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Abstract Studies of the impact of El Niño periods on
marine species have usually focused on negative, highly
visible eVects, e.g., decreasing growth rates or increasing
mortality due to a decline in primary productivity in typi-
cally nutrient rich upwelling zones; but positive eVects
related to elevated water temperature are also known. This
study examined how the growth rate of juvenile white sea-
bass, Atractoscion nobilis, responded to changes in ocean
temperature in an El Niño period (1997–1998) in the north-
ern portion of the Southern California Bight, USA. Growth
rates of juvenile white seabass during their Wrst 4 years of
life were estimated as the slopes of linear relationships
between body mass and age (from otoliths) of 800 Wsh col-
lected at 11 stations throughout the bight. Growth rates
diVered signiWcantly among cohorts hatched in 1996–2001.
SpeciWcally, white seabass that hatched in 1996 and 1997
grew signiWcantly faster than those that hatched in 1998,

1999, and 2001. These diVerences in growth rates of
cohorts appeared to be driven by variation in sea-surface
temperature (SST). Growth rates averaged over the Wrst
three or 4 years of life were signiWcantly positively corre-
lated to average daily SST during the Wrst 1–4 years of life.
Increased growth of juvenile white seabass during the
warm El Niño period likely provided a number of beneWts
to this warm-temperate species. This study demonstrated
that some species will beneWt from these warm-water peri-
ods despite reduced system-wide primary production.

Introduction

Factors that aVect growth rates of Wshes can have important
impacts on population dynamics, for example, via eVects of
size on mortality, age at Wrst maturity, and fecundity.
Slower than usual growth can increase mortality by pro-
longing the period that young Wsh are susceptible to preda-
tion, as susceptibility is typically size-dependent (PWster
1997; Sogard 1997; Carr and Syms 2006). Similarly, fac-
tors that slow growth can reduce reproductive output
because fecundity is usually strongly size-dependent
(Weatherly 1972). Elevated sea-surface temperatures (SST)
raise the metabolism of Wshes, which can in turn increase
growth rates if suYcient food is available (Schmidt-Nielsen
1984; Gillooly et al. 2002; Brown et al. 2004) and tempera-
tures do not rise above species-speciWc thermal windows
(Pörtner 2002; Pörtner and Knust 2007).

SigniWcant positive correlations between growth and
SST have been detected in a variety of marine Wshes
(Brander 1995; Lehodey and Granperrin 1996; Anderson
and Dalley 2000; Môllmann et al. 2005), but studies of
strong El Niño periods have generally documented highly
visible, negative eVects of temporary warm-water conditions
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on populations of temperate Wshes and their food sources.
Areas of the eastern PaciWc Ocean aVected by El Niño con-
ditions have shown a marked decline in Wsh abundance at
all trophic levels (Guillén et al. 1971; Bakun and Parrish
1982), as well as reductions in growth rates and reproduc-
tive success (Barber and Chavez 1983; Chavez et al. 2002).
Low nutrient levels in warmer surface waters cause a
decline in primary productivity, which apparently results in
a shortage of food throughout the food web. This lack of
food can have major consequences. For example, a mass
die oV of the orangemouth corvina, Cynoscion xanthulus,
oV northern Perú was attributed to starvation during
El Niño conditions (Valdevia et al. 1983). Studying the
impacts of El Niño conditions may give us insight into the
expected eVects of longer-term global warming trends.

During El Niño periods in southern California, USA,
nutrient and primary productivity levels decline (Chavez
et al. 2002). Coupled with strong storms, which uproot
giant kelp (Macrocystis pyrifera) holdfasts (Dayton et al.
1998), there is usually a signiWcant decline in the abun-
dance of giant kelp (Grove et al. 2002), a major habitat for
Wsh and invertebrates (Dayton et al. 1998; Stephens Jr et al.
2006). The 1997–98 El Niño was a particularly strong
period (Chavez et al. 2002) that caused major physical,
chemical, and biological changes along the southern Cali-
fornia coast. From May 1997 to March 1998, SST was 2–
4°C higher than average. During the La Niña period of May
1998 through August 2000, SST was 0–3°C below normal
(Fig. 1). These signiWcant temperature variations provided
an excellent opportunity to test the eVects of temperature on
growth.

We studied the eVects of SST during 1996–2004 on
growth rates of the white seabass, Atractoscion nobilis.
This species is the largest croaker (family Sciaenidae) in

California waters, reaching lengths of 1.5 m and weights of
40 kg (Miller and Lea 1972; Eschmeyer et al. 1983). Maxi-
mum longevity is about 25 years (J. Williams et al., unpub-
lished data); and maturity is reached after about 4 years
(Clark 1930; Thomas 1968). Spawning in southern Califor-
nia occurs from March to September with a peak in June
(Donohoe 1997). The range of the white seabass typically
extends from Bahía Magdelena, Mexico to Point Concep-
tion California, though in warmer years individuals have
been caught as far north as Juneau, Alaska (Miller and Lea
1972; Vojkovich and Reed 1983; Eschmeyer et al. 1983).
This species normally occupies water ranging in tempera-
ture from 13 to 21°C (M. Steele, personal observations).
Adults are often found in kelp beds or over rocky reefs up
to 120 m depth, while juveniles settle in bays and among
algal debris along sandy beaches (Allen and Franklin 1988;
1992; Eschmeyer et al. 1983). It is an important commer-
cial and recreational species (Vojkovich and Reed 1983).
The commercial catch of white seabass began decreasing in
the early 1900s (Skogsberg 1939; Methot 1983; Collins
1981), and the sport catch began to decline from a peak
catch of 64,000 individuals in 1949 to only 284 in 1978, but
has since returned to levels above 11,000 Wsh captured per
year (Thomas 1968; Vojkovich and Reed 1983; Vojkovich
and Crooke 2001). The decline in landings has generally
been attributed to over-Wshing (Thomas 1968; Vojkovich
and Reed 1983; Sherman and Alexander 1986). Despite
being an economically important species and concerns over
the apparent population decline, no studies on the life his-
tory of white seabass >1 year old have been conducted
since Thomas (1968). The current study tested the hypothe-
sis that growth rates of juvenile (<5 year old) white seabass
in the Southern California Bight were aVected by elevated
SST (or correlated changes) caused by El Niño conditions.

Materials and methods

Field collection

Juvenile white seabass were captured within the northern
portion of the Southern California Bight in April, June,
August, and October from 1995 to 2004. A total of ten sta-
tions, eight in nearshore coastal waters, and two in embay-
ments, were sampled each year. The stations were located
oV the coast of Santa Barbara, Ventura, Malibu, Marina del
Rey, Palos Verdes, Seal Beach, Newport Beach, Santa
Catalina East, Santa Catalina West, and Catalina Harbor
(Fig. 2). In the summers of 2000 and 2001 an 11th station
was sampled at Santa Cruz Island.

ScientiWc gill nets were used to sample the juvenile
white seabass as in Pondella and Allen (2000). Nets were
45.7 m in length and 2.4 m in depth and included six 7.6-m

Fig. 1 Monthly SST anomalies from 1996–2004 compared to average
monthly sea-surface temperatures from 1955–2004. Data are mean
values of temperatures oV Newport Beach, CA and Santa Barbara, CA.
Data were obtained from Southern California Ocean Observing Sys-
tem (http://www.scoos.org/)
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panels with two panels for each of the three square mesh
sizes: 25.4, 38.2, and 50.8 mm. These small mesh sizes tar-
geted juveniles and few adults were captured. At all coastal
sites, eight gill nets were set in the same locations for each
sampling eVort and included both sand/rock and reef/kelp
habitats. Nets were set perpendicular to shore or to the kelp
forest edge in water depths of 5–14 m. In embayments, six
gill nets were set in a minimum depth of 2.5 m. Each net
was deployed near sunset and left overnight until retrieval
within a few hours after sunrise.

Each of the 6,777 white seabass captured was measured
to the nearest millimeter (SL and TL), weighed (§10 g),
and its sagittal otoliths were removed, cleaned, and stored
in coin envelopes. For this study, 100 Wsh were randomly
selected from each sampling year from 1997 to 2004 for a
total of 800. Samples from 1995 and 1996 were either not
available or did not include adequate numbers for the pres-
ent study. Fish with missing or broken otoliths were
excluded, as were Wsh lacking measurements of body mass.
Although hatchery produced white seabass were present in
the study area (and identiWed by a coded wire tag), we stud-
ied only wild individuals.

Otolith preparation

The sagittal otolith in the best condition (i.e., unbroken) for
each Wsh was used for measurement and aging. The length
and width of each otolith was recorded (§0.01 mm) using
digital calipers and each otolith was weighed (§0.0001 g)
on an analytical balance. Otoliths were then mounted indi-
vidually on wood blocks using cyanoacrylate glue and sec-
tioned through the focus using a Buehler-Isomet low speed
saw with two 0.3-mm diamond wafering blades separated
with an acetate spacer to create a 0.75-mm transverse

section. Sections were removed from the wood block and
stored dry in 1.5-ml microcentrifuge tubes. Both sides of
each section were sanded wet using 400-grit waterproof
sandpaper until the section was approximately 0.5 mm
thick. The section was then brieXy polished using 600-grit
waterproof sandpaper. Polished otolith sections were sub-
merged in mineral oil on a depression slide and viewed at
40£ magniWcation under an Olympus BH-2 compound
microscope using transmitted light. The transmitted light
produced dark opaque areas and light translucent areas
(Fig. 3).

Aging and validation

The age of each Wsh was estimated by counting each com-
plete pair of opaque and translucent bands (annuli), which
were most easily viewed on secondary primordia. Edge
analysis was performed on each otolith by determining
whether the outer edge of each section was opaque or trans-
lucent to the transmitted light. The edge analysis was used
to validate the age estimates by testing for annual formation
of opaque growth zones. To account for the growth of the
white seabass during the sampling season, the month of
capture was added to the year class. For example, a year
class II Wsh captured in August would be considered to be
age 2.58 (assuming a 1 January hatch date).

Fig. 2 Study area showing ten stations sampled from 1997–2004 and
a supplementary station at Santa Cruz Island that was sampled only in
2000 and 2001. MDR Marina del Rey, CH Catalina Harbor

Fig. 3 Cross-section of an otolith of a white seabass estimated to be
2.42 years old, viewed under a compound microscope at £40 magniW-
cation. Full bipartite annuli (pairs of dark, opaque, and light, translu-
cent bands) are labeled with black lines. This Wsh was captured in June
1997 at the Malibu station
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Each otolith was read two to three times to agreement.
Second and third readings were done “blind” (i.e., without
knowledge of the prior reading) at least 1 month after the
initial reading. The Wrst reading was performed on a com-
pound microscope at 40£ magniWcation, whereas the sec-
ond reading was done from digital photographs taken
through the ocular of the microscope using an Olympus
Stylus 500 digital camera. In cases of disagreement, the
otolith was viewed a third time under the compound micro-
scope where agreement was reached for all samples.

Statistical analyses

The growth rate of each cohort was estimated as the slope
of a linear relationship between mass and age using ordi-
nary least squares linear regression. Six statistical outliers
(as identiWed by Systat 11) were excluded from these and
other analyses. These outliers most likely resulted from
incorrect measurements or recording errors. Fewer than 2%
of the white seabass were determined to be 5 years older,
and therefore only Wsh younger than Wve were used in the
analyses. Additionally, Wsh that had hatched before 1996 or
after 2001 were excluded from analysis because less than 3
years of their growth history was available. In total, 625
samples that were determined to have hatch years between
1996 and 2001 and were younger than 5 years were used
for the analyses of mass at age.

Analysis of covariance (ANCOVA) was used to deter-
mine whether growth rates (slopes) diVered among diVerent
cohorts (hatch years). Pairwise diVerences in growth rates
between cohorts were tested by a separate ANCOVA for
each pair of cohorts, which included only those two cohorts
and age in the model. To account for experimentwise error
rate in multiple comparisons, signiWcance levels were
adjusted to ! = 0.003 using the Bonferroni method (Sokal
and Rohlf 2001). The data met the assumptions of normal-
ity and homogeneity of variances.

To determine whether water temperature aVected growth
rates of the six cohorts, we evaluated whether the growth
rate (slope of the relationship between mass and age) of
each cohort was related to the water temperature experi-
enced by it. The average temperature from the end of one
sampling season to the end of the next was estimated as the
mean of average daily temperatures taken from Newport
Bay and Santa Barbara, California (Fig. 1) from November
through October of each year. In addition to single-year
means, mean temperatures for 2, 3, and 4-year spans were
tested for correlation with growth rates for all hatch years
over 1, 2, 3, and 4 years of growth to test whether growth of
juvenile white seabass was correlated with SST and for
how long the signiWcant growth and temperature relation-
ship existed.

Results

Annuli (bipartite bands) appeared to be formed once a year.
Otolith edge analysis showed that otoliths with opaque
edges occurred most frequently in August with the lowest
incidence occurring in April (Supplementary Figure 1).
Further supporting the interpretation that annuli represented
accurately recorded age, otolith width was signiWcantly lin-
early related to age (r2 = 0.70, P < 0.01), as was otolith
length (r2 = 0.78, P < 0.01), and otolith mass (r2 = 0.79,
P < 0.01) (Fig. 4).

Growth rates for each cohort (hatch year) ranged
between 310.9 g year¡1 (hatch year 1998) and 526.7 g
year¡1 (hatch year 1996), with statistically signiWcant linear
regressions for every cohort (r2 range = 0.62–0.86,
P < 0.01; Fig. 5). Growth rates diVered signiWcantly among
cohorts (ANCOVA; P < 0.001; Table 1), with white sea-
bass that hatched in 1996 having a signiWcantly higher
growth rate than white seabass that hatched in 1998
(P < 0.001), 2000 (P < 0.001), and 2001 (P < 0.001)
(Table 2). Growth rates also diVered signiWcantly between
1997 and 1998 (P < 0.001), 1997 and 2001 (P = 0.003),
1998 and 1999 (P = 0.001), and 1998 and 2000 (P = 0.001).
Though the diVerence in the slope coeYcients from 1996
and 1999 was wider than the diVerence between 1996 and
2000, it was not statistically signiWcant. This is likely due to
poor precision of the slope estimate for the 1999 cohort due
to low sample size (45) relative to other cohorts (e.g.,
n = 141 for the 2000 cohort).

Water temperature appeared to have a positive eVect on
growth rates of juvenile white seabass. Growth rate over
the Wrst 3 years of life was signiWcantly positively corre-
lated with mean SST during the Wrst year of life (r = 0.73,
P = 0.05), the Wrst 2 years of life (r = 0.76, P = 0.04), and

Fig. 4 Relationships between otolith width (mm), length (mm), and
mass (g), and age of juvenile white seabass
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the Wrst 3 years of life (r = 0.74, P = 0.04) (Fig. 6). Growth
rate over the Wrst 4 years of life was signiWcantly correlated
with mean SST during the Wrst year of life (r = 0.82,
P = 0.04), the Wrst 2 years of life (r = 0.85, P = 0.03), the
Wrst 3 years of life, and the Wrst 4 years of life (r = 0.96,
P < 0.01). Temperatures experienced during the Wrst full
year or Wrst 2 years of life, however, did not correlate with
growth over the Wrst full year or Wrst 2 years.

Discussion

Cohorts of juvenile white seabass that hatched between
1996 and 2001 grew at signiWcantly diVerent rates, and
these diVerences appeared to be related to water tempera-
ture, with faster growth during warm periods. Although this
pattern was statistically detectable over 3–4 years of growth
history, it was not evident over the Wrst 1–2 years of life.
This lack of correlation between growth and water tempera-
ture early in life is most likely a methodological problem
attributable to the small number of samples and wide range
of sizes and ages (due to a 6-month long spawning period)
during this brief portion of the lifespan. For example,
because we could only age Wsh to the nearest year, an indi-
vidual that hatched in April would be assigned the same age
as one that hatched in September, and if both were caught
in August of the following year they would be assigned the
same age (1.7), even though one had much more time to
grow. The relative magnitude of such errors declines with
age.

Our Wnding of increased growth of white seabass with
elevated water temperature is similar to Wndings of studies
on Atlantic cod (Brander 1995; Anderson and Dalley 2000;
Pörtner et al. 2001; Swain et al. 2003; Drinkwater 2005;
Rätz and Lloret 2005) and alfonsino (Beryx splendens)
(Lehodey and Granperrin 1996), but contrasts with the Wnd-
ings of studies on PaciWc mackerel (Watanabe and Yatsu
2004). Variable eVects of elevated water temperatures on
growth of Wshes are to be expected because of the interplay
between eVects of water temperature on rates of tissue syn-
thesis and metabolism, and the association between water
temperature and nutrient concentrations. Over the range of
temperatures normally encountered during natural warm-
water periods, increasing water temperatures will likely
increase the rate at which new tissues can be synthesized,
but increased growth will only be realized if food is suY-
ciently abundant to outweigh increased metabolic costs
incurred at warmer temperatures (Brett et al. 1969) and spe-
cies-speciWc thermal maxima are not exceeded (Pörtner
2002; Takasuka and Aoki 2006; Pörtner and Knust 2007).
If food is a limited resource and its abundance does not
increase with climbing water temperatures, growth rates
will decline.

Warmer water tends to have lower concentrations of
nutrients and oxygen, and lower primary production (Bar-
ber and Chavez 1983; Chavez et al. 2002). This reduced
primary productivity can negatively aVect food webs from
the bottom up (Ware and Thomson 2005). OV the coast of
Perú and in the Galápagos Islands, the warm water in
1973 and 1983 caused near local extinction of Peruvian
anchovy (Engraulis ringens) and jack mackerel (Trachu-
rus symmetricus), whereas PaciWc sardine (Sardinops
sagax), a species with an aYnity for warm water,

Fig. 5 Mass (g) at age for six cohorts (hatch year) of juvenile white
seabass. For clarity, each point is the mean mass of all Wsh captured in
a month (§SE), but regression equations were Wt using the mass and
age of each individual

Table 1 Results of analysis of covariance testing for eVects of age and
cohort (hatch year) on body mass of juvenile white seabass

The interaction term tests whether growth rates (slope of the relation-
ship between mass and age) diVered among cohorts hatching in diVer-
ent years

Source SS dF MS F-ratio P-value

Age 7.10 £ 107 1 7.10 £ 107 1,549.9 <0.001

Hatch year 2.2 £ 106 5 4.3 £ 105 9.567 <0.001

Hatch year £ age 2.4 £ 106 5 4.8 £ 105 10.475 <0.001

Error 2.8 £ 107 606 45,834

Table 2 P-values of multiple pairwise comparisons of growth rates
among cohorts for the hatch years 1996–2001

* SigniWcant diVerences at ! = 0.003 (Bonferroni correction)

Hatch year 1996 1997 1998 1999 2000

1997 0.085 – – – –

1998 <0.001* <0.001* – – –

1999 0.004 0.255 0.001* – –

2000 <0.001* 0.059 0.001* 0.967 –

2001 <0.001* 0.003* 0.461 0.070 0.043
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migrated toward higher latitudes (Barber and Chavez
1983). A similar situation occurred along the California
coast with PaciWc mackerel (Sinclair et al. 1985), jack
mackerel, PaciWc sardine, and northern anchovy (E. mor-
dax) during the 1997–1998 El Niño period (Chavez et al.
2002).

This investigation is the Wrst to show temperature-depen-
dent growth rates for a nearshore Wsh species in the eastern
PaciWc. Positive temperature-dependent growth rates in
juvenile white seabass suggest that during years when local
ocean temperatures were elevated, metabolic rate was ele-
vated and food was suYciently abundant to meet the ele-
vated metabolic demands. This Wnding comes as somewhat
of a surprise because a sharp decrease was detected in the
population sizes of rocky reef Wshes (Holbrook et al. 1997)
and market squid (Loligo opalescens) (Reiss et al. 2004) in
the Southern California Bight during warm-water periods.
Given the general decline in Wsh abundance in the Bight
during warm-water periods, it seems likely that prey of
the piscivorous white seabass declined in abundance dur-
ing the warm-water periods when white seabass grew
rapidly. The Wnding of increased growth rates during these
warm periods implies that juvenile white seabass were not
food limited and most likely preyed upon increased num-
bers of PaciWc mackerel and PaciWc sardine as alternative
prey items.

Increased growth of juvenile white seabass during
warm-water periods could also be explained by declines in
population densities during these periods, reducing compe-
tition for food. This possibility seems unlikely because the
catch of juvenile white seabass in our gill net sampling pro-
gram increased during to the 1997–1998 El Niño (Allen
et al., unpublished data), implying that if anything, compe-
tition for food should have been more severe. The mecha-
nisms underlying this population increase are unknown, but
may include enhanced northward transport of larvae
spawned oV Baja California, enhanced local reproductive
success, or improved larval and juvenile survival during
warm-water periods. For example, juvenile survival may
have been enhanced for large, fast-growing juveniles by
reduced risk of predation (Margulies 1989; Sogard 1997) or
access to a wider range of food sources. In general, white
seabass of all ages are more abundant in southern Califor-
nia during El Niño periods (Dayton et al. 1998). While
previous work on the eVects of El Niño on marine commu-
nities has focused primarily on the negative eVects of these
periods, this study highlights the point that the impacts of
these and similar climate changes are complex and likely
species and area speciWc.

Acknowledgments This manuscript beneWted from the comments of
R.E. Espinoza, M.P. Franklin, and three anonymous reviewers. This

Fig. 6 Growth rate versus mean 
annual water temperature for 
growth over 1–4 years of life and 
water temperature averaged over 
1–4 years of life. Each point rep-
resents the growth rate (slope of 
the relationship between mass 
and age) of a cohort (hatch year) 
of juvenile white seabass. Note: 
temperature scales diVer 
between columns of graphs



Mar Biol (2007) 152:193–200 199

123

work was conducted by the Nearshore Marine Fish Research Program
of California State University, Northridge and the Vantuna Research
Group of Occidental College under contract to the Ocean Resources
and Enhancement Hatchery Program of the California Department of
Fish and Game. Additional funding was provided by the OYce of
Graduate Studies at California State University, Northridge. We thank
J.B. Lindsay of the National Marine Fisheries Service for valuable data
and information. We also thank the many graduate and undergraduate
students who helped with this work, especially E.F. Miller, J.T. Fro-
eschke, J.R. Cobb, and B.M. Haggin, and we thank the crews of the
R.V. YellowWn and R.V. Vantuna that made this research possible.

References

Allen LG, Franklin MP (1988) Distribution and abundance of young-
of-the-year white seabass (Atractoscion nobilis) in the vicinity
of Long Beach harbor, California, 1984–1987. Cal Fish Game
74:245–248

Allen LG, Franklin MP (1992) Abundance, distribution, and settlement
of young-of-the-year white seabass Atractoscion nobilis in the
Southern California Bight, 1988–89. US Fish Bull 90:633–641

Anderson JT, Dalley EL (2000) Interannual diVerences in hatching
times and growth rates of pelagic juvenile cod in Newfoundland
waters. Fish Res 46:222–238

Bakun A, Parrish RH (1982) Turbulence, transport, and pelagic Wsh in
the California and Peru Current systems. Calif Coop Oceanic Fish
Invest Rep 23:99–112

Barber RT, Chavez FP (1983) Biological consequences of El Niño.
Science 222:1203–1210

Brander KM (1995) The eVect of temperature on growth of Atlantic
cod (Gadus morhua L.). J Mar Sci 52:1–10

Brett JR, Shelbourn JE, Shoop CT (1969) Growth rate and body com-
position of Wngerling sockeye salmon, Oncorhynchus nerka, in
relation to temperature and ration size. J Fish Res Board Can
26:2363–2394

Brown JH, Gillooly JF, Allen AP, Savage VM, West GB (2004) To-
ward a metabolic theory of ecology. Ecology 85:1771–1789

Carr MH, Syms C (2006) Chapter 15: recruitment. In: Allen LG, Horn
MH, Pondella DJ II (eds) The ecology of marine Wshes: California
and adjacent waters. UC Press, Berkeley

Chavez FP, Pennington JT, Castro CG, Ryan JP, Michisaki RP,
Schlining B, Walz P, Buck KR, McFadyen A, Collins CA (2002)
Biological and chemical consequences of the 1997–1998 El Niño
in central California waters. Prog Oceanogr 54:205–232

Clark FN (1930) Size at Wrst maturity of the white seabass (Cynoscion
nobilis). Cal Fish Game 16:319–323

Collins RA (1981) PaciWc coast croaker resources. Mar Rec Fish 6:41–
49

Dayton PK, Tegner MJ, Edwards PB, Riser KL (1998) Sliding base-
lines, ghosts, and reduced expectations in kelp forest communi-
ties. Ecol Appl 8:309–322

Donohoe CJ (1997) Age, growth, distribution, and food habits of re-
cently settled white seabass, Atractoscion nobilis, oV San Diego
County, California. US Fish Bull 95:709–721

Drinkwater KF (2005) The response of Atlantic cod (Gadus morhua)
to future climate change. J Mar Sci 62:1327–1337

Eschmeyer WN, Herald ES, Hammann H (1983) A Weld guide to paci-
Wc coast Wshes of North America. Houghton MiVlin, Boston

Gillooly JF, Brown JH, West GB, Savage VM, Charnov EL (2002)
EVects of size and temperature on metabolic rate. Science
293:2248–2251

Grove RS, Zabloudil K, Norall T, Deysher L (2002) EVects of El Niño
events on natural kelp beds and artiWcial reefs in southern Califor-
nia. J Mar Sci 59:S330–S337

Guillén O, Rojas de Mendiola B, Izaguirre de Rondan R (1971) Primary
productivity and phytoplankton in the Peruvian coastal waters. In:
Costlow JD (ed) Fertility of the sea. Gordon and Breach, New York

Holbrook S, Schmitt R, Stephens J Jr (1997) Changes in an assemblage
of temperate reef Wshes associated with a climate shift. Ecol Appl
7:1299–1310

Lehodey P, Granperrin R (1996) InXuence of temperature and ENSO
events on the growth of the deep demersal Wsh alfonsino, Bevyx
splendens, oV New Caledonia in the western tropical South Paci-
Wc Ocean. Deep Sea Res I 43:9–57

Margulies D (1989) Size-speciWc vulnerability to predation and sen-
sory system development of white seabass, Atractoscion nobilis
larvae. US Fish Bull 87:537–552

Methot R (1983) Management of California’s nearshore Wshes. Rec
Fish 8:161–172

Miller DJ, Lea RN (1972) Guide to coastal marine Wshes of California.
Cal Fish Game Bull 157:1–249

Môllmann C, Kornilovs G, Fetter M, Cöster FW (2005) Climate, zoo-
plankton, and pelagic Wsh growth in the central Baltic Sea. J Mar
Sci 62:1270–1280

PWster CA (1997) Demographic consequences of within-year variation
in recruitment. Mar Ecol Prog Ser 153:229–238

Pondella DJ II, Allen LG (2000) The nearshore Wsh assemblage of San-
ta Catalina Island. In: Browne DR, Mitchell KL, Chaney HW
(eds) The proceedings of the Wfth California Islands symposium.
Santa Barbara Museum of Natural History, Santa Barbara

Pörtner HO (2002) Climate variations and the physiological basis of
temperature dependent biogeography: systemic to molecular hier-
archy of thermal tolerance in animals. Comp Biochem Physiol A
132:739–761

Pörtner HO, Knust R (2007) Climate change aVects marine Wshes through
the oxygen limitation of thermal tolerance. Science 315:95–97

Pörtner HO, Berdal B, Blust R, Brix O, Colosimo A, De Wachter B,
Giuliani A, Johansen T, Fischer T, Knust R, Lannig G, Naevdal
G, Nedenes A, Nyhammer G, Sartoris FJ, Serendero I, Sirabella
P, Thorkildsen S, Zakhartsev M (2001) Climate induced temper-
ature eVects on growth performance, fecundity and recruitment in
marine Wsh: developing a hypothesis for cause and eVect relation-
ships in Atlantic cod (Gadus morhua) and common eelpout
(Zoarces viviparus). Cont Shelf Res 21:1975–1997

Rätz H-J, Lloret J (2005) Long-term variability of growth and recruit-
ment of cod (Gadus morhua) oV Greenland. J Mar Sci 62:1310–
1321

Reiss CS, Maxwell MR, Hunter JR, Henry A (2004) Investigating
environmental eVects on population dynamics of Loligo opales-
cens in the Southern California Bight. Calif Coop Oceanic Fish
Invest Rep 45:87–97

Schmidt-Nielsen K (1984) Scaling: why is animal size so important?
Cambridge University Press, Cambridge

Sherman K, Alexander LM (1986) Variability and management of
large marine ecosystems. Westview Press, Boulder

Sinclair M, Tremblay MJ, Bernal P (1985) El Niño events and variabil-
ity in PaciWc mackerel (Scomber japonicus) survival index: support
for Hjort’s second hypothesis. Can J Fish Aquat Sci 42:602–608

Skogsberg T (1939) The Wshes of the family Sciaenidae (croakers) of
California. Cal Fish Bull 54:62

Sogard SM (1997) Size-selective mortality in the juvenile stage of
teleost Wshes: a review. Bull Mar Sci 60:1129–1157

Sokal RR, Rohlf FJ (2001). Biometry, 3rd edn. WH Freeman and Com-
pany, New York

Stephens JS Jr, Larson RJ, Pondella DJ II (2006) Chapter 9: rocky reefs
and kelp beds. In: Allen LG, Horn MH, Pondella DJ II (eds) The
ecology of marine Wshes: California and adjacent waters. UC
Press, Berkeley

Swain DP, Sinclair AF, Castonguay M, Chouinard GA, Drinkwater
KF, Fanning LP, Clark DS (2003) Density-versus temperature-



200 Mar Biol (2007) 152:193–200

123

dependent growth of Atlantic cod (Gadus morhua) in the Gulf of
St Lawrence and on the Scotian Shelf Fish Res 59:27–341

Takasuka A, Aoki I (2006) Environmental determinants of growth
rates for larval Japanese anchovies (Engraulis japonicus) in
diVerent waters. Fish Oceanogr 15:139–149

Thomas JC (1968) Management of the white seabass (Cynoscion nobi-
lis) in California waters. Cal Fish Bull 142:34

Valdevia J, Jimenez R, Avaria S, Mora O (1983) Informe de la tercera
reunión de comité cientíWco del estudia regional del fenómeno El
Niño. Comisión Permanente del PaciWco Sur, Quito, Ecuador,
1983:11

Vojkovich M, Crooke SJ (2001) White seabass. In: Leet WS, Dewees
CM, Klingbeil R, Larson EJ (eds) California’s living resources: a
status report. Cal Fish Game, Sacramento, pp 206–208

Vojkovich M, Reed RJ (1983) White seabass, Atractoscion nobilis,
in California-Mexican waters: status of the Wshery. Calif Coop
Oceanic Fish Invest Rep 24:79–83

Ware DM, Thomson RE (2005) Bottom-up ecosystem trophic dynam-
ics determine Wsh production in the northeast PaciWc. Science
308:280–1284

Watanabe C, Yatsu A (2004) EVects of density-dependence and sea-
surface temperature on interannual variation in length-at-age of
chub mackerel (Scomber japonicus) in the Kuroshio-Oyashio
area during 1970–1997. US Fish Bull 102:196–206

Weatherly AH (1972) Growth and ecology of Wsh populations. Aca-
demic, London


