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Time serles of Information about flish populations are useful In
understanding their natural fluctuatlions and responses to varjation in
physical factors, Most time serles on flsh, however, concern
population slze, typlcally estimated from historical catch records.
We describe a technique by which growth Information can be extracted
from otoliths of long-lived specles such as Sebastes through
sectioning and careful measurement. As an example, data from recently
collected Sebastes diploproa and S. plnnliger are used to describe
growth at ages 1 through 6 during several decades of this century. We
describe the technique and its Iimitations, and make suggestions for
appl ication of the resulting data.

Jntroductlion

The study of long-term changes In marine fish populations has recently
recelved a great deal of attentlion. Understanding the responses of
fish populations to physical and blotlc variabliity can lead to
predictive capablliity; Indeed, many current studlies In flsherles
oceanography examine the causes of past population change with the
goal of modeling future trends In populatlions. Obviously such
Information can be most useful for purposes of flsherles management.

Several categorles of long-term change in marine fish populations have
been Investigated. Population or stock slze has generally been
estimated from historlcal catch records of fisherles, and data from
many decades are avallable, as for some Paclfic salmonid stocks (Mysak
et al. 1982) and several North Atlantic flsherles (Cushing 1982).
Specles assemblages and biotic Interactions have been described on the
decade scale by current work of the Callfornla Cooperative Oceanic
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Fisherles Investigations (Loeb et al. 1983; H. G. Moser, Southwest
Fisherles Centar, Natlonal Marine Flsherles Service, NOAA, La Jolla,
CA 92038 pers. commun.), and on the century scale by Soutar and Isaacs
(1974) for the same reglon.

Methods of data collection for developing time serlies elther come from
contlnuous data collection or extractlion of naturally stored
Information. The former often occurs over generatlons of blologists.
Since starting a new serles may not allow achlevement of obJectives
for 30 or more years, avallable time serles (which are often collected
for other purposes) are used. I!n some cases, however, naturally
stored informatlion can be used to extract historical population
informatlion. A classlic example of this approach Is the study of
cycles of population abundance for Engraulls, Sardlnops, and
Merluccius by Soutar and lsaacs (1974). By measuring the abundance of
scales In anoxlic sediments, they were able to define natural cycles of
abundance of these specles for 150 yr. Informatlion Is also stored In
the otol Iths of individual fish (Radtke 1984). The study of age In
flshes and the use of otollths for back calculatlon are simple
examples of extraction of historica!l Information, and others have used
Isotopic composition to define thermal habitats occupied by Individual
fish (Mulcahy et al. 1979).

The study of growth In fishes has typlically been concerned with
relatively short-term growth of cohorts or populatlons, most often
with flshed stocks. Differences In growth may exist between stocks
(Templeman and Squires 1956; Borisov 1979), geographlical reglons
(Boehlert and Kappenman 1980), and among years (Margetts and Holft
1948). Such growth differences may be genetically based (Borisov
1979), the result of denslity dependence (Margetts and Holt 1948), or
caused by several environmental factors, most Importantly temperature
(Brett 1979). Unfortunately, comparisons of growth with time often
come from dlfferent studlies, frequently made difficult by changes In
samplIng, ageing methodology, or Interpretation (Boehlert and
Kappenman 1980).

Because estimates of flsh growth are generally made at a single point
Iin time, time series on the order of several decades do not exist for
any specles. Since otoliths act as recording chronometers, however
(Radtke 1984; Campana and Nellson 1985), back calculatlion technlques
allow one to establ Ish growth patterns early in the 11fe history of
fishes, even In older flsh. Extreme longev!ity has recently been
confirmed In the scorpaenid genus Sebastes (Bennett et al. 1982), and
ages In excess of 80 yr have been reported for several specles
(Archlibald et al. 1981; Boehlert and Yoklavich 1984; Leaman and
Beam!sh 1984). Thus otollths of these specles hold the potentl!al to
derive estimates of growth from several decades ago. In this paper we
describe a modificatlon of back calculatlon techniques, from which
historical growth patterns can be obtained, and we apply thls
technlique to two specles, the splitnose rockfish, Sehastes

and the canary rockflsh, S. planlger.

Materlals and Methods

Otolith samples were collected durlng rockflish surveys conducted by
the Northwest and Alaska Flsherles Center, National Marine Flsherles
Service, NOAA, during 1977 (Boehlert 1980), 1980 (Boehlert and
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Yoklavich 1984), and 1983 (Wilson 1985). Collection techniques
followed Gunderson and Sample (1980). Since one objJectlve was to
represent as many years of growth as possible, we based otolith
selection upon age alone; old fish In thls study thus greatly outweigh
their relative abundance In a random sample. Otoliths were sectloned
and age determined as outlined In Boehlert and Yoklavich (1984).

Back calculations and measurement of growth Increments were |Imlited to
the first 6 yr of growth. This Iimit was Imposed because otolith
Increments become smaller with Increasing age; eventual ly, llinear
growth stops and the otol Ith begins to thicken (Bennett et al. 1982;
Boehlert 1985), We used two different technliques for otolith
measurement., For S. diploproa, whose otoliths are typically more
opaque and Iincrements smal ler, we measured from dorsal to ventral
distal edges of annull 1-6. In the faster-growling S. plnnlger, In
which otoliths are clearer, we measured from the focus to the dorsal
distal edge of each Increment (Fig. 1).

\[] V5§ V& V3 v2 vi F Dt D2 D3I D& D5 D6

Flgure 1. Schematlic drawing of an otolith section from Sehastaes
showing the axes of measurement used In the current study.
Measurements for S. diploproa were from dorsal to ventral distal
marglins (i.e., V2 to D2); measurements used for 5. plnniger were
from focus to dorsal distal margin) (i.e., F to D2).

Data analysis and Interpretation

Avaliable data Included sex, length, date of collection, location
Information, total age, and widths of the measured annull for ages 1~
6. The growth Increment (G!(1), where | = 1 to 6, determined by
subtraction of measurements of adjacent annull rather than the full
measurement), was used so that growth Iin a given year was not
cumulative and therefore did not reflect past growth. Age was
subtracted from year of collection to determine the year of birth.
For each fish, each growth Increment (1-6) was assoclated with a
speci fic "year of growth." Data on 6 yr of growth were therefore
available for each fish with the exceptlon of those younger than six
at the time of samplling. As an example, a flsh collected in 1980 and
aged as 40 yr was born In 1940; growth measurements from this
indlvidual were therefore avallable for years 1940 through 1945.
Table 1 demonstrates a subset of the data array avallable for this
series.
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Table 1. A subset of the data array for growth Increments used In the
present study. The numbers under growth Increment represent the
years of birth for these growth years. The first growth increment
Is deflned to occur in the year of blirth, the second growth
Increment In the fol lowing year, and so forth.

Growth increment, Gl

Growth

year 1 2 3 4 5 6
1940 1940 1939 1938 1937 1936 1935
1941 1941 1940 1939 1938 1937 1936
1942 1942 1941 1940 1939 1938 1937
1943 1943 1942 1941 1940 1939 1938
1944 1944 1943 1942 1941 1940 1939
1945 1945 1944 1943 1942 1941 1940
1946 1946 1945 1944 1943 1942 1941

The majorlty of specimens used In the study were males. To !Increase
the sample size, however, otoliths were collected from both males and
femaies. Since growth, particular!y after sexual maturity, differs
between sexes for these two specles (Boehlert and Kappenman 1980), It
was necessary to test for dlfferences in the growth measurements to
allow a comblination of growth data from males and females Independent
of the years tested. We separated the data by sex and then aggregated
the data for each growth Increment such that each year of blrth had a
single, mean value. Dilfferences In growth between sexes were tested
by comparing the respectlive growth Increments with a palred t-test for
all years where both male and female data were avaliabie. The results
of this test showed that no differences were evident between sexes for
elther specles.

Yearly means of GI(1)'s were calculated and these were the values upon
which further calculations were made. A long-term average and
standard dev!latlion were calculated for each serles of yearly mean
growth Increments and the standardized growth anomajlies A(I) were
calculated as fol lows:

CG61(1) = (mean GI(1))]

ACl) =
(SD Gi(1))

These anomalles have a mean of zero and a standard deviation of one,
allowing comparison of the growth anomalles In different growth years
wilthout concern for the effects of growth Increment magnitude.
Comparisons between specles would also be facllltated by thls
converslon,

Results and Dlscussion

A total of 802 S. diploproa (651 males and 151 females) and 942 S.
plnniger (616 males and 326 females) were used In thls study. The §.
diploproa ranged in age from 1 to 86 yr and had a birth date
dlstribution from 1896 to 1979 (Fig. 2A). Specimens of S.

ranged In age from 2 to 60 yr and had a corresponding blrth date
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Figure 2, DIstribution of the years of birth of specimens used in
the present study. Males and females are combined. A, Sebastes

diploproa. B. §. pinniger.
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distribution from 1920 to 1978 (Fig. 2B). The total numbers of growth
Increments avallable were 4,714 for S. dlploproa and 5,600 for S.
pinniger. In the discussion of the results to follow, several sources
of error contribute to the varlablllity of these results. From a
methodologlcal standpoint, three errors are qulckly apparent. Flrst,
minor changes In the location of the section of the otolfth (Fig. 1)
may result In sllightly dlfferent Increment measurements; we expect
this to Introduce relatively mlnor errors, however, since the
sectlioning technique (Boehlert and Yoklavich 1984) was conslstent
throughout the study. The second source of error occurs In the
estimate of total age. Errors In thls estimate wlll result In
assignment of the Incorrect year of birth and subsequent years of
growth for each growth Increment (Table 1). Flnally, errors In
annulus selectlon while making measurements on the section can occur.
None of these errors are expected to be systematic, however, and their
cumulative effects should not signiflicantly mask trends In the data.

A concern from a biological standpoint is the Implicit assumption that
there Is no I Inkage of longevity and growth. That Is, If long~Ilved
Individuals are characterized by elther faster or sliower growth rates
during the first 6 yr of Iife than Individuals with shorter |1fespans,
we can encounter problems when comparing young with old fishes. A
genetlic basls for such a difference In growth and age at sexual
maturity has been suggested for cod (Borisov 1979). An Investigation
Into the blochemical genetics of 8. diploproa using electrophoresis at
29 locl showed no varlation associated with age (Wishard and Boehlert,
unpubl. data). Although negat!ve results cannot rule out a dlffer-
ence, our growth results do not show a consistent trend which would
support a genetlic basls for growth differences.

As one would expect from growth data, there [s definlite varliabl!lity In
the growth anomalies for both specles (Figs. 3,4). No clear trends In
elther faster or slower growth over the full time series are apparent
for either specles. The 5-yr running averages, however, show an
Interesting pattern. In 5. dliploproa (Fig. 3), most of the age
classes show a trend of positive anomallies before about 1925, and
negative anomalles from about 1955 to 1970; positive anomalles after
1970 are also apparent In most of the records. The relatlionships
among the age classes are also of Interest., Generally, there Is a
relationship among anomailes 2-6 for thls specles, but the anomaly for
year 1 Is uncorrelated with growth In any other year. Sehastes
diploproa Is a deeper I|lving member of this genus as adults, but the
flrst year 1s spent In surface waters (Boehlert 1977); thus the
factors which are important In growth In the first year may d!ffer
from those which determine growth In subsequent years. Temperature,
which can have an iImpo-tant Impact on Juvenile rockflsh growth (see
summary {n Boehiert and Yoklavich 1983), may dlffer between deep and
shal low water (Kruse and Huyer 1983).

For S. plnnlger, the record Is somewhat shorter but shows Interesting
trends (Flg. 4). For age classes 1-4, there appears to be a positive
anomaly through about 1952 followed by a perlod of negatlive growth
unti! about 1970. Age classes 5 and 6, however, seem to show the
opposlte trend durlng these periods. All age classes show
concordance, however, In the pattern of positive anomalles after about
1970. Thls same trend, although much weaker, was observed for S.

diploproa (Fig. 3).
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The technique which we describe In thls paper allows development of
time serles of growth for long-llved specles of fishes. The results
we have presented for these two species will need further statistical
analysis to discern trends in the data and to Investigate the possible
sources of variation In growth patterns. For example, time series
analysis may show relatlonships with physlical factors, as described by
Chelton et al. (1982) and Mysak (1986). Biological causes for growth
varfatlon may also be Impilcated. |In this regard, It Is significant
that the apparent increase In growth after 1970 (Figs. 3,4) Is
temporally related to the depletlon of coastal stocks of Sehastes as
descrlbed by several papers In this volume. Does this hint at density
dependent growth patterns? Future research on thils data base will
address these questions.
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