udy £2—2) $086 8sinid 14001ed 4o} swaned |eneds g ainbiy

021 443 <02} 443
! I ' ! ' I oo ' | ' I ' f o
— 1'0 IVAHILINI HNOLNOD . - 0,90 TYAHILNI HNOLNOD iAl .
ALINIVS H31aW oL . : JUNLVHIWIL H3LIW 0L 9

oGt

9tk J9E

T T T T .1 — T T T T T s
— B SHAOLNOD 1 |— = cnouv ae cavoom Nouowa INssand B ~—V
3 . SUILIN DHNYNAG 200 TYANILNG HNOINOD .
B-TIAHdOHOTHO Hd1l3W 01 . . (Suv81230 008 HIAO 0) . 90':L .
. SIIMVINONY LHDITH JINVNAQ .

oC

o9t o9

0Cl ‘ 74t 0¢Ct el
y086 ISINHO 1409TVO

6661 0V “[oA “"day 1HODIPD
666 1-8661 'INTIIND VINYOANYD 3HL 1TV 13 QIVMAVH




HAYWARD ET AL.: THE CALIFORNIA CURRENT, 1998-1999
CalCOFI Rep., Vol. 40, 1999

CALCOFI CRUISE 9807
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Figure 13.
anomalies, 10 m chlorophyll, 10 m temperature, and 10 m salinity.
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124°

120°

Spatial patterns for CalCOF} cruise 9807 (9-27 July 1998), including upper-ocean geostrophic flow estimated from 0 over 500 db dynamic height
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CALCOFI CRUISE 9901
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Figure 15. Spatial patterns for CalCOFI cruise 9901 (9-29 January 1999), including upper-ocean geostrophic flow estimated from 0 over 500 db dynamic height
anomalies, 10 m chlorophyll, 10 m temperature, and 10 m salinity.
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CALCOFI STATION 90.30
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Figure 17. Anomalies in temperature (°C from the 1950-92 base period) versus depth and time for CalCOF| station 90.30.

mation about temporal changes in structure. The analy-
sis here focuses on pattern in upper ocean thermal struc-
ture. Vertical sections of temperature anomalies versus
time are shown from stations 90.30 and 90.60 (figs. 17
and 18). Station 90.30 is located in the coastal waters in-
fluenced by the countercurrent, and station 90.60 is far-
ther offshore in a region which is often influenced by
the low-salinity jet of the California Current (fig. 1).
Both stations show similar patterns of anomalies in ther-
mal structure. At station 90.30 the surface waters showed
positive temperature anomalies of greater than 1°C 1n
July of 1997 (fig. 17). However, the waters normally
found in the thermocline (50150 m) had nearly nor-
mal temperatures. The pattern of warming increased in
the fall. There was an abrupt transition to strong El Nifio
conditions in November 1997. This can be seen from
the pattern of large (greater than 4°) temperature anom-
alies in the upper thermocline. The surface waters were
generally between 1° and 2° above normal throughout
this period. The pattern of vertical maximum temper-
ature anomalies in the thermocline is a characteristic
structure during El Nifo events in the California Current
region (McGowan 1985; Lynn et al. 1995). The ther-
mocline temperature anomalies decreased in magni-
tude during the spring of 1998, and there was another
increase to values greater than 2.5° in July and August.
The winter of 1998 and spring of 1999 were marked by
cooler than normal temperatures in the upper layer. The
patterns at 90.60 were quite similar to those at 90.30
(fig. 18). Again, surface temperature anomalies of greater
than 1° were seen by July 1997, but temperatures in
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Figure 18. Anomalies in temperature (°C from the 1950-92 base period)
versus depth and time for CalCOF| station 90.60.

the thermocline were near normal. There was an abrupt
shift to thermocline anomalies of greater than 6° in
December 1997, and the strong thermocline anomalies
persisted until September 1998. As at station 90.30, both
the transition to warm and later cool temperature anom-
alies began at the surface and progressed downward in
depth. The monthly measurements on the mini El Nifio
cruises show how rapidly physical structure can change
in this region.

The vertical sections of temperature anomalies versus
time also show that the timing of events inferred from
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IMECOCAL Cruise 9801
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Figure 20. Spatial patterns for IMECOCAL cruise 9801 (25 January—12 February 1998) including temperature, salinity, and dissolved oxygen concentra-

tion at 10 m and geostrophic flow estimated from 0 over 500 db dynamic height anomalies.
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IMECOCAL Cruise 9809
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Figure 22. Spatial patterns for IMECOCAL cruise 9809 (29 September—1 October and 19 October-5 November 1998) including temperature, salinity, and
dissolved oxygen concentration at 10 m and geostrophic flow estimated from 0 over 500 db dynamic height anomalies.
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Temperature Anomalies
Line 120
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Figure 24. Temperature anomalies (°C) for line 120 from IMECOCAL cruises 9801, 9807, 9809, and 9901. Anomalies
were calculated from mean values given by Lynn et al. (1982) for the period 1950-78.

California Current enters the region with a flow pre-
dominantly south, moves shoreward, and then south-
ward around the clockwise meander near Guadalupe
Island and leaves the area apparently in three branches—
to the west, south, and shoreward. Coastal poleward flows
are observed off San Quintin (30°N) and oft Punta
Eugenia (27°N). From 31° to 28°N, low temperatures
nearshore (<18°) associated with low dissolved oxygen
(<5 ml 17") indicate coastal upwelling.

There was a relatively homogeneous distribution of
nearsurface properties on IMECOCAL cruise 9901 (fig.
23). Lower temperatures (<15°C) are found oft capes
and north of Vizcaino Bay. During this cruise, strong
and persistent northwesterly winds were observed. The
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California Current enters the survey area in the north
and splits into two branches, one flowing west around
a cyclonic eddy centered at ~200 km offshore, and the
other flowing south as a coastal current. This coastal flow
is also suggested by the salinity distribution. Near
Guadalupe Island the California Current meanders and
apparently merges with the coastal flow. There is no ev-
idence for a coastal poleward flow at this depth. Tem-
peratures and salinities were about 2° to 3°C and 0.2-04
lower than on IMECOCAL cruise 9801 (fig. 20), con-
sistent with the transition to La Nifia conditions.
Figures 24 and 25 show vertical distributions of tem-
perature and salinity anomalies for IMECOCAL line 120
(off Vizcaino Bay) for each cruise. The anomalies are
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CalCOFI Cruise Means (1984-1999)
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Figure 26. Cruise means of vertically integrated chlorophyll and macrozooplankton biomass plotted versus the month of CalCOFI cruises from 1984 to 1999.
Each point represents the mean of all measurements on a cruise (normally 66). The open squares show the cruises that took place from 1984 to 1997. The solid
symbols are cruises from 1998 and 1999; cruises from individual years are connected with lines. The bold line in macrozooplankion biomass indicates the monthly
means for 1951-84.
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Figure 27. The time series of macrozooplankton volumes for 1997 and Figure 28. The time series of total fish eggs for 1997 and 1998. The clear

1998. The clear bars represent long-term averages (including recent data)
and are repeated for each year. The dark bars represent data for 1997 and
1998. The stations are the nearshore stations out to and including station 60
in the pattern occupied since 1985 between and including lines 77 and 93.
Macrozooplankton volumes do not include the volumes of organisms whose
individual volume is greater than approximately 5 ml.

above 34.5 and temperatures in the range of 97 to 10°C,
extending from 200 to 300 m in the vertical and about
120 km offshore.

Ecosystem Structure

The cruise mean plots for vertically integrated chloro-
phyll and macrozooplankton biomass (fig. 26) include
the period of the strong influences of the 1997-98 El
Nifio and the transition to cool-water conditions (data
for chlorophyll only). Chlorophyll followed the pattern
of the last decade in that no long-term trend was evi-
dent. The vertically integrated values do not look anom-
alous in the context of data taken since 1984, when
systematic time-series measurements of chlorophyll were
started by CalCOFIL. The April 1999 value was the high-
est observed since 1984, and this was coincident with
the anomalously low temperatures and shallow nutri-
cline seen throughout the study area. Macrozooplankton
biomass also continued the long-term trend of decreas-
ing values observed since the mid-1970s (Roemmich
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bars represent long-term averages (including recent data) and are repeated
for each year. The dark bars represent data for 1997 and 1998. The stations
are the nearshore stations out to and including station 60 in the pattern occu-
pied since 1985 between and including lines 77 and 93.

and McGowan 1995; McGowan et al. 1998). The val-
ues in 1998 were the lowest since 1984 for each of the
cruises. The biomass values for 1999 were not available
as this report was being prepared.

CalCOFTI plankton samples are routinely sorted for
the abundance of fish eggs and larvae in order to provide
information about population dynamics of commercially
important species. The abundances of macrozooplankton,
total fish eggs, sardine eggs, anchovy eggs, and small lar-
vae of hake from the CalCOFI survey cruises and the
mini El Nifio cruises are shown here (figs. 27-31). The
standing crop of total fish eggs ranged from about /5
to 1/, the long-term (1951-98) average from January
1998 to June 1998 (fig. 28). Since hatching time is faster
in warm water, the decrease in production will not be
as large as implied by the decline in standing stock. But
this temperature dependence will, in principle, be small.
We do not know the origin of this decline in produc-
tion. It may be that less fecund fish species moved in
from the equatorial side of the study area, or it may be




SS

-1100 SOZUET 9ZIS I2IY) UNIA PUE S[EAISIUL D35S ()] A0
pRaullq Ueoq 9ATY BIEP oY T, "T066 PUE ‘6086 ‘L0886 086
$ISINID 10§ /Q UL U0 suoness Je syuawkojdap woy ezep
Areurtunpaid jo 105 saneyussardar v juasard om d1op
Appmb panqustp pue passaoord 5q ued eyep owwon
-D919 23 Jey) PUE UOLIEULIONUT IYI 193[[0d 03 parmbau st
2N TONEIS [EUOLIPPE OU Jey) 9Serueape ot sey yoeosd
-de peor8ojouyo9y mou sty owm pue ‘qadop feouenual
-18 1YSI] (9381 MO} ‘saponaed JO TN UONDIIIP PUE ‘DZIS
‘Toquinu 3y apnpurl ele(] 198307 vIep [BUIANUL UE pUE
‘19190 [eada3ur ue ‘satroneq yam poddmbas st pue
sweyy 03uoq PIEPURIS 241 JO 19U PILOQILIS dU3 JO 3NOW
O43 UL pajunowt st LOD[ED Ul DO SYL "weaq paxy
e ySnoay Furssed uaym apnyaoo Lo 1y oy Junms
—eoul Aq 1938243 pue (([SH) Iourerp reorroyds juopeambs
SUOIDIW ()G INOqE JO s3dnIed Jo 2zIs Y3 $aeWISd pue
SINO> HJO YL 'TO86 2SI ram Furuuidaq (8861
UBULIDH {DJQ) F3unod uonuerd [eondo ue i pojuow
-3ne sem 319U 08u0q [JOD[E)D PIEPUEIS oU3 ‘pPu SIY)
of, 'suonendod ysy souanpur sonueudp uoyyueid moy
PUBISIIPUN 19130q 03 I9PIO UI $IZIS Id[[ELUs pnjour 03 A[[e
-opt ‘uoqueidooz sy3 jo uonnquusip ydep pue vzis oy
UO UOTIBULIOJUL [EUOTIPPE 10} PIJU JEI[D B ST 1Y |,
‘SSEUIoIq Sur
-umeds Jo yoe[ € 03 anp st 5389 ayey Jo edULPUNGE MO]
a3 16y A[PYI[ 30U STI] "$86 ] SULINp PIp I St STOBIPUOD
OUIN] [ wilea 93 SuLImp you a3 03 payrys Surumeds
ayjey Jey s[qussod sty “(1¢ "Sy) [ensnun st gpg1 ur umeds
33 JO 2DUEPUNQE MO] AJPWAIIXD AY) OS ‘SILIA JUIIAI
ul s[qess A[qesjrewuar uaaq sey uonendod axey 2y,
"SUOTIPUOD BUIN] B O3 UOLISUEH)
TP YPIIM 1120u00 ur Furseasdur st uonendod Aaotypue oy
ey Anpiqrssod e 03 SpeI] 86T JO [reF 213 Sunnp ojex
Y31y paaIasqo Y3 pue uwnine ur aduepunde 885 Laoyo
-ue mo Afreuntou jo uroned oy (o¢ "Sy) suonpuod
ouIN [q 03 asuodsar uonendod € 01 uonIppe Ul pa3ddyy
=21 3q Aew ‘[euriou €/, 03 S/; woy Surduel ‘9durpunqe
MO[ JO PU2J) Y3 PUE ‘SOPEIIP 0M] ISE[ oY) UT e Sur
~uaeds Ur Surseadop uaaq sey AAOYOUE 31 APsI2AU0)
“uwnmne ) ut qqa
Mo e Je Ajfewaou st Surumeds aurpres osnesaq ‘osuods
-a1 uonendod e jo swiay ur pareadiorur oq A[iressodou
JOU p[noyYs 003 SIYI INQ ‘SUONTPUOD BYIN] T OF UODISUED)
o) I PIIE[AIIOD AIE SUOHIPUOD I9[00D JO JSUO )
JE $IN[EA MO 9Y ], "SUOTAIPUOD OUIN] [ 03 osuodsar e
UeL) Pual) Wis-Suo[ 9yl JO dANedIpuT a1ow A[qeqold are
SISEAIDUT JUIIIL PUE “S()/6T Y2 20UTs eare Jurumeds pue
2ouEpUN|E UL SUISESIOUT U23q SEY dUIpIes oy ], *(67 3y)
8661 PUE /66T UL JUEPUNGE SIOW JWUEddq $389 aurpreg
“ToAe] pardures o3 ojur asu
j0U pIp 10 Yues s880 1oy 10 ‘ydop 138218 3¢ poumeds
19U 0Fuoq ay3 Aq pajdwes sypdap w (g0 oI UM
punoy A[ewrIou ysy ‘sI1oAe] 98NS WLILA [YIA JeY) ST A3
-[1qussod sapouy “umeds ssop pasnpoid soysy [eso[ Ieys

€6 pue // ssuil Buipnioul pue usamiag Gge L 8ouls paldnooo uieped
8y} ul 09 uonels Buipn|oul pue 0] INO SUOIE}S SI0YSIEsU By} 8Je SUOIEIS 8y|
(wwoo -sied ‘lemisbBoT) Bumsu uoiAu xeUN W GOS0 Yum s1au obuog
paads-ieybiy yum sieak sy} pue (G/—|S61) Slou IS ©zneb Xxxpg yum slou
Buil w | yum sreah sy) 1oy paisnipe ussqg sey (Wil G/ g—WW g) seAle) axey
JO uoISnIIX3 "866 | PUB /66| 40} Blep Juasaidal sieq yiep ay| Jesk yoes 10}
pajesdas aie pue (ejep Juaoal Buipnjoul) sebessae wiel-Buo| Jussaides sieq
1EB|2 8Y] '8661 PUB /66| J0) SBAIE| )Y JO S81as awyl 8yl g a.nbig

8661 L1661
N S r 4] W N S r W N r
L

m[l ‘IO

| — ]

Zuol/eBAIE]

ooz
oeAleT |lews aeH

008

'£6 PUB // Saul| Bulpnjou| pue ussmiag G861 aouls
paidnooo wshed ayr ul 0g uollels Buipnioul pue o} IN0 SUOHE)S BIoySIeaU
8y} ate suolels ay] “('wwod “siad ‘|lemiabbo) Buisu uojAu XN Ww 5060
Lum sjeu obuoq pasds-1aybiy yum sieak syl pue (G/—1G6 1) Siou yis ezneb
XXXQE ylm stau Bull W | yum sieak ay) oy pajsnipe usaq sey sbbe Aroyoue
JO UOISNIIXT "866 1 PUB /66 10} BlEp Juasaidal sieq suep ay) “Jesk yoes 1o}
pejeada) aie pue (erep jusdss Buipnjour) ssbesaae wisl-Buol Juesaidal sieq

JeaJ0 8y ‘8661 Pue /66} J0) sBBs Arouysue jo saues swn 8yl Qg 8inbi4
8661 £661
N S r W W r‘LJ N S r W [}] r o
| 1] I_| I “ ug U] I
000k
0002
oooe 1
«Q
£
. ooor £
- oo0s
H H 000
sbb3 Anoyouy
0002

‘€6 pue 2/ saul| Buipnoul pue ussmiaq g6 | aouls paid
-No00 uislied syj Ul g9 uonels Bulpnjoul pue o} INo SUOIIRIS BI0YSIBaU U} aJe
suofels 8] "866| pue /66| Joj Blep Juasaidal sieq sep au| “esh yoes Joj
peresda. a/e pue (elep jusdal Buipnoul) sebeioae wiel-buol Jusssidal sieq
1esjd oyl '8661 pue /661 10} sBBs sulpies jo sauss swi) 8yl ‘62 anbi4

8661 L661
N s r w =W r N S r W W r 0
" FUFT™ T TP
Hos
- 00t
Host
m
qooz 8§
£
Hose i
 00e
- oce
sbb63 suipies 1000
o5y

6661 '0F "|oA “"doy I4ODIPD
6661-846 1 'INTHIND VINYOAIMYD IHL 1TV 13 QIVMAVH



HAYWARD ET AL.: THE CALIFORNIA CURRENT, 1998-1999
CalCOFI Rep., Vol. 40, 1999

Line 87
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Figure 32. Optical plankton counter (OPC) data for line 87. Shown is particle concentration (particles liter™") for small (0.266-0.722 mm ESD, ieft panels), medi-
um (0.722-2.38 mm ESD, center panels), and large (2.38-14.0 mm ESD, right panels) particles for four cruises (indicated at right). For each panel, particle con-
centration is shown in relation to distance offshore and depth. The number at the top of each column of panels is the mean particle concentration for all four cruis-
es for the respective particle size class. The number in the lower right corner of each panel is the mean particle concentration within each cruise for the respective
size class. The shaded regions in the panels represent particle concentrations greater than the mean concentration for all cruises for the respective size class.

0 200 400

sponding to (a) particles smaller than quantitatively re-
tained by the CalCOFI 505 micron mesh bongo net
(small: 0.266—0.722 mm ESD); (b) most copepods and
smaller zooplankters quantitatively retained in the
CalCOFI bongo net (medium: 0.722-2.38 mm ESD);
and (c) large organisms, e.g., euphausiids (large: 2.38-14.0
mm ESD). The mean concentration (particles liter ')
has been computed for each size class over all cruises
and within each cruise (fig. 32). Regions within each
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cruise where particle concentration was greater than the
average for all cruises are also shown in fig. 32 for each
size class.

These data are too few to make inferences about in-
terannual variability of the zooplankton in the California
Current. But they do indicate the potential of the OPC
for addressing this and the larger objective stated above.
For example, the distribution and abundance of most
(small and medium) particles show surface maxima. Table 2
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Figure 34. Relative abundance of the four most numerous bird species dur-
ing El Nifio (1997-98) and La Nifia (1998-99) conditions. Relative abun-
dance was computed by dividing the number of individuals of a given species
by the total number of seabirds sighted during each cruise. BLKI: biack-
legged kittiwake; BVSH: black-vented shearwater; COPT: Cook’s petrel;
PFSH: pink-footed shearwater; PHAL: red and red-necked phalaropes;
SOSH: sooty shearwater; SUSC: surf scoter; WEGU: western gull.

to soar beyond its long-term seasonal mean for the first
time since 1992 (fig. 33). Similarly, the spring avifauna
switched from one dominated by Cook’s petrels
(Pterodroma cooki) in 1998 to one dominated by sooty
shearwaters and black-legged kittiwakes (Rissa brevirostris)
in 1999. While the former is a subtropical seabird most
abundant in central Pacific and transition zone waters
(Wahl et al. 1989), the shearwater and kittiwake are sub-
arctic species whose abundance off California peaks dur-
ing years of cool ocean temperatures (Ainley 1976; Veit
et al. 1996).

Additionally, surveys revealed that total bird abun-
dance during 1998-99 consistently surpassed the levels
observed during the 1997-98 El Nino (fig. 34). There
were concomitant increases in the abundance of the dom-
inant coastal and pelagic species in fall (fig. 33A) and
spring (fig. 33B), though total seabird abundance in-
creased only in spring. It is likely that the emigration
of warm-water species in response to cooling conditions
caused the decline in total bird abundance in the fall of
1998. This initial decline was offset by the arrival of far-
ranging subarctic species during winter and spring.

A preliminary interpretation of these patterns is that
shifts in water mass boundaries and large-scale pro-
ductivity patterns driven by La Nifia forcing probably
affected seabird distributions off southern California
(Ainley 1976; Veit et al. 1996). 1t is very likely that far-
ranging subarctic species migrated into the CalCOFI re-
gion in response to cooling ocean temperatures and
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increased chlorophyll, while subtropical seabirds shifted
their distributions to the south and west. It is unclear,
however, whether the 1998-99 La Nina will aftect long- {
term seabird abundance in the CalCOFI region. Years
of high upwelling enhance the breeding success of res-
ident seabird populations off central California (Ainley
et al. 1995). Yet the demographic effects of these cold-
water episodes on far-ranging visitors such as shearwa-
ters and kittiwakes remain unknown. Moreover, data
indicate that seabird abundance in the CalCOFI region
has continued to decline in recent years, despite sub-
stantial variability in ocean conditions (Hayward et al.
1996; Lynn et al. 1998; Hyrenbach and Veit 1999). This
observation suggests that the long-term association be-
tween seabirds and oceanographic variability off south-
ern California overrides short-term fluctuations driven
by interannual forcing.

The ecosystem observations in the CalCOFI study
area can be related to biological changes in the region
farther to the north. Since 1983, the NMFS/SWEFSC
Tiburon Laboratory has surveyed juvenile rockfish each
spring off central California (36°30'-38°10") to develop
a recruitment index. Present sampling includes ADCP,
CTD, and chlorophyll. The catches of shortbelly rock-
fish and all rockfish juveniles from the May—June 1998
survey were the lowest in the history of the survey. Low
abundances were apparent for other fish and invertebrate
species as well, including normally abundant juvenile
hake, squid, and euphausiids. Numbers of seabirds and
marine mammals were the lowest since 1984. Juvenile
sardines were an exception (Keith Sakuma, Tiburon Lab,
pers. comm.). The upper water column was unusually
warm (12°~15°C) and fresh (salinity of 32-33). Much
of the region was dominated by a lack of upwelling
and the onshore displacement of California Current
water, while high freshwater discharge from the San Fran-
cisco Bay heavily influenced the Gulf of the Farallones.
Chlorophyll levels were extremely low.

Few rockfish larvae were found in early 1999. The
temperature was cool and the upper layer well mixed
compared to previous years. Chlorophyll samples taken
at the subsurface maximum layer were low (max = 1.9
pg 17"). Generally, adult rockfish schools were smaller
in comparison to historical data, which tends to cor-
roborate the declining trend in the survival of juvenile
shortbelly rockfish seen during the last decade. However,
the stomachs of the fish that were collected were full of
euphausiids, and they also had large volumes of mesen-
teric fat. This may lead to increased larval survival this
year (David Woodbury, Tiburon Lab, pers. comm.).

The data from the offshore waters collected on
CalCOFI cruises can also be related to events in south-
ern California kelp forest communities. Forests of giant
kelp (Macrocystis pyrifera) in southern California are highly
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the pattern was completed over one annual cycle every
third year. This change in space-time scale of sampling
was based upon the observation that the low-frequency
signal is spatially coherent over large spatial scales (Chelton
et al. 1982), and upon the need to better resolve sea-
sonal and interannual variability. The suite of proper-
ties which were routinely measured was also increased
in 1985 to include nutrients, chlorophyll, and primary
production as “core” measurements. Additional proper-
ties have been added in recent years. This change in
the scale of sampling has been successful in that the pres-
ent pattern does a better job of resolving interannual and
seasonal variability. But it can be seen from figures 17,
18, and 26 that the quarterly cruises still do not suffi-
ciently resolve the annual cycle. Annual averages may be
biased by hitting or missing what may be a sharp peak,
especially during the period of rapid change in biolog-
ical structure during spring and early summer. CalCOFI
scientists are exploring approaches to additional cruises,
possibly using continuous sampling technology, in order
to better resolve the annual cycle.

CalCOFI researchers have observed (data not shown)
that the spawning range of the sardine is expanding to
the north. This expansion may be related to increases in
the sardine population and changes in physical structure
and circulation patterns related to El Nifio. The need to
sample, at least, the abundance of fish eggs in the region
north of the present survey area led CalCOFI to con-
sider the value of sampling three additional lines north
of the normal pattern by using continuous sampling tech-
nology (CUFES, CUDLS—CalCOFI underway data
logging system, and ADCP). This approach has the ad-
vantage of obtaining the most critical information at the
least cost in ship and technician time. Its drawback is the
lack of subsurface physical information, except ADCP,
and CalCOFI researchers are exploring additional ap-
proaches to make up for this (e.g., seasoar or free-fall
CTD systems, which can be deployed from a moving
ship). The CalCOFTI interest in sampling in the central
California region coincides with renewed interest in
ocean observing programs by U.S. GLOBEC and other
large oceanographic programs.

The theme of applying new technological approaches
to address longstanding questions is capturing increas-
ing interest within CalCOFI as well as at the national
and international levels. New technologies have the po-
tential to provide new types of information (e.g., CUFES
or OPC) or a more efficient way to gather the same type
of information that is already being collected (e.g., re-
placement of Nansen bottle casts with CTD or seasoar
profiles). When methodologies change, CalCOFI has
generally been very conservative in its approach to im-
plementing them in order to ensure the continuity of
the time series. Detection of long-term trends requires
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that data sets be taken with comparable techniques.
However, new technologies—especially those such as
OPC, ADCP, and CUFES, which do not require addi-
tional station time—have great potential. CalCOFI re-
searchers will continue to evaluate the design of the
sample program to provide the best and most efficient
approach to meeting information needs. The perception
of the value of specific observations may also change as
new understanding is gained. Such new understanding
may also lead to changes in programmatic priorities.
CalCOFI has encouraged participation by a wide range
of cooperative research projects, thus providing a cost-
effective opportunity for the development of new tech-
nologies and an opportunity to evaluate the operational
value of new information.

In addition to supporting the basic programmatic ob-
jectives of CalCOFI, the observations gathered in the
time-series program have great value for a broad range
of other uses. Although meeting the core objectives of
CalCOFI must take precedence in setting priorities for
alternative sampling schemes, CalCOFI can share its
time-series observations with other programs and would
like to see such programs expand. There is renewed in-
terest at the state, national, and international levels in
ocean observing systems. The coastal ocean is highlighted
as a region needing special attention. CalCOFI, due to
its long historical record and the broad suite of proper-
ties which have been measured, will be an important
component of an integrated observing system. The
CalCOFI data have great potential value for supporting
more broad policy and management objectives than
the fisheries oceanography objectives that are central to
CalCOFI. However, the use of the data may not reach
its full potential because the data products developed in
support of CalCOFI objectives may not be sufticiently
focused to meet information needs in other policy and
management areas. This is also an area in which CalCOFI
would like to grow in the future.

Management and policy issues can be considered on
at least two space-time scales. The first is the regional
and local areas which are included within the CalCOFI
survey area. CalCOFI is continuing to expand its col-
laboration with research programs focusing on kelp for-
est and “nearshore” ecosystems. One challenge here is
for CalCOFI to make better use of the higher-frequency
data collected at coastal buoy and shore station sites (e.g.,
figs. 5, 6, 8, 9, and 35), and, in turn, learning to what
extent the findings of CalCOFI apply to these other
ecosystems. The nature of the scientific and manage-
ment issues differs to some extent in the nearcoastal re-
gion, and additional work will have to be done in order
to directly apply CalCOFI observations to management
and policy needs. There is more of an emphasis on ecosys-
tem management and the processes occuring at the land-
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