
Proc. int. Rockfish Symp. 
Oct. 1986. Anchorage, Alaska 

Long-term cycles of growth in 
Sebastes: Extracti ng i nf or mati o n 

from otoliths 
George W. Boehlert 
NMFS, Southwest Fisheries Center 
Honol  u I u, Hawaii 

Mary M. Yoklavich 
Oregon State University 
Newport, Oregon 

and 

Tlme s e r i e s  o f  I n f o r m a t i o n  about f l s h  p o p u l a t l o n s  a r e  u s e f u l  I n  
understanding t h e l r  natural  f luc tuat lons and responses t o  v a r i a t l o n  I n  
p h y s l c a l  f ac to rs .  Most t l m e  ser 18s on f Ish, however, concern 
population s l t e ,  t yp l ca l  l y  e s t i m a t e d  from h l s t o r l c a l  ca tch  records.  
We describe a technique by which growth In format ion can be extracted 
f rom o t o l l t h s  o f  l o n g - I l v e d  species such as & h a s t e 5  through 
sec-Flonlng and carefu l  measurement. As an example, data from recent ly  
c o l l e c t e d  Sebastes d l p l ~ p ~ p p  and olnnloer are  used t o  desc r ibe  
growth a t  ages 1 through 6 dur lng several decades o f  t h l s  century. We 
describe the technique and I t s  I iml tat lons,  and make suggestions f o r  
appl i ca t l on  o f  the r e s u l t i n g  data. 

lntroductron 
The study o f  long-term changes i n  marlne f i s h  populatlons has recent ly  
r e c e l v e d  a g r e a t  deal o f  a t t e n t l o n .  Understanding t h e  responses o f  
f I sh  p o p u l a t i o n s  t o  p h y s l c a l  and b t o t l c  v a r i a b l l  I t y  can lead t o  
p r e d l c t l v e  c a p a b l l l t y ;  Indeed, many c u r r e n t  s t u d i e s  I n  f l s h e r l e s  
oceanography examlne t h e  causes o f  p a s t  p o p u l a t i o n  change w I t h  t h e  
goal o f  model tng f u t u r e  t r e n d s  i n  populat lons.  Obvious ly  such 
Informat ion can be most useful for purposes o f  f isher les management. 

Several categories of  long-term change I n  marlne f l s h  populations have 
been lnves t l ga ted .  P o p u l a t l o n  o r  s tock  slze has general  l y  been 
estlmated from h i s t o r i c a l  catch records o f  f lsher les,  and data from 
many decades are avallable, as f o r  some P a c l f l c  salmonid stocks (Mysak 
e t  a l .  1982) and severa l  N o r t h  A t l a n t l c  f l s h e r i e s  (Cushlng 1982). 
Specles assemblages and b l o t l c  In teract ions have been described on the  
decade s c a l e  by c u r r e n t  work o f  t h e  Cal l f o r n l a  Cooperat lve Oceanlc 
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Flsherles lnvestlgatlons (Loeb et at. 1983; H. G. Moser, Southwest 
Flsherles Center, Natlonal Marlne Flsherles Servlce, NOAA, La Jot la, 
CA 92038 pers. commun.), and on the century scale by Soutar and lsaacs 
(1974) for the same reglon. 

Methods of data collectton for developlng time serles elther come from 
contlnuous data cot lectlon or  extractlon of natural l y  stored 
lnformatlon. The former often occurs over generatlons of blologlsts. 
Slnce startlng a new serles may not allow achievement of obJectlves 
for 30 or more years, avallable tlme serles (whlch are often collected 
for other purposes) are used. In some cases, however, naturally 
stored lnformatlon can be used to extract hlstorlcal populatlon 
lnformatlon. A classlc example of thls approach Is the study of 
cycles of populatlon abundance for m a u l  I f ,  S a r d l w ,  and 
~ e r l u c c f ~  by Soutar and lsaacs (1974). By measurlng the abundance of 
scales In anoxlc sedlments, they were able to def Ine natural cycles of 
abundance of these species for 150 yr. lnformatlon Is also stored In 
the otol lths of lndlvldual f Ish (Radtke 1984). The study of age In 
flshes and the use of otollths for back calculatlon are slmple 
examples of extractlon of hlstorlcal lnformatlon, and others have used 
lsotoplc composltlon to deflne thermal habltats occupled by lndlvldual 
f Ish (Mulcahy et at. 1979). 

The study of growth In  f lshes has typlcal l y  been concerned wlth 
relatlvely short-term growth of cohorts or populatlons, most often 
wlth flshed stocks. Dlfferences In growth may exlst between stocks 
(Templeman and Squlres 1956; Borlsov 19791, geographlcal reglons 
(Boehlert and Kappenman 1980), and among years (Margetts and Holt 
1948). Such growth dlfferences may be genetlcal l y  based (Borlsov 
19791, the result of dens1 ty dependence (Margetts and Hot t 19481, or 
caused by several envl ronmental factors, most Importantly temperature 
(Brett 1979). Unfortunately, comparlsons of growth wlth tlme often 
come from dffferent studles, frequently made dlfflcult by changes In 
sampl Ing, agelng methodology, or lnterpretatlon (Boehlert and 
Kappenman 1980). 

Because estlmates of f Ish growth are general ly  made at a slngle polnt 
In tlme, tlme serles on the order of several decades do not exlst for 
any specles. Slnce otol lths act as recordlng chronometers, however 
(Radtke 1984; Campana and Ne1 lson 19851, back calculatlon technlques 
a1 low one to establ Ish growth patterns early In the I lfe hlstory of 
flshes, even In  older flsh. Extreme longevlty has recently been 
conflrmed In the scorpaenld genus Sebastes (Bennett et at. 19821, and 
ages In excess of 80 y r  have been reported for several specles 
(Archlbald et at. 1981; Boehlert a n d  Yoklavlch 1984; Leaman an d  
Beamlsh 1984). Thus otollths of these specles hold the potentlal to 
derlve estlmates of growth from several decades ago. In thls paper we 
descrlbe a modlflcatlon of back calculatlon technlques, from whlch 
hlstorlcal growth patterns can be obtalned, and we a p p l y  thls 
technlque to two specles, the spl ltnose rockf Ish, SebaztM 
and the canary rockf Ish, 2. m. - 
Otol lth samples were cot lected durlng rockf Ish surveys conduded by 
the Northwest and Alaska Flsherles Center, Natlonal Marlne Flsherles 
Servlce, NOAA, durlng 1977 (Boehlert 1980), 1980 (Boehlert and 
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Yoklavlch 19841, and 1983 (Wllson 1985). Col lectlon technlques 
fol lowed Gunderson a n d  Sample (1980). Slnce one obJectlve was to 
represent as many years of growth as posslble, we based otollth 
selectlon upon age alone; old flsh In thls study thus greatly outwelgh 
thelr relatlve abundance In a random sample. Otol lths were sectloned 
and age determlned as outlined In Boehlert and Yoklavlch (1984). 

Back calculatlons and measurement of growth lncrements were I lmlted to 
the f lrst 6 yr of growth. Thls I lmlt was Imposed because otol Ith 
Increments become smal ler w Ith lncreaslng age; eventual ly, I lnear 
growth stops a n d  the otol lth beglns to thlcken (Bennett et al. 1982; 
Boehlert 1985). We used two dlfferent technlques for otollth 
measurement. For 3. m, whose otol lths are typlcal l y  more 
opaque a n d  Increments smal l e r ,  we measured from dorsal to ventral 
dlstal edges of annul 1 1-6. In the faster-growlng 3. g l n n l w ,  In 
whlch otollths are clearer, we measured from the focus to the dorsal 
dlstal edge of each Increment (Flg. 1). 

DORSAL 

6 b b b b  b b b b b h b b  
V6 V5 VL V3 V2 V1 F M 02 03 OL 05 06 

Flgure 1. Schematlc d r a w l n g  of  an otol Ith sectlon from Sebastes 
showlng the axes of measurement used In  the current study. 
Measurements for 3. dfoloaroa were from dorsal to ventral dlstal 
marglns (l.e.,  V2 to D2); measurements used for 3. p l n n l w  were 
from focus to dorsal dlstal margln) ( I . & ,  F to D2). 

Data analysts and lnterpretatlon 

Avallable data Included sex, length, date of cot lectlon, locatlon 
Informatton, total age, and wldths of the measured annul I for ages 1-  
6. The growth Increment ( G l ( I ) ,  where I = 1 to 6, determlned by 
subtractlon of measurements of adjacent annul I rather than the ful I 
measurement), was used so that growth In  a glven year was not 
cumulatlve and therefore d l d  not reflect past growth. Age was 
subtracted from year of col lectlon to determlne the year of blrth. 
For each flsh, each growth lncrement (1-6) was assoclated wlth a 
spec1 f I C  "year of growth." Data on 6 yr o f  growth were therefore 
available for each flsh wlth the exceptlon of those younger than SIX 
at the tlme of sampl Ing. As an example, a f Ish col lected In 1980 and 
aged as 40 yr was born In 1940; growth measurements from thls 
lndlvldual were therefore avallable for years 1940 through 1945. 
Table 1 demonstrates a subset o f  the data array avallable for thls 
ser les. 
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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 blrth f o r  these growth years. The f lrst growth Increment 
Is deflned to occur I n  the year of blrth, the second growth 
Increment In the fol lowlng year, and so forth. 

Growth Increment, GI 
Growth 

Yew 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 1 944 1943 1942 1941 

The maJorlty of speclmens used In the study were males. To Increase 
the sample slze, however, ut01 lths were col lected from both males and 
females. Slnce growth, particularly after sexual maturlty, dlffers 
between sexes for these two specles (Boehlert and Kappenman 19801, It 
was necessary to test for dlfferences In the growth measurements to 
allow a comblnatlon 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 
slngle, mean value. Dtfferences In growth between sexes were tested 
by comparing the respectlve growth Increments with a palred t-test for 
all years where both male and female data were avallable. The results 
of thls test showed that no dlfferences were evldent between sexes for 
elther specles. 

Yearly means of G l ( l ) ' s  were calculated and these were the values upon 
which further calculatlons were made. A long-term average and 
standard devlatlon were calculated for each serles of yearly mean 
growth Increments and the standardlzed growth anomal les A (  I )  were 
calculated as follows: 

[Gl(I) - (mean GI(I))] 
(SD GI(1)) 

A ( I )  = 

These anomalles have a mean of zero and a standard devlatlon of one, 
allowlng comparlson of the growth anomalles In dlfferent growth years 
wlthout concern for the effects of growth Increment magnltude. 
Comparlsons between specles would also be facl I ltated b y  thls 
conver s Ion. - 
A total of 802 S. dlDloaroa (651 males and 151 females) and 942 3. 
&m@c (616 males and 326 females) were used In thls study. The 3. 
d f D l o ~  ranged In age from 1 to 06 yr  and had a blrth date 
dlstrlbutlon from 1896 to 1979 (Flg.  2A). 
ranged In age from 2 to 60 yr and had a correspondlng blrth date 

Speclmens of 3. 
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Figure 2. Dlstributlon of the years of birth of  speclmens used In 
the present study. Males and females are combined. A. m a s t e q  
dlDl-. B. S. p l n n l u .  
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dlstrlbutlon from 1920 to 1978 (Fig. 28). The total numbers of groutb 
Increments avallable were 4,714 for 2. dlploprpa and 5,600 for SC 
w. In the dlscusslon of the results to follow, several sources 
of error contrlbute to the varlablllty of these results. From a 
methodologlcal standpoint, three errors are qulckly apparent. Flrst, 
mlnor changes In the locatlon of the section of the otol lth (Flg. 1 )  
may result I n  S I  lghtly dlfferent Increment measurements; we expect 
thls to Introduce relatlvely mlnor errors, however, slnce the 
sectlonlng technlque (Boehlert and Yoklavlch 1984) was conslstent 
throughout the study. The second source of error occurs In the 
estlmate of total age. Errors In thls estlmate w l l l  result In 
asslgnment of the Incorrect year of blrth a n d  subsequent years o f  
growth for each growth Increment (Table 1 ) .  Flnal ly, errors In 
annulus selectlon whlle maklng measurements on the sectlon can occur. 
None of these errors are expected to be systematlc, however, and thelr 
cumulatlve effects should not slgnlflcantly mask trends In the data. 

A concern from a blologlcal standpoint Is the lmpllclt assumption that 
there Is no I lnkage of longevlty and growth. That Is, I f  long-I lved 
lndlvlduals are characterlred by elther faster or slower growth rates 
durlng the flrst 6 yr of Ilfe than lndlvlduals wlth shorter Ilfespans, 
we can encounter problems when comparlng young wlth old f Ishes. A 
genetlc basls for such a dlfference In growth a n d  age at sexual 
maturity has been suggested for cod (brlsov 1979). An lnvestlgatlon 
Into the blochemlcal genetlcs of 2. dlDlooroa using electrophoresls at 
29 locl showed no varlatlon associated wlth age (Wlshard and Boehlert, 
unpubl. data). Although negatlve results cannot rule out a dlffer- 
ence, our growth results do not show a conslstent trend whlch would 
support a genetlc basls for growth differences. 

As one would expect from growth data, there Is def lnlte varlabl I Ity In 
the growth anomalles for both species (Flgs. 3,4). No clear trends In 
elther faster or slower growth over the ful I time series are apparent 
for elther specles. The 5 - y r  runnlng averages, however, show an 
lnterestlng pattern. In 2. (Flg. 31, most of the age 
classes show a trend of posltlve anomal les before about 1925, and 
negative anomalles from about 1955 to 1970; posltlve anomalles after 
1970 are also apparent I n  most of the records. The relatlonshlps 
among the age classes are also of Interest. General l y ,  there Is a 
relationship among anomal les 2-6 for thls specles, but the anomaly for 
year 1 Is uncorrelated wlth growth In any other year. Sebastes 
dloloDroa Is a deeper llvlng member of thls genus as adults, but the 
flrst year Is spent I n  surface waters (Boehlert 1977); thus the 
factors whlch are Important ln growth I n  the flrst year m a y  dlffer 
from those which determ Ine growth In subsequent years. Temperature, 
whlch can have an Important Impact on Juvenlle rockfish growth (see 
summary In Boehlert and Yoklavlch 19831, may dlffer between deep and 
shal low water (Kruse and Huyer 1983). 

For 2. w, the record Is somewhat shorter but shows lnterestlng 
trends (Fig. 4). For age classes 1-4, there appears to be a posltlve 
anomaly through about 1952 fol lowed b y  a perlod of negatlve growth 
untll about 1970. Age classes 5 an d  6, however, seem to show the 
opposlte trend d u r l n g  these perlods. A l l  age classes show 
concordance, however, In the pattern of posltlve anomalles after about 
1970. Thls same trend, although much weaker, was observed for 2. 
diploor- (Flg. 3) .  

202 



4.00 

3.00 A1 
2.00 4 

-2.00 1 

2.001 ' / y '  ' I  

a -3.001 I 

:::: 2.00 

(3 1.00 

0.00 

-1.00 . , t .  

-2.00{ I 
-3.00 I J 

4.00 

-2.00 

-3.00 
4.00 

3.00 

2.00 

6 

I -2.00 / '+ 

-3.00 A *is *is s45 m u  w5 8 7 5  *as ures. I 

Year of Growth 

F igure  3. P l o t  
o f  growth anom- 
a l  i e s  i n  y e a r s  
o f  g r o w t h  1-6 
f o r  Sah&es 
U&lapma. The 
d a t a  p o i n t s  
r e p r e s e n t  t h e  
y e a r  I y g r o w t h  
anomal res. The 
c u r v e  r e p r e -  
s e n t s  t h e  5 -y r  
runn ing  average 
o f  t h e s e  data. 
O n l y  y e a r s  
w h e r e  m e a n  
g r o w t h  I n c r e -  
ment  was based 
upon  f o u r  o r  
more o b s e r v a -  
t i o n s  were used 
I n  t h e s e  f l g -  

203 



3.00 

2.00 

0 

O O  
A I  

1.00 ' 

0.00 

-1.00. 

o:::lo 0 

0 0  
-1.00 

1.00 

>r 0.00. 

0 -2.00 

- 2 -'.OO; 

-2.001 0 

0 

0 0  0 

n 

-3.00 1 

2 
2.00 I 

I -2.00 f 

3.00 
3 0 0  0 2.00 1 

r :z 
2 1.00 

(3 0.00 

-1.00 

-2.00 I O 0 I 
-3.00 

3.00 1 

5 
2.00 1 
0.00 

-LOO 

-2.00 

-3.00 

3.00 

2.00 0 
6 

-2.00 I I 0 

0 
-3.00 

v i 5  s i n  04s Vxl  os5 vi0 pd5 0 7 0  0 7 5  V M  L5 ures. 
Year of Growth 

Flgure 4. P l o t  
of growth anom- 
a l l e s  I n  y e a r s  
of g r o w t h  1-6 
f o r  Sahn=&~ 
glnnlOBf .  The 
d a t a  p o i n t s  
r e p r e s e n t  t h e  
y e a r  I y growth 
anomal les. The 
c u r v e  r e p r e -  
sents  t h e  5-yr  
runnlng average 
o f  these data. 
O n l y  y e a r s  
w h e r e  m e a n  
g r o w t h  I n c r e -  
ment was based 
upon f o u r  or  
more o b s e r v a -  
t lons were used 
In t h e s e  f l g -  

204 



The technique which we describe in thls paper a1 lows development of 
time series of growth for long-llved species of fishes. The results 
we have presented for these two species w i l l  need further statistical 
analysis to discern trends In the data and to lnvestlgate the possible 
sources of variatlon in growth patterns. For example, time series 
analysis may show relationships with physical factors, as described by 
Chelton et at. (1982) and Mysak (1986). Biological causes for growth 
variation may also be impllcated. In this regard, It I s  significant 
that the apparent increase In growth after 1970 (Figs. 3,4) I s  
temporally related to the depletion of coastal stocks of Sebasteq as 
described by several papers in this volume. Does thls hint at density 
dependent growth patterns? Future research on this data base wit I 
address these questions. 
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