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INTRODUCTION

Knowledge of life history characteristics, specifi-
cally patterns of somatic growth within populations,
contributes greatly to fisheries stock assessment. Dif-
ferences in life history parameters have long been
used to identify different fishery stocks (Ihssen et al.
1981, Begg & Waldman 1999, Begg 2005), while esti-
mates of growth parameters drive age-structured

population models (Quinn & Desiro 1999, Haddon
2001, Hilborn & Walters 2001) and often help esti-
mate other related life history characteristics that are
difficult to determine, such as natural mortality
(Hoenig 1983, Charnov 1993). Understanding vari-
ability in life history characteristics in space and time
further helps to determine the proper assessment
model structure as well as address uncertainty in
assessment results.
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variation in growth parameters of splitnose rockfish by latitude using recent data from the NOAA
Fisheries Groundfish Survey (2003–2008), current ageing techniques, and advanced modeling and
statistical methods to provide an updated understanding of growth along this species’ latitudinal
range. Sex-specific age data were fit to a von Bertalanffy growth function incorporating ageing error,
and growth parameters were estimated for 5 areas along the U.S. west coast, specified based on bio-
geographic boundaries. Resampled values of each growth parameter were then fit to linear models,
and Akaike’s information criterion (AIC) was used to evaluate hypotheses for growth parameter rela-
tionship with latitude. We found that splitnose rockfish exhibited a cline in asymptotic length (L∞),
with L∞ increasing with rising latitude. We also found that although the growth coefficient (k) was
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growth in the southern area to oceanographic characteristics and low productivity of the area south
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The splitnose rockfish Sebastes diploproa is one of
more than 60 rockfish species that inhabit the north-
east Pacific Ocean, between the Gulf of Alaska and
central Baja California (Love et al. 2002, Gertseva et al.
2009). It can live up to 100 yr, and a maximum size of
46 cm has been reported (Boehlert 1980, Love et al.
2002). The species occurs at depths between 91 and
795 m, with a notable ontogenetic shift to deeper
waters as they age (Boehlert 1977, 1978). Adults are
most abundant between British Columbia and south-
ern California at depths from 215 to 350 m, where they
are primarily found on low-relief mud fields, often near
isolated rock, cobble, or shell debris (Alverson et al.
1964, Gunderson & Sample 1980, Love et al. 2002,
Gertseva et al. 2009). Individual fish are commonly
found resting on the seafloor, although they occasion-
ally form schools that move more than 100 m up in the
water column (Rogers 1994, Love et al. 2002). Adult
splitnose rockfish movements are not well understood,
but studies suggest that most rockfish species do not
travel large distances (Love et al. 2002).

Splitnose rockfish co-occur with many slope rock-
fishes, including Pacific ocean perch Sebastes alutus,
darkblotched rockfish Sebastes crameri, yellowmouth
rockfish Sebastes reedi, sharpchin rockfish Sebastes
zacentrus, and shortspine thornyhead Sebastolobus
alascanus, along with other groundfish species (Rogers
& Pikitch 1992, Williams & Ralston 2002). Splitnose are
not targeted by commercial fisheries, but have histori-
cally been taken as bycatch in the Pacific ocean perch
fishery (Boehlert 1980, Tagart & Kimura 1982, Rogers
1994, Gertseva et al. 2009) and fisheries for mixed
slope rockfish or other deepwater targets (Gertseva et
al. 2009). Because of their small size, splitnose rockfish
have a limited market and are often discarded (Rogers
1994, Love et al. 2002), with 100% discard mortality
due to barotrauma and other causes. Although split-
nose rockfish is not a targeted species, there has been
concern that it could be overharvested (Rogers 1994),
because several species that co-occur with it—specifi-
cally Pacific ocean perch and darkblotched rockfish—
were assessed and declared overfished (Hamel 2005,
Rogers 2005). To address this concern, a stock assess-
ment of the splitnose rockfish was conducted in 2009
(Gertseva et al. 2009). In order to develop the assess-
ment model, a variety of fishery-dependent and
fishery-independent data was analyzed to reconstruct
historical catches, compute survey abundance indices,
describe selectivity and retention curves, and estimate
key life history parameters.

Many aspects of splitnose rockfish life history have
been studied. It was found that splitnose rockfish
exhibit sexual dimorphism in growth: males grow to
their maximum lengths faster than females, while
females reach larger sizes than males (Boehlert 1980,

Love et al. 2002). Boehlert (1980) described the strong
gradient of body size with depth for splitnose rockfish,
with smaller fish in shallow waters, suggesting ontoge-
netic movements to deeper waters with increasing size
and age (Boehlert 1980). Boehlert & Kappenman
(1980) reported increases in size and size-at-age of
splitnose rockfish with increasing latitude and sug-
gested more rapid growth of fish in the northern end of
their range. They provided several explanations for
their results including the possibility that 2 stocks of
splitnose rockfish might exist in the northeast Pacific
Ocean, with a suggested breakpoint at Cape Mendo-
cino (Fig. 1). Rogers (1994), however, did not find any
distinct differences in size-at-age between north and
south, but there were not enough data and life history
information to address the hypothesis of separate
stocks.

The age of a fish is usually determined from calcified
hard parts, often otoliths, wherein many teleost fish
deposit growth increments as annuli (Bennett et al.
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Fig. 1. Studied area with biogeographic breakpoints at Cape
Blanco, Cape Mendocino, Monterey Bay, and Point Concep-

tion used to define areas for the analysis
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1982, Boehlert 1985, Lai et al. 1995). Two methods
have been used to determine fish age from otoliths:
one is based on counting annuli on the surface of
whole otoliths, and the other entails sectioning them
and counting internal bands (Lai et al. 1995, Love et al.
2002). The former method was common prior to the
late 1980s until research demonstrated significant dif-
ferences among ages estimated by these 2 methods,
especially for older fish. This is primarily because
otoliths thicken with age, which makes it difficult to
distinguish annuli on the surface (Boehlert 1985). For
example, Bennett et al. (1982) compared ages esti-
mated from splitnose rockfish otolith surfaces versus
sections, and found that although the 2 estimates agree
through the first 22 yr, beyond that they diverge signif-
icantly, with otolith sections producing higher age esti-
mates. Bennett et al. (1982) also found that sectioned
otolith age estimates exceeded whole otolith surface
estimates by approximately 50 yr, and age verification
using radiometric analysis, based on the measure-
ments of 210Pb/226Ra radioactive disequilibrium, sup-
ported estimates generated from the sectioning
method.

Most of the previous studies of splitnose rockfish
growth were based on age data estimated from whole
otolith surfaces rather than sections (Boehlert 1980,
Boehlert & Kappenman 1980). Also, previous studies of
growth did not take into account measurement error in
reading otoliths. At the same time, it has been shown
that there is significant variability in age estimates
generated from the same otoliths among readers and
among laboratories (Boehlert & Yoklavich 1984).
Therefore, in the 2009 splitnose rockfish stock assess-
ment, there was a strong need to revisit the results of
previous studies regarding splitnose growth by using
the most recent data, the most current ageing tech-
niques, and advanced modeling methods to fit growth
curves.

Over the last several years, a significant amount of
new data on splitnose rockfish has been collected.
Since 2003 the NOAA Fisheries Groundfish Survey,
conducted by the Northwest Fisheries Science Center
(NWFSC), on the continental shelf and slope of the
northeast Pacific Ocean has collected information on
abundance, sex, size, and age compositions of split-
nose rockfish. For the present study we used these new
data to estimate growth parameters while taking into
account ageing error for both sexes separately in each
of 5 areas along the U.S. west coast, specified based on
biogeographic barriers. We also formulated and
explored specific hypotheses as for how these parame-
ters may vary over the latitudinal range of the species,
including no trend in parameters, a break at Cape
Blanco, Cape Mendocino, Monterey Bay, or Point Con-
ception, as well as a cline in parameters along the

coast. Finally, we provided possible explanations as to
what mechanisms might be responsible for the
observed growth patterns in splitnose rockfish along
the west coast of the United States.

MATERIALS AND METHODS

Size and age data used in the present study were col-
lected during the NOAA Fisheries Groundfish Survey
off the west coast of the United States. The survey has
been conducted annually since 2003 and has consis-
tently covered a latitudinal range between 32° 34’ and
48° 22’ N latitudes and depths of 55 to 1280 m (30 to
700 fm). The survey is conducted from late May to
early October, and is divided into 2 passes, with 2 ves-
sels operating during each pass. The survey is based
on a random-grid design, and 4 vessels per year are
assigned to an approximately equal number of ran-
domly selected grid cells, so that the survey is able to
incorporate vessel-to-vessel differences in catchability.
The survey methods are described in detail in Keller et
al. (2007).

Biological samples (e.g. fish lengths and otoliths),
regularly collected during the survey, comprise the
data used in the present study. Fish lengths were mea-
sured as fork length to the nearest centimeter. Splitnose
rockfish otoliths were collected and then read by agers
from the Ageing Laboratory in the NWFSC Newport
Research Station. Sectioned otoliths were used for age
determination. To enhance readability of the growth
increments, a break-and-burn method was used, when
otoliths are broken in half and the exposed interior
surfaces are charred with a flame (Lai et al. 1995, Love
et al. 2002). Age structures collected by the survey were
first read by a single reader (Reader A). Then, a sub-
sample of 468 otoliths was read again by a second
reader (Reader B) to evaluate uncertainty in reading
otoliths (relative bias and imprecision) (Beamish &
Fournier 1981, Chang 1982, Campana 2001).

The surveyed area was divided into 5 regions based
on potential biogeographic barriers that included Cape
Blanco, Cape Mendocino, Monterey Bay, and Point
Conception (Fig. 1). Point Conception has long been
considered a major oceanographic transition zone
(Parrish et al. 1981, Burton 1998), while recent studies
have suggested that significant barriers to species dis-
tributions may be found near Monterey Bay (Sivasun-
dar & Palumbi 2010), Cape Mendocino (Cope 2004,
Waples et al. 2008, Hyde & Vetter 2009), and Cape
Blanco (Broitman et al. 2008, Johansson et al. 2008).

The von Bertalanffy growth function (von Berta-
lanffy 1938) was used to model the relationship
between length and age of the splitnose rockfish. This
is the most widely applied somatic growth model in
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fisheries, and has been shown to be appropriate for a
number of rockfish species (Quinn & Desiro 1999, Had-
don 2001, Hilborn & Walters 2001, Love et al. 2002).
The equation for the von Bertalanffy relationship
between size, L, and age, t, is given below:

L(t) = L∞(1 – e–k(t – t0)) (1)

where L∞ is the asymptotic length,k is the growth coef-
ficient, commonly used to describe growth rate (the
greater the value of k, the faster the growth), and t0 is
the age at which size is estimated to be 0 (i.e the x-
intercept).

The von Bertalanffy growth function was fitted using
a random effects framework, described by Cope &
Punt (2007), a method that allows explicit incorpora-
tion of ageing error from multiple age reads when esti-
mating von Bertalanffy growth parameters. Growth
models were developed for each of the 5 biogeo-
graphic areas for females and males separately to
account for sexual dimorphism in growth, and mean
and asymptotic standard deviations for each growth
parameter by gender and biogeographic area were
obtained.

We then formulated and explored 6 specific
hypotheses as to the relationship of the von Bertalanffy
growth parameters L∞ and k among biogeographic
areas. These hypotheses included: (1) no trend in para-
meters among areas (1 area hypothesis), (2) parameter
values are significantly different in each of the 5 bio-
geographic regions and a latitudinal cline in parame-
ters is observed (5 areas hypothesis), parameter esti-
mates are different north and south of (3) Cape Blanco,
(4) Cape Mendocino, (5) Monterey Bay, and (6) Point
Conception.

To evaluate competing hypotheses, we employed an
information-theoretic approach (Burnham & Anderson
2002), which is becoming increasingly common in
ecology (Hilborn & Mangel 1997, Hobbs & Hilborn
2006). This approach provides several important
advantages over traditional methods by allowing the
evaluation of multiple hypotheses based on relative
strength of evidence in data and taking into account
uncertainty in the parameters. In order to test for dif-
ferences in L∞ and k across areas, a bivariate normal
distribution was used to generate L∞ and k values
based on the number of individuals and correlations
between parameters for each gender–area combina-
tion. Linear regressions were used to fit the area and
gender specific simulated parameter data to each of
the formulated hypotheses. Akaike’s information crite-
rion (AIC) was then used to select which model fits the
data best (Burnham & Anderson 2002). All analysis
was conducted using R (R Development Core Team
2010).

RESULTS

A map of splitnose rockfish catch density during the
NOAA Fisheries Groundfish Survey (2003–2008) is
shown in Fig. 2. The map indicates a continuous distri-
bution of the species along the coast with no significant
breaks in survey catches. The majority of splitnose
rockfish catch occurs between 183 and 425 m, which is
consistent with previous knowledge of splitnose rock-
fish distribution by depth (Boehlert 1980, Love et al.
2002).

The size of fish caught within the survey ranged
between 4 and 42 cm, while ages ranged between 0
and 103 yr. Comparisons of ages by reader for each
gender are given in Fig. 3. There was no apparent sys-
tematic ageing bias or high random ageing impreci-
sion, and all ages (both single and double reads) were
therefore used to estimate growth parameters and
incorporate ageing error via a random effects model
(Cope & Punt 2007). Von Bertalanffy growth curves
fitted to female and male splitnose rockfish size-at-age
data for each biogeographic area are shown in
Figs. 4 & 5. Growth parameters L∞, k, and t0, along with
their standard deviations, are also provided for each
curve. Figs. 4 & 5 demonstrate that in every biogeo-
graphic area females reach larger asymptotic sizes
than males, while males reach their asymptotic size
faster.

The results of the linear regression model selection
evaluating 6 hypotheses regarding latitudinal variabil-
ity of von Bertalanffy growth parameters L∞ and k by
gender are shown in Fig. 6. Models with the lowest
AIC values are most supported by the data, and mod-
els with AIC differences (ΔAIC) greater than 2 are sig-
nificantly undersupported by the data.

The results indicate strong support for a cline in L∞

for both genders, with the asymptotic length increas-
ing as latitude increases. Conversely, the results
showed no support for a cline in the growth coefficient
k, but instead strong support for a break in k at Mon-
terey Bay (for females) and at Point Conception (for
males), with both genders growing slower in the most
southern areas than along the rest of the coast (Fig. 6).

DISCUSSION

General findings

Our results indicate that over the studied period,
splitnose rockfish exhibited a cline in asymptotic
length, with L∞ increasing with rising latitude. Our
results also indicated the smallest growth coefficient
(k) south of Monterey Bay (females) and south of the
Point Conception (males) with no apparent cline along
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the rest of the coast. A northward cline along the U.S.
west coast has been previously reported in the litera-
ture (Boehlert & Kappenman 1980). Although our
specific conclusions differ from those of Boehlert &
Kappenman (1980), results of the present study and
theirs seem to agree, and therefore a reinterpretation
of their results is warranted. Boehlert & Kappenman
(1980) found that the growth curves for the 3 areas
they studied along the coast (with breaks at 37°07’ and
40°25’N) were significantly different from one another,
using a predictive sampling reuse procedure. Further-
more, they estimated von Bertalanffy growth parame-
ters for each area. Although they reported northward
clines for the splitnose rockfish in both L∞ and k, exam-
ination of their parameter estimates for k reveals no
cline. Their reported trend in L∞, on the other hand,
does follow the northward cline found in the present
study. Therefore, and in agreement with what we have

found, the differences in growth curves observed by
Boehlert & Kappenman are attributed mostly to differ-
ences in L∞, with no trend in the growth coefficient k.

Explaining latitudinal differences in growth
parameters

Over the years several hypotheses have been pro-
posed to explain latitudinal variability in splitnose
rockfish growth. One is based on the assumption that
there are 2 stocks of splitnose rockfish in the waters off
the U.S. west coast at the break at Cape Mendocino
(Boehlert & Kappenman 1980). Such a distinction is not
supported by the comparison of growth parameters
conducted in the present study. Also, although no
genetic data are currently available on stock structure
of the splitnose rockfish (Waples et al. 2008), we fur-
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Fig. 2. Sebastes diploproa. Density of splitnose rockfish catch during the Northwest Fisheries Science Center (NWFSC) 
Groundfish Survey (2003–2008). Three main survey strata are defined by the 30-, 100-, 300- and 700-fathom isobaths
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ther explored the hypothesis of ecological-scale popu-
lation structure using the management unit estimator
(MUE) method of Cope & Punt (2009). This method
uses spatially resolved time series of abundance data
with associated uncertainty to identify groups of areas
with similar population dynamics and thus demon-
strates demographic connectivity. Gertseva et al.
(2009) used abundance indices for each year of the
NOAA Fisheries Groundfish Survey and uncertainty
around these indices (coefficients of variation) esti-
mated for each biogeographic area as inputs into the
MUE. Using a 2-step clustering approach, the areas
were assigned to management units most supported
by the data, and the analysis yielded no evidence of
spatial stock structure for splitnose rockfish off Wash-
ington, Oregon, and California (Gertseva et al. 2009).

Another hypothesis proposed is that intraspecific vari-
ability in splitnose rockfish growth might be caused by
environmental factors, such as temperature and food
availability (Beverton & Holt 1959, Boehlert & Kappen-
man, 1980), with environment affecting both growth
coefficient k and asymptotic length L∞, but not solely L∞,

which we detected most strongly in the present study.
Moreover, the relationship between L∞ and k is often as-
sumed to be inversely proportional (Gallucci & Quinn
1979). Beverton & Holt (1959), for example, suggested
that fish in warmer waters tend to grow faster due to in-
creased metabolic rate (since they are poikilotherms),
but reach smaller sizes than those in cooler water. In
such cases, it has been proposed that differences in
asymptotic length most likely result from higher natural
mortality in organisms with faster growth rate, which
was described for a variety of organisms (Beverton &
Holt 1959, Charnov 1993), so that fish in warmer water
die before reaching the size of fish in cooler waters. Bev-
erton & Holt (1959) also initially suggested that food
availability modifies the asymptotic length only and does
not affect the parameter k, but they later stated that
better supply of food per fish also typically results in an
increased growth rate (Beverton & Holt 1959).

The effect of food availability on fish growth has
been discussed by several authors. Splitnose rockfish
primarily feed on euphausiids (Phillips 1964), but also
eat copepods, sergestid shrimps, and amphipods
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(Brodeur & Pearcy 1984). Although it is extremely dif-
ficult to estimate the amount of euphausiids available
over the geographic range of the splitnose rockfish,
especially relative to fish trophic needs, there have
been attempts to indirectly implicate food availability
through density-dependent mechanisms in order to
explain variability in this species growth parameters
by latitude. For example, Boehlert & Kappenman
(1980) explained their findings of a growth rate cline
(which our results did not support) by suggesting that
in the 1960s the fishing pressure on splitnose rockfish
was much higher in the northern part of the species
range than in the south, due to extensive foreign and

domestic fisheries targeting Pacific ocean perch, the
species that co-occurs with splitnose rockfish in waters
off Washington and Oregon. Even though splitnose
rockfish was not targeted, a significant amount might
have been removed as incidental catch (Boehlert &
Kappenman 1980). The hypothesis was based on the
assumption of higher fishery removals on the north,
but at the time of the study only limited and indirect
information on splitnose rockfish commercial catches
was available.

We addressed this hypothesis by conducting a
detailed historical reconstruction of splitnose rockfish
landings from all available published sources and
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databases, and records of catch species composition
(described in detail in Gertseva et al. 2009). We found
that although splitnose rockfish was often caught inci-
dentally in the Pacific ocean perch fishery, overall the
majority of splitnose rockfish was caught off California
(Fig. 7). Therefore, it is unlikely that growth of split-
nose rockfish would be higher in the north than in the
south due to density-dependent effects caused by
heavy fishery removals off Washington and Oregon.
Dorn (1992) also suggested that since euphausiids are
the principal prey not only for splitnose rockfish and
other Sebastes species, but also support numerous fish

populations of the California Current System, it is
unlikely that changes in the abundance of several
Sebastes species alone could have had a substantial
impact on the overall abundance of euphausiids.

Environmental effects on splitnose rockfish growth
were studied further by Black et al. (2005) and Black
(2009) using crossdating technique from dendrochro-
nology. Crossdating is based on the assumptions that
growth increment width in hard parts, like otoliths, is
limited by some aspect of climate, and since the in-
tensity of this climatic variable fluctuates over regu-
lar time intervals, climate induces covarying growth
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patterns in otolith increment widths much as it does in
tree rings (Black et al. 2005). Black et al. (2005) studied
annual growth increments formed in splitnose rockfish
otoliths collected between Point Conception and Cape
Mendocino (Fig. 1) to estimate fish age, and then cor-
related otolith growth patterns with climate records.
They found that cool ocean conditions and high levels
of upwelling positively affected splitnose growth,
while El Niño events, warm phases of the Pacific
Decadal Oscillation (PDO), and downwelling led to
narrow growth increments in splitnose rockfish. As a
mechanism for the observed pattern, Black et al. (2005)
suggested that warm ocean conditions indicate periods
of low ocean productivity and reduced growth in split-
nose rockfish, while cooler ocean conditions appear to
indicate periods of enhanced productivity, which leads
to increased growth.

Findings of Black et al. (2005) may give clues to rea-
sons for the smaller growth coefficient in the southern
biogeographic areas than in the other biogeographic
areas that we observed. Point Conception (Fig. 1) is a

major oceanographic transition zone that divides the
California coast into 2 regions with very different cir-
culation patterns (Hickey 1998, Blanchette & Gaines
2007). The region north of Point Conception is charac-
terized by strong coastal upwelling that brings cold,
nutrient-rich waters to the surface, and results in both
cold sea surface temperatures and high nutrient con-
centrations along the coast (Caldwell et al. 1986, Hen-
derschott & Winant 1996, Blanchette & Gaines 2007).
The region south of Point Conception is, on the con-
trary, characterized by weak seasonal upwelling and
low productivity (Hickey 1998, Ware & Thomson 2005,
Blanchette & Gaines 2007). Given that splitnose rock-
fish growth was shown to be sensitive to oceano-
graphic conditions and particularly ocean productivity
(Black et al. 2005, Black 2009), fish in the more olig-
otrophic waters south of Point Conception would be
expected to exhibit slower growth compared to those
who occupy waters north of Point Conception with
strong upwelling and periods of enhanced ocean pro-
ductivity. Interestingly enough, for females we
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detected slower growth slightly north of Point Concep-
tion as well, but not for males. Although the mecha-
nisms behind our findings are still to be determined,
our results reveal the need to explore sexual dimor-
phism in rockfish further while studying spatial
aspects of their ecology and life history.

While a slower growth rate in the Point Conception
area in the present study can be attributed to the
oceanographic characteristics of the coast, the cline in
splitnose asymptotic length can be better understood in
relation to fishery removals. The vast majority of com-
mercial fishery removals have occurred in waters off
California (Fig. 7). At the same time, Fig. 2 shows that
the density of survey catches, although somewhat
higher off California, does not grossly differ along the
coast. Differences in selectivity may cause differential
size class removal, so we considered the size composi-
tion of both landed and discarded fish. Although lim-
ited size composition data from landed catches in
Washington and Oregon and of discarded fish were col-
lected, the available data were adequate to conclude
that size frequencies of landed and discarded fish do
not vary significantly by state, and that size frequencies
of catch do not change with latitude (Gertseva et al.
2009). This indicates no evidence of differences in fish-
ery size selectivity, when the southern fishery would
select larger fish than fishery in the north. However,
even though equal in size selectivity, much higher
fishing pressure in the south could skew the size distri-
bution of the population in that region and reduce
southern L∞ survey estimates simply by removing more
large fish (fisheries traditionally focus on larger individ-
uals) relative to the abundance in the south than in the
north, thus producing a latitudinal cline in L∞.

To support the hypothesis of fishery removals, we
present the ratio of landed catch to the relative abun-
dance of splitnose rockfish among west coast states for
the most recent 5 yr, when survey abundance data
were available (Fig. 8). This ratio is a measure of fish-
ing intensity relative to population abundance; the
higher the ratio, the higher the fishing pressure in the
area. We found that even though the estimated abun-
dance of splitnose rockfish was higher off California
during the survey years, the fishing pressure was also
much higher there. These results did not change when
we increased the landed catch by the available discard
estimates from the West Coast Groundfish Observer
program. We do not infer from Fig. 8 that removals
during the last 5 yr have specifically affected the latitu-
dinal pattern in L∞; they are used to illustrate that fish-
ing intensity is not uniformly distributed along the
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coast and that fish are taken disproportionally to their
abundance, thus more of the larger individuals would
be removed in areas with higher fishing intensity.
Interestingly enough, Fig. 8 indicates that fishing
pressure on the west coast over the last 5 yr changes
gradually (decreasing from California to Washington),
and is inversely correlated with our estimates of L∞.

In conclusion, the present study offers updated
insight into the differences in growth parameters in a
marine fish across a wide latitudinal span. We included
several important improvements such as data quality
(the use of sectioned otoliths with double reads), as
well as improvements in model fitting (e.g. the incor-
poration of ageing error in fitting the growth curve)
and the analysis of the latitudinal variability in split-
nose rockfish growth parameter estimates. Our results
indicate that a combination of oceanographic charac-
teristics and extended periods of fishery removals may
produce distinct growth differences within species that
lack any detectable population structure. Such system-
atic differences in intraspecific growth among areas
should be explored further to elucidate whether these
patterns are consistent across species, and thus repre-
sent expected patterns of spatial biological differentia-
tion (Cope 2006), or are only a special case in a system
of more widely homogenous growth patterns.
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