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ABSTRACT 

Dayaratne, P. 1986. A comparison of primary growth rings in 
otoliths of Sprattus sprattus from Norway and Sardinella 
spp. from Sri Lanka. FlØdevigen rapportser. 1, 1986: 23-47. 

The present paper describes the otolith structure and the 
ring deposition pattern in O-group sprat (Sprattus sprattus). 
This is compared with that of Sardinella from tropical 
waters. Age was estimated by using the primary growth rings in 
the otoliths and the estimated age was used to calculate the 
spawning time and to estimate growth. 

Otolith structure and ring deposition were found to be 
similar in sprat and SardineZZa. In sprats, the number and 
the thickness of the rings in the nuclear region seemed to vary 
with the time of spawning. This indicated a difference in the 
age of metamorphosis of sprat larvae. In SardineZZa, however, 
the period of metamorphosis was shown to be a species-specific 
characteristic. 

Back-calculated birth dates of sprat generally suggested a 
protracted spawning from February to July with a peak in April 
- June. Estimated spawning in Nordfjord (west Norway) is con- 
firmed by the known spawning curves. The calculated spawning 
for other locations too, in genereal agrees well with the known 
spawning. 

The resulted growth estimates of sprat with K = 0.82 corres- 
ponds to previous estimates. The results (growth and birth 
dates) verify the daily periodicity of rings. The similarity of 
the otolith structure of sprat to that of Sardinella and 
herring ( C Z u p e a  harengus) also indirectly validates the hypo- 
thesis that the rings are formed daily. 



The presence of primary growth rings in otoliths of some 

tropical and temperate fishes was discovered in the early 

1970's (Panella 1971, 1974). These rings seem to be formed 

daily and their daily periodicity has been verified for many 

species. A recent review showed that most of the studies aimed 

at verifying the daily nature of these rings have been success- 

ful (Gj~sæter et al. 1983). Since the list includes species 

from very different environments and geographical regions, it 

seems reasonable to assume that the daily incremental growth is 

a universal phenomenon in fish otoliths. 

One of the advantages in otolith microstructural studies is 

the possibility to trace back the early life history of the 

fish. Several studies (Panella 1971, 1974; Brothers et al. 

1976; Struhsaker and Uchiyama 1976, and others) suggest that in 

many species of teleosts, the otolith microstructure documents 

a detailed chronological growth history. 

In temperate fishes, work has concentrated on larvae and 

juveniles. For short-lived tropical species, adults have been 

aged using daily growth rings too. Brothers et al. (1976) 

suggested that the method may be reliable at least up to an age 

of two hundred days. 

As the pattern of rings seen in an otolith was basically 

similar in all the Clupeid species studied from Sri Lanka, this 

was taken as an indication that growth and ring formation in 

Clupeidae may follow a certain pattern characteristic of this 

family. The hypothesis of a fixed growth pattern in the 

Clupeidae has previously been advocated by Iles (1980). 

To gain evidence for this hypothesis it was decided to com- 

pare the otoliths from Clupeidae from two different environ- 

ments Sri Lanka with a tropical climate and Norway with tem- 

perate conditions. 

The sprat Sprattus sprattus was selected as a Norwegian 
l 
l clupeid and SardineZZa spp. from Sri Lanka, previously 
i 

I studied by Dayaratne and GjØsæter (1986), was used for com- 
! parison. 

Similarities between these species could be regarded as 



family characteristics as they were subjected to completely 

different environmental conditions. The present study als0 aims 

to verify the daily nature of these rings in Sprattus sprattus. 

This was attempted by comparing the calculated spawning season 

with the available spawning curve. 

MATERIALS AND METHODS 

The material for the present study was collected from the 

fjords and coastal waters along the west and south-east coasts 

of Norway. A total of about 380 specimens of sprat (Sprattus 

sprattus) from 12 different locations were studied. About 30 

specimens of herring (CZupea harengus) from a single location 

were also examined. This sample was used to compare the otolith 

structure of a similar species from the same waters. 

The material from station 2-6 (Fig. 1) was collected during 

a cruise with the R/V "Michael Sars" in October 1983. A pelagic 

trawl with a small meshed cod end was used. This material was 

made available to the author by Mr. Erling Bakken of the Insti- 

tute of Marine Research, Bergen. The rest of the material, from 

station 7-12, was collected by beach-seines and was supplied by 

Ms. Else Torstensen of the FlØdevigen Biological Station, 

Arendal. 

More details about the material studied are given in Appen- 

dix 1. All the material was kept frozen. 

In addition, the data on SardineZZa spp. previously worked 

out by the author were used for compirison. 

Length measurements of the fish were taken to the nearest 

millimetre and the otolith extraction was carried out under a 

binocular microscope. 

The procedure used in the preparation of otoliths was the 

same as that described for SardineZZa spp. (Dayaratne and 

GjØsæter 1986). The otoliths from smaller fish were mounted 

directly on a synthetic mounting medium "Protexx" without 

grinding but a little grinding was found to increase the visi- 

bility in larger otoliths. 

The countings of the total number of rings and the measure- 



F i g .  1. Map s h o w i n g  t h e  s t a t i o n s  i n  s o u t h e r n  N o r w a y  w i t h  
n u m b e r s  referred t o  i n  t h e  t e x t .  



ments of the otolith radii were carried out under a light mic- 

roscope at 400 magnification. In all the otoliths the measure- 

ments were taken along the longest axis, from the nucleus 

towards the posterior edge. 

The number and radli of the rings in the nuclear region of 

about 10 otoliths from stations 1, 7, 10 and 12 were also 

recorded. These stations were selected as they showed some 

difference in the back-calculated spawning time. These measure- 

ments were used to compare the nuclear region within sprats and 

also between sprats and SardineZZa spp. (Fig. 2 ) .  

S A R O I N E L L A  SPRATTUS SPRATTUS 

Nucleus 

D i f f u s e  
r e g i o n  

Nuclear region Nuc lear  r e g i o n  
~n Sardi  ne l la  i n  Sprottus sprattus J \ 

L a t e  spowners  E a r l y  s p o w n e r s  

Fig. 2. Schematic drawings of SardineZZa and sprat otoliths. 



As the trial plots of the otolith radius against fish length 

indicated a linear relation, predictive regressions were fitted 

to these data. At first, separate regressions were fitted to 

data from different stations. No significant difference was 

found between the slopes, except for the one from station no. 

2. As the deviation of this regression was explained by the 

poor £it of the data, all these stations were combined and a 

common regression was fitted (Fig. 3 ) .  

d 0.25 0.5 0'15 1.0 
OTOLI TH RADIUS (mm) 

Fig. 3. Regression of fish length on otolith radius of sprat. 

The growth estimates of sprat were carried out by assuming 

that the primary rings found in the otoliths are laid down 

daily. The estimated age for individual fish was plotted 

against the fish length. A von Bertalanffy growth equation - 

Lt = Lm (l-e -(t-to) ,as fitted to these data by 

using least squares method. 

The estimated ages were used to calculate the birth dates, 



from the day on which the fish were caught. Examination of the 

otoliths showed that samples from station 6 contained both 0 -  

group and I-group fishes. Only the O-group fishes were used to 

estimate the age. However, the I-group samples were used to 

calculate the spawning season by counting rings from the 

nucleus up to the inner egde of the winter zone. The spawning 

periods of the two successlve years were compared. 

9 

RESULTS AND DISCUSSION 

Otolith structure of sprats and comparison with that of herring 

and SardineZZa 

The general otolith structure appears to be similar ih 

sprat, herring and SardineZZa spp. All these otoliths are 

antero-posteriorly elongated with two anterior rostra. The 

otoliths of sprats, however, are slightly widened along the 

dorso-ventral axis, making it more or less circular apart from 

the two anterior rostra. The herring otoliths are very similar 

to those of SardineZZa. 

The average otolith size of about 7-8 cm long fish of 

different species is as follows: 

species 

Sprattus sprattus 

CZupea harengus 

SardineZZa spp. 

otolith size (length 

1.3 mm 

2.2 mm 

1.3-1.6 mm (depen- 

ding on the species) 

A similar pattern of ring deposition was observed in the 

three species. Three regions, the nuclear region, the central 

region and the outer region could be distiguished as described 

for SardineZZa spp. (Dyaratne and Gjøsæter 1986) (Fig. 2). 

Interpretation of the differences observed in the otoliths of 

sprat and SardineZZa 

Detailed studies revealed that there are marked differences 



in the nuclear region of the otoliths of the two species. In 

SardineZZa, distinct rings are deposited right from the 

centre of nucleus. In sprats, however, there is a diffuse 

region of about 12 pm radius around the nucleus, before any 

distrinct rings are deposited. There are about three faint 

rings within this diffuse region. This indicates a difference 

in the initiation of the ring deposition in the two species 

(Fig. 2). 

According to Brothers et al. (1976) the daily increme;ts 

begin to form at different ages in different species. Some 

species hatch with increments already formed, while others 

apparently to not form increments until later. In CZupea 

harengus the ring formation begins just after yolk sac absorp- 

tion in about five days after hatching (Rosenberg and Lough 

1977). Radtke and Dean (1982) suggested that embryos with long 

incubation period, form rings before hatching while those with 

short incubation period might not start ring formation until, 

or few days after hatching. 

The differences seen in the nuclear region of ~ a r d i i e ~ ~ a  

and sprat might be due to a difference in incubation period 

(John 1951, Thompson et al. 1981). The faint rings found within 

this region are probably formed during the incubation period. 

These interpretations, however, remain inconclusive as the time 

when increment formation begins is not known for any of these 

species. 

The number of rings in the nuclear region too, differ in 

S a r d i ~ e Z Z a  and sprat. It was suggested by Dayaratne and 

GjØsæter (1986) that for SardineZZa this is a species-speci- 

fic characteristic, with the number of rings varying from 14- 

28, depending on the species concerned. For sprat, however, it 

seems to vary from 20-55 depending on the time of the year in 

which they are born. Those that are born earlier seem to have a 

larger number of rings than those spawned later (Table 1). 

It has also been suggested that the number of rings in the 

nuclear region of the otolith corresponds to the age at meta- 

morphosis. If this is so, SardineZZa spp. seem to have a 

distinct period of metamorphosis ranging from 14-28 days, 

depending on the species. For sprat, however, this period seems 



T a b l e  1 

Number o f  r i n g s  and  r i n g  w i d t h  i n  t h e  n u c l e a r  r e g i o n  o f  s p r a t  
o t o l i t h s .  

E a r l y  s p a w n e r s  L a t e  s p a w n e r s  
( s p a w n  i n  F e b r u a r y )  ( spawn  i n  May-June) 

N Mean S  . D .  N Mean S . D .  

Number o f  
r i n g s  

Average  r i n g  
w i d t h  ( v m )  1 0  1 . 3 6  0 . 0 1  1 0  3 . 2 4  0 .03  

t o  v a r y  a c c o r d i n g  t o  wha t  t i m e  o f  t h e  y e a r  t h e y  a r e  b o r n .  Those  

b o r n  e a r l y  i n  t h e  s p a w n i n g  s e a s o n  seem t o  t a k e  a  l o n g e r  p e r i o d  

( a b o u t  50-60 d a y s )  t h a n  t h o s e  b o r n  l a t e r  ( c a  2 1  d a y s )  ( T a b l e  

1 ) .  A p r o b a b l e  r e a s o n  f o r  t h i s  c o u l d  b e  t h e  d i f f e r e n t  t empera -  

t u r e s  p r e v a i l i n g  a t  t h e  b e g i n n i n g  and t h e  e n d  o f  t h e  r a t h e r  

e x t e n d e d  s p a w n i n g  s e a s o n  o f  s p r a t .  I t  is a l s 0  p o s s i b l e  t h a t  a  

d i f f e r e n c e  i n  t h e  a v a i l a b i l i t y  o f  f o o d  d u r i n g  t h i s  p e r i o d  h a s  

some i n f l u e n c e  o n  t h e  t i m i n g  o f  m e t a m o r p h o s i s .  

A t  s t a t i o n  1 l a r v a e  o f  a b o u t  3-4 c m  l e n g t h  w e r e  c a u g h t ,  a n d  

t h e i r  e x t e r n a l  a p p e a r a n c e  s u g g e s t e d  t h a t  t h e y  h a d  n o t  c o m p l e t e d  

m e t a m o r p o s i s .  The  o t o l i t h s  o f  t h e s e  l a r v a e  h a d  f a i r l y  n a r r o w  

r i n g s  a n d  t h e  c e n t r a l  r e g i o n  c o r r e s p o n d i n g  t o  t h e  f a s t  g r o w i n g  

p e r i o d  j u s t  a f t e r  m e t a m o r p h o s i s  was n o t  f o r m e d .  The a v e r a g e  

o t o l i t h  s i z e  o f  t h e s e  l a r v a e  was a b o u t  0 . 2 5  m m  w h i c h  was l a r g e r  

t h a n  t h e  u s u a l  r a d i u s  o f  t h e  n u c l e a r  r e g i o n  (0 .09 -0 .15  m m )  

o b s e r v e d  i n  o t h e r  j u v e n i l e s .  T h i s  s a m p l e  o f  l a r v a e  was 

c o l l e c t e d  on 30 O c t o b e r  and  i t  is  u n l i k e l y  t h a t  t h e y  wou ld  h a v e  

me tamorphosed  l a t e r  i n  t h e  y e a r  when t h e  w i n t e r  b e g i n s .  T h e s e  

l a r v a e  p r o b a b l y  o v e r - w i n t e r  a s  l a r v a e  w i t h o u t  m e t a m o r p h o s i n g .  

T h i s  e v i d e n c e  s u p p o r t s  t h e  s u g g e s t i o n  o f  I les a n d  J o h n s o n  

( 1 9 6 2 )  t h a t  n o t  a l l  s p r a t  metarnorphose b e f o r e  t h e i r  f i r s t  

w i n t e r .  T h o s e  spawned  l a t e r  seem t o  o v e r - w i n t e r  a s  l a r v a e .  

Newly me tamorphosed  s p r a t  o f  3-4 cm h a v e  b e e n  r e c o r d e d  i n  t h e  

n o r t h w e s t e r n  Nor th  S e a  a t  t h e  b e g i n n i n g  o f  t h e  s p a w n i n g  s e a s o n .  

I t  seems more l i k e l y  t h a t  t h e y  were d e r i v e d  f rom w i n t e r i n g  



l a r v a e  ( B a i l e y  1 9 8 0 ) .  

The r i n g  w i d t h  i n  t h e  n u c l e a r  r e g i o n  a l s o  d i f f e r s  c o n s i d e r -  

a b l y  a c c o r d i n g  t o  t h e  t i m e  o f  b i r t h .  T a b l e  2  g i v e s  t h e  r i n g  

w i d t h  m e a s u r e m e n t s  o f  s a m p l e s  f r o m  a f e w  s t a t i o n s  where  t h e  

s a m p l e s  were o f  f i s h  w i t h  d i f f e r e n t  s p a w n i n g  times. 

T a b l e  2  

R i n g  w i d t h  measu remen t s  i n  t h e  n u c l e a r  r e g i o n  o f  s p r a t  w i t h  t h e  
c o r r e s p o n d i n g  spawning  t i m e .  

S t a t i o n  B a c k - c a l c u l a t e d  
number s p a w n i n g  t i m e  

R i n g  w i d t h  ( N R )  
N Mean S . D .  

1 0  1 8  F e b r u a r y  1 0  1 . 3 6  0 .08  
1 2  2 1  A p r i l  1 0  3 .24  0 . 2 7  

7  1 7  May 1 0  2 . 9 3  0 . 3 3  
1 27  J u l y  1 0  2 .49  0 . 1 3  

The h i g h e s t  mean r i n g  w i d t h  ( s t a t i o n  1 2 )  was compared w i t h  

t h e  l o w e s t  ( s t a t i o n  1 0 ) .  The r e s u l t i n g  t v a l u e  was 1 . 6 1 ,  i n d i -  

c a t i n g  t h a t  t h e r e  is  no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e s e  

v a l u e s .  D e s p i t e  t h i s ,  t h e r e  i s  a  t r e n d  f o r  t h e  e a r l y  s p a w n e r s  

( s t a t i o n  1 0 )  t o  h a v e  t h e  l o w e s t  r i n g  w i d t h  and t h o s e  b o r n  i n  

t h e  m i d d l e  o f  t h e  s p r i n g  ( s t a t i o n  7  a n d  1 2 )  t o  h a v e  t h e  h i g h e s t  

( T a b l e  2 ) .  The l a t e  s p a w n e r s  i n  J u l y  ( s t a t i o n  2 )  seem t o  h a v e  

a n  i n t e r m e d i a t e  v a l u e .  

I f  t h e  t h i c k n e s s  o f  t h e s e  p r i m a r y  r i n g s  a r e  u s e d  a s  a n  i n d i -  

c a t i o n  o f  g r o w t h ,  t h o s e  b o r n  i n  t h e  m i d d l e  o f  t h e  s p r i n g  ( T a b l e  

2 )  seem t o  g row f a s t e r ,  a t  l e a s t  d u r i n g  t h e  f i r s t  month of  

t h e i r  l i f e .  Whether  i t  i s  t h e  t i m e  o f  s p a w n i n g  o r  a n y  o t h e r  

e n v i r o n m e n t a l  f a c t o r  t h a t  c a u s e s  t h i s  d i f f e r e n c e  i n  g r o w t h  i s  

n o t  c l e a r ,  a s  t h e s e  s a m p l e s  w e r e  t a k e n  f rom different l o c a -  

t i o n s .  

I n  s p r a t  t h e  t h i c k n e s s  o f  t h e  r i n g s  i n  t h i s  r e g i o n  (mean 8  

p m )  is  l e s s  t h a n  i n  SardineZZa s p p .  (16 -20  p m ) .  The 

d i f f e r e n c e  i n  L / R  r a t i o  a l o n e  d o e s  n o t  e x p l a i n  t h i s  d i f f e r e n c e .  

T h i s  c o u l d  b e  t a k e n  a s  a n  i n d i c a t i o n  o f  a f a s t e r  g r o w t h  o f  



Sardinetta when compared with sprat. 

The outer region of the otolith of O-group sprat is very 

similar to that of SardineZZa. A gradual reduction in the 

width of the rings was observed with narrower rings near the 

outer edge. The otoliths from sprat longer than about 8.0 cm 

were found to contain the distinct winter zone. The primary 

rings could be seen up to the formation of the first winter 

zone. Although similar rings were seen in the second fast- 

growing period they were rather narrow and come were barely 

visible under x 400 magnification. 

The above description shows that in general the otolith 

structure and ring deposition pattern are similar in sprat, 

herring and Sardinetla spp. This seems to indicate a simi- 

larity in the growth pattern. As these species are from com- 

pletely different environments this common feature could pro- 

bably be an inherited characteristic of clupeiodes. 

Fish length versus otolith radius 

Sprattus sprattus 

Table 3 shows the results of the regression analysis of fish 

length/otolith radius for different stations. The results of 

the analysis of covariance to compare the slopes and the inter- 

cepts of these regressions for different stations are as 

follows: 

F (slope) = 3.06 N = 352 

F (elevation) = 57.49 K = 12 

F value (3.06) indicated a significant difference between the 

slopes. A Newman Keuls test showed that only the slopes of 

station 2 and 6 were different from one another. This dlffer- 

ence, however, was not taken into consideration as the regres- 

sion of station 2 was not very satisfactory as indicated by the 

low correlation coefficient and a high value for the intercept. 

Therefore, in spite of this difference of slope for station 

2, the data from all the stations were combined and a common 

regression was fitted: 

L = 10.13 R + 0.92 
where L = fish length in cm, and R = otolith radius in mm (Fig. 

3). The coefficient of determination was r2 = 0.78. 



T a b l e  3 

F i s h  l e n g t h  - o t o l i t h  r a d i u s  r e l a t i o n  i n  Sprattus sprattus. 
P a r a m e t e r s  o f  t h e  p r e d i c t l v e  r e g r e s s i o n  L = bR + a ,  w h e r e  L = 
f i s h  l e n g t h  i n  cm, R = o t o l i t h  r a d i u s  i n  mm, a  = e l e v a t i o n ,  b  = 
s l o p e .  

S t a t i o n  Number o f  S l o p e  E l e v a t l o n  C o e f f i c i e n t  o f  
number i n d i v i d u a l s  d e t e r m i n a t i o n  

1 2  8  8 . 6 7  1 . 1 0  0 .86  
2  3 6  4 . 9 9  3 .50  0 . 4 9  
3  3 4  1 0 . 3 0  1 . 4 7  0 . 9 3  
4  3 4  9 . 6 3  1 . 6 7  0 . 8 9  
5  2  6  9 . 9 9  1 . 4 7  0 . 7 4  
6  3  6  1 0 . 9 9  O .50 0 . 9 8  
7  2  6  8 . 1 9  1 . 6 1  0 . 7 1  
8  3 6  8 . 6 7  1 . 4 0  0 . 6 6  
9  2  4  1 0 . 5 6  0 .66  O .  72 

1 O 2  4  5 . 9 9  3 . 3 8  0 . 4 9  
11 4 O 7 .56  1 . 6 9  0 . 6 4  
1 2  3 2  1 0 . 2 9  0 .02  0 . 7 9  

C2 upea harengus 

The d a t a  a v a i l a b l e  f o r  h e r r l n g  were r a t h e r  s c a r c e ,  b u t  s t i l l  

a  l i n e a r  r e g r e s s i o n  was f l t t e d  t o  compare  t h e  r e s u l t s  w i t h  t h a t  

o f  s p r a t ,  The v a l u e s  o b t a i n e d  f o r  t h e  r e g r e s s i o n  a r e  a s  

f  o l l o w s  : 

L = 5 . 5 9  R + 1 . 6 6  N = 3 1  

r 2  = 0 . 7 8  

Compar l son  o f  f i s h  l e n g t h  - o t o l i t h  r a d i u s  r e l a t i o n  o f  s p r a t ,  

h e r r i n g  a n d  SardineZZa 

T a b l e  4  g i v e s  t h e  r e s u l t s  o f  r e g r e s s i o n s  o f  f i s h  l e n g t h  

v e r s u s  o t o l i t h  r a d i u s  f o r  t h e  d i f f e r e n t  s p e c i e s .  Compar i son  o f  

t h e  s l o p e s  o f  t h e  r e g r e s s i o n s  o f  s p r a t  and  h e r r i n g  showed t h a t  

t h e r e  i s  a  h i g h l y  s i g n i f i c a n t  d l f f e r e n c e  b e t w e e n  t h e s e  two 

s p e c i e s  ( t  = 2 7 . 0 7 ,  DF = 4 0 3 ) .  The s l o p e s  o f  t h e  r e g r e s s i o n s  o f  

t h e  t h r e e  SardinezZa s p p .  were shown t o  b e  d i f f e r e n t  f r o m  o n e  

a n o t h e r  ( D a y a r a t n e  and GjØsater 1986 ) . T h e r e f o r e ,  t h e  r e g r e s -  



Table 4 

Results of the regressions of fish length (cm) versus otolith 
radius (mm) of different species. 

Species Value of Coefficient of Number of 
the slope determination samples 

Sprattus sprattus 10.1 O. 78 3 74 
Clupea harengus 5.6 0.58 3 1 
Sardinelta sirm 11.5 0.84 5 7 
SardineZZa atbella 10.7 0.92 5 9 
Sardinella gibbosa 14.9 O .92 6 O 

sion of SardineZZa albeZla which had a value of slope closest 

to that of sprat was used for comparison. The resulted t value 

(t = 20.9, DF = 424) indicates that even these two slopes are 

significantly different. Therefore, it can be concluded that 

all the species studied had different slopes for the fish 

length otolith radius relationship. This means that the 

increase in otolith size for a unit increase in fish length is 

different. This could probably be a species-specific charac- 

teristic. 

These results should, however, be considered tentative as 

the regressions were based mostly on large size groups. Even 

for sprat, larvae smaller than 2.7 cm were not available. 

Therefore, the extrapolation of the observed linear relation to 

larvae may not be accurate. 

Length at age data 

The age of the fish was tentatively estimated by counting 
primary growth rings, and assuming that they are formed daily 

(Fig. 4 ) .  At most stations the variation in age was small 

(Table 5). Although stations 2, 3 and 4 gave similar mean 

lengths, there was a remarkable difference in age. (Fig. 5). 

Fish from station 2 were older than those from station 3 and 4 

and therefore had a lower growth rate. Fish from station 9 and 

11 also had the same mean length, but different age. 



1 O 
60 1 2 0  180 240  300 # 360 

AGE (days)  

F i g .  4 .  A p l o t  o f  t h e  e s t i m a t e d  a g e  v e r s u s  f i s h  l e n g t h  o f  
s p r a t .  

The  mean l e n g t h s  a n d  t h e  e s t i m a t e d  a g e s  o f  d i f f e r e n t  s a m p l e s .  

S t a t i o n  Number o f  L e n g t h  (cm) E s t i m a t e d  a g e  ( d a y s )  
number i n d i v i d u a l  Mean S.D. Mean S .D .  

1 3  O 3 . 3  0 . 4  9  6  1 4 . 3  
2  3 6  6 . 0  0 . 3  23  7  2 5 . 3  
3  3  4 6 . 4  0 . 9  1 8  3 4 1 . 6  
4  3 4 6 . 2  0 . 8  1 8  4 3 9 . 0  
5  2  7  6 . 7  0 . 7  204 3 8 . 8  
6  2  1 5 . 9  0 . 6  1 9  4  2 2 . 1  

1 8  8 . 8  0 . 7  203  1 2 . 8 *  
7 2  2  5 . 3  0 . 4  1 3  3  1 5 . 6  
8  4  1 5 . 3  0 . 4  1 5  7  1 3 . 0  
9  2  3  5 . 7  0 . 4  1 6  7  1 6 . 1  

1 O 2  5  6 . 9  0 . 4  2  1 7  2 2 . 1  
11 4  O 5 . 7  0 . 3  2  1 4  4 3 . 4  
1 2  2  9  5 . 4  0 . 5  1 5 9  1 6 . 5  

* a g e  e s t i m a t e d  u p  t o  t h e  w i n t e r  z o n e  
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These differences could partly be due to bias in ageing. 

Sorne of the differences could also be explained as geographical 

variations. Finally, the protracted spawning perisd for sprat 

(Johnson 1970, Grainger and Woodlock 1981) combined with a 

tendency to school by size (Freon 1983) could be expected to 

give effects like those observed with sarnples with a narrow 

size range giving highly viariable age. 



Comparison of growth estimates of sprat with that of 

SardineZZa spp. 

A plot of the estimated age versus length of all the sprat 

samples is shown in Fig. 4. As only a fraction of the size and 

age range was available, attempts to fit a von Bertalanffy 

growth curve directly to the data were not satisfactory. A more 

reasonable fit was obtained by assuming Lm to be 14.0 cm 

(Grygiel 1978, Johnson 1970, Wilson 1979). When a fixed Lm 

value was used it resulted in a K value of 0.82. This seems to 

be a rather reasonable estimate and could be compared with the 

available estimates which could be summarized as follows: 

Source von Bertalanffy growth parameters 

K Lm (cm) 

Johnson (1979 ) O. 53 13.2 

Grygiel (1978) 0.61 - 0.88 13.9 - 15.4 
Wilson (1979) 0.62 - 1.07 13.7 - 15.2 

The main purpose of estimating these growth parameters was 

to compare them with those of SardineZZa and these estimates 

are accurate enough for this purpose. 

Table 6 shows the growth parameters for the three Sardi- 

neZZa spp. (Dayaratne and GjØsater 1986) and the current 

estimates for Sprattus sprattus which were all estimated by 

counting the primary growth rlngs in the otolith. S. aZbeZZa 

and S. gibbosa seem to attain a maximum length of about 13-14 

Table 6 

von Bertalanffyqs growth parameters of SardineZZa spp. and 
Sprattus sprattus. 

Species L, K 
(cm) i year) 

SardineZZa sirm 22.0 3.7 
SardineZZa aZbeZZa 13.8 2.03 
SardineZZa gibbosa 14.1 3.49 
Sprattus sprattus 13 .O O .82 



cm which is not different from that of sprat. Yet they seem to 

have quite different growth rates. According to the current 

estimates sprat seem to attain a length of about 7-8 cm 

(largest size observed) in about 8 months. These fishes were 

born early in the year, and those born later in the year pro- 

bably over-winter as larvae as they are too late to metamor- 

phose before the winter (Iles and Jonhson 1962). Therefore, for 

sprat, the growth within the first few months of life depends 

strongly on the time at which they are hatched. This shows the 

effect of the changing environmental conditions on the growth 

of clupeoids in temperate waters. 

SardineLZa atbetta and S. gibbosa attain the same length 

in about 3-4 months. Even though the spawning of these species 

too is affected by the changes in the environmental conditions 

(such as monsoonal changes), it seems unlikely that their 

growth is so much affected and delayed by these changes. 

Spawning season 

The age estimated by counting the primary growth rings in 

otoliths was used to back-calculate the birth-date of the indi- 

vidual fish. Fig. 6 shows the frequency distribution (weekly) 

of the birth-date for each station. It seems that sprat have a 

protracted spawning period extending from February to July. The 

majority of samples, however, showed spawning during March-May. 

Those from st. 1 had a rather late spawning with a peak in 

July-August. They were probably from a local spawning within 

the fjord. Calculated spawning for st. 3 and 4 is somewhat 

similar, showing a bimodal distribution (Fig. 6). They seem to 

have one mode in March and another in May-June. The other 

stations on the west coast (st. 2 and 6) seem to have more 

extended spawning. Those from the south and southeast coast 

(st. 7-10) are not particularly protracted. However, samples 

from st. 11 have shown an extended spawning from the beginning 

of February to the beginning of May. 

The specimens from st. 6 were found to contain individuals 

from two year-classes. They were separated as O-group and 

I-qroup.sprat after examining the otoliths. The spawning time 



MONTH 

F i g .  6 .  P r r c e n t a g e  f r e q u e n c y  d i s t r i b u t i o n  of  t h e  b a c k - c a l c u -  
l a t e d  b i r t h d a t e s ,  g r o u p e d  i n  w e e k l y  i n t e r v a l s .  



of I-group individuals was calculated by counting the primary 

growth rings up to the formation of the winter rings (Fig. 7) 

which are assumed to appear around the first of November 

(Wilson 1979 1 .  
No particular trend in the timing of spawning was observed 

from north to south. Nevertheless, the northernmost station 

(st. 1 )  had a later spawning than those from the south (st. 

7-9). This could probably be related to the water temperature 

at the time of spawning. There is evidence that sprat in the 

North Sea spawn earlier in the south than in the north (Bailey 

and Braes 1976 1. 

It is not clear whether all the individuals from a single 

Nil8 
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Fig. 7. Calculated spawning for O-group and I.group fish from 
st. 6. 

station are from the same spawning population. According to 

Lindquist (1978), the sprat in the Norwegian fjords stem mainly 

from the Skagerrak spawning area. These larvae have drifted 

along with the prevailing currents and there is probably an 

influx of larvae into the fjords. Also, there is evidence of 

local spawnings within the fjords (E. Bakken, pers. comm.). 

Therefore, the samples collected could be a mixture of influx 

larvae and those spawned within the fjord itself. 

Spawning of sprat in Skagerrak and the Kattegat (north- 



eastern North Sea)area seems to have a peak in April-June 

(Lindquist 1978). The peak spawning at st. 7-9 is almost the 

same as in Skagerrak and Kattegat. Therefore, the origin of the 

sprat at st. 7-9 could probably be the Skagerrak area. This is 

reasonable as these stations are nearer to the spawning area 

and there are prevailing currents in this direction. However, 

the reason for the extended spawning season for st. 10 which is 

not far from st. 7-9 (Fig. 1) remains unclear. Estimated 

spawning for st. 11 (Fig. 6) is supported by the available 

evidence. According to Dahl et al. (19831, sprat eggs are found 

in the Langesund area from February to June with a peak during 

April-June. 

Bimodal distribution in spawning frequency for st. 3 and 4 

is supported by the otolith microstructure. These otoliths had 

two types of rings in the nuclear region, suggesting a differ- 

ence in time of spawning. Egg and larval surveys in Nordfjord 

in 1983 had shown an extended spawning with a higher peak at 

the beginning and apother lesser peak during the later part of 

June (Torstensen 19'84). Spawning was als0 observed in March 

(Torstensen pers. comm.). The present estimates als0 showed an 

extended spawning with a higher peak at the beginning of June 

and another lesser one in March. Spawning in late June was not 

observed in the present analysis. It could be that those who 

spawned later were too small to be caught by the sampling gear. 

Spawning season estimated by using O-group and I-group fish 

from st. 6 showed that there was not much difference in the 

spawning time in two successive years (Fig. 7). The age esti- 

mates of I-group samples are, however, not very reliable as the 

exact time at which the winter ring formed was not known. 

Evidence for daily periodicity of the primary rings in sprat 

otolith 

In general, the estimated spawning season of sprat seems to 

fit well with the known spawning (Johnson 1970, Baily 1979, 

Grainger and Woodlock 1981, Lindquist 1978, Hill and Dickson 

1978). The early spawning observed at st. 11 is well supported 

by the results of egg and larval surveys which had been carried 



o u t  o v e r  a  p e r i o d  o f  t i m e  ( D a h l  e t  a l .  1 9 8 3 ) .  The b i m o d a l  d i s -  

t r i b u t i o n  o f  t h e  s p a w n i n g  time i n  N o r d f j q r d  ( s t .  3  a n d  4 )  is  

c o n f i r m e d  by t h e  abundance  o f  e g g s  and l a r v a e  d u r i n g  t h e  same 

s p a w n i n g  s e a s o n  ( T o r s t e n s e n  1984 and  p e r s .  comm.). The c a l c u -  

l a t i o n s  o f  t h e  s p a w n i n g  s e a s o n  were b a s e d  on t h e  a g e  e s t i m a t e s .  

A s  t h e  a g e  e s t i m a t e s  were c a r r i e d  o u t  b y  u s i n g  t h e  p r i m a r y  

g r o w t h  r i n g s  i n  t h e  o t o l i t h s ,  t h e  a b o v e  r e s u l t s  s u p p o r t  t h e  

d a i l y  p e r i o d i c i t y  o f  t h e  r i n g s  i n  s p r a t .  

A s  t h e  m a t e r i a l  u s e d  f o r  t h e  p r e s e n t  s t u d y  were a l l  j u v e -  

n i l e s ,  i t  was n o t  p o s s i b l e  t o  g e t  r e l i a b l e  g r o w t h  e s t i m a t e s  f o r  

s p r a t .  However,  t h e  r e s u l t e d  v a l u e s  a r e  n o t  c o n t r a r y  t o  t h e  

a v a i l a b l e  g r o w t h  e s t i m a t e s .  

The s t r u c t u r e  and  p a t t e r n  o f  r i n g  d e p o s i t i o n  i n  s p r a t  is  

v e r y  s i m i l a r  t o  t h a t  o f  h e r r i n g  and Sardinella. P r e v i o u s  

s t u d i e s  o n  h e r r i n g  (CLupea harsngus) h a v e  v a l i d a t e d  t h e  d a i l y  

n a t u r e  o f  t h e  p r i m a r y  r i n g s  ( R o s e n b e r g  a n d  Lough 1 9 7 7 ,  G jØsæte r  

1 9 8 1 )  a l t h o u g h  some r e s u l t s  a r e  c o n t r a d i c t o r y  ( G e f f e n  1 9 8 1 ) .  

The d a i l y  p e r i o d i c i t y  o f  t h e s e  r i n g s  h a s  a l s 0  b e e n  v e r i f i e d  f o r  

SardineZZa s p p .  ( D a y a r a t n e  a n d  GjØsæter  1 9 8 6 ) .  The s i m i l a r  

o t o l i t h  m i c r o s t r u c t u r e  o f  a l l  t h e s e  s p e c i e s  t h e r e f o r e  g i v e s  

more c o n f i d e n c e  i n  t h e  h y p o t h e s i s  t h a t  t h e  p r i m a r y  r i n g s  i n  

s p r a t  o t o l i t h s  a r e  fo rmed  d a i l y .  

CONCLUSION 

The o t o l i t h  s t r u c t u r e  and  t h e  p a t t e r n  o f  p r i m a r y  g r o w t h  r i n g  

d e p o s i t i o n  o f  t h e  c l u p e i d s  f rom t r o p i c a l  a n d  t e m p e r a t e  w a t e r s  

seem t o  b e  s i m i l a r .  T h i s  i n d i c a t e s  t h a t  a l l  t h e s e  s p e c i e s  

s t u d i e d  f o l l o w  t h e  same p a t t e r n  o f  g r o w t h .  A s  t h e s e  s p e c i e s  a r e  

f r o m  e x t r e m e l y  d i f f e r e n t  e n v i r o n m e n t s ,  t h e  o b s e r v e d  s i m i l a r i -  

t i es  p r o b a b l y  r e f l e c t  c h a r a c t e r i s t i c s  t y p i c a l  o f  c l u p e i d s .  The 

d i f f e r e n c e s  o b s e r v e d  i n  t h e  n u c l e a r  r e g i o n  i n  s p r a t  o t o l i t h s  

s u g g e s t s  t h a t  t h e  o n s e t  o f  m e t a m o r p h o s i s  i s  d e t e r m i n e d  b y  

e n v i r o n m e n t a l  f a c t o r s .  

The e a r l y  l i f e  h i s t o r y  o f  s p r a t  s eems  t o  b e  a f f e c t e d  b y  t h e  

c h a n g i n g  e n v l r o n m e m t a l  c o n d i t i o n s .  A s  most o f  t h e  l a r v a e  b o r n  

l a t e r  l n  t h e  y e a r  seem t o  o v e r - w i n t e r  a s  l a r v a e ,  t h e  s t u d y  of 



otolith microstructure would be useful to get an accurate esti- 

mate of age, especially when annua1 rings are used. However, 

more detailed studies on this aspect are needed befor firm 

conclusions can be drawn. 
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Appendix I 

Details of the studied material 

Station Location 
number 

Bate of 
collection 

Trondheimsfjord 31.10.83 
Romsdalsfjord 27.10.83 
Nordfjord (Hyen 24.10.83 
Nordfjord (F~ryset) 24.10.83 
Sognefjord 23.10.83 
Hardangerfjord 21.10.83 
Topdalsfjord 15.09.83 
Flodevigen 02.09.83 
Flosta 08.09.83 
Kilsf jord 22.09.83 
Langangsfjord 23.09.83 
Sandefjord 25.09.83 
Eidangerfjord* 23.09.83 

Number 
of fish 

Length 
range (cm ) 

St. 1-12 sprat samples 
* herring samples 


