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Hicrostructur~l Observation of otoliths of. Walleye Pollock 
Collected in the Aleutian Basin, with Special Reference 

to the Annual Ring Structure 

Akira Nishimura 
National Research Institute of Far . Seas Fisheries 

ABSTRACT 

The microstructure of otoliths of pollock collected in the Aleutian 
Basin of the Bering sea was examined using the light microscope and scanning 
electron microscope. Under light microscopic observation with transmitted 
light; the otolith shows two alternate layers, an opaque zone which is 
observed to be a brown colour and a translucent zone which is observed to be 
white translucent. Although an obvious daily growth increment structure was 
observed in the portion equivalent to the opaque zone, the widths of daily 
growth increment became narrower gradually, as it nears the translucent zone, 
and .finally the daily growth increments disppeared in the translucent zone. It 
is assumed that ·the changes of otolith increment width is affected by the body 
growth rate, the seasonal changes of body growth rate were associated with the 
formation of the annual-ring structure affecting the microstructural changes. 
In the examined otoliths, the annual ring structure was .not clear after 8 
years old, but a .deep etched-groove structure had been formed periodically, 
and it was assumed that the age determination is possible using this 
structure. From th~ correspondence of the annual ring structure, and the 
observed growth, it was apparent that false rings were formed in the summer of 
the _first year, and it was indicated that this might be a cause for the 
overestimate of age determination. In addition, an attempt to estimate the 
growth :<pattern by converting the diameter of each annual ring to the body
length, and by observing this progression. 
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1. Introduction 

Under the observations of the polished thin sections of pollock 
otolith using light microscope, the two alternate layers were observed, an 
opaque zone which was a brown colour, and a translucent zone which was a 
white. It is assumed that this opaque zone is formed during the growth period 
from spring to summer, while the translucent zone is formed during the winter 
season. As for pollock, although the age determination is conducted by 
counting the translucent zone of the otoliths, the ages are not clear for 
older fish, and the possibility of existance of false rings is considered, and 
these phenomenon affect on the reliability of the age composition data which 
is basic information in stock analysis of pollock. 

Recently the inside of the otoliths of teleasts were shown to have 
concentric microstructures formed centring around the otolith nucleus on a 
daily basis, and it has been reported for several species to be the daily 
growth increment (Campana & Neilson 1985; Jones 1986). It is reported that 
the daily growth increments are also formed in otolith of larval and juvenile 
pollock (Nishimura and Yamada 1984; Bailey and Stehr 1988). This study was 
undertaken to increase the certainty on age determination of pollock collected 
in the Aleutian Basin, on the basis of the structural correspondence between 
the daily growth increment and annual ring, examined? 

2. Materials and Methods 

Twenty one individuals of adult pollock, ranging between 449 mm and 
547 mm in body length, collected using the midwater trawl in the Aleutian 
Basin of the Bering Sea from September 1988 to September 1990 were used. The 
fish were frozen and stored for almost one year and were thawed in the 
laboratory, measurements of the body length -and body weight were made, the 
otoliths of both sides were removed, and an otolith randomly selected was 
embedded in epoxy resin. 

The otoliths were ground with waterproof carbon paper (#4_00-#1,000) 
perpendicular (frontal) to the otolith surface along the long axis from both 
sides, and the specimens for observation were selected, that included the 
otolith nucleus on the ground surface and that had a thickness that permitted 
the transmission of light when they were examined by a light microscope. 
These selected specimens were mirror-ground with a lapping paste (manufactured 
by Maruto Co. Ltd.), cleaned using an ultrasonic cleaner, and etched with 0.2 
Mol EDTA for 4 minutes. The specimens were examined under the light 
microscope and scanning electron microscope (Hitach, S2,300). -When they were 
examined under the scanning electron microscope the surface of specimens was 
coated with platin-palladium under vacuum. 

In addition, the polished specimens of otolith were projected at lOx / 
magnification with the universal projector, and the otolith diameter 
corresponded to . the initiation and termination of each annual ring 
(translucent zone) were measured, and the middle value was considered to be 
the otolith diameter at each annual ring. Only clear annual rings were 
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measured. The diameters obtained here were converted to the estimated body 
length using the relative growth equation of the otolith length and body 
length (Nishimura and Yamada 1987). 

3. Results 

When the polished section of otolith of pollock was observed under 
transmitted light of a light microscope, the alternative of two layers, an 
opaque zone of brown colour and a translucent zone of white colour, was 
observed (Fig. 1-A). It is assumed that the opaque zone is formed during the 
growth period from spring to summer, while the translucent zone is formed when 
growth almost stops during the winter season. Although the obvious daily 
growth increment structure was observed at the opaque zone by the light 
microscope and scanning electron microscope observations (Figs. I-Band II-A), 
it was not observed at high magnification in the translucent zone (Fig. II-B). 
The daily growth increments which are observed in the opaque zone were not 
always the same width, and at the early stages of their formation in the 
opaque zone, narrow daily growth increments appeared, and their widths widened 
gradually as it nears the centre of the opaque zone, and the greatest width 
was found around the central part of the zone. Subsequently, the width of 
daily growth increments decreased gradually to the time of completion of the 
opaque zone, that is, in the position where the zone shifted to the 
translucent zone. The widths of the growth increments became extremely 
narrow, and the increments became impossible to detect at translucent zone. 
The number of daily growth increments observed in the opaque zone was about 
200 in the first year, but after that, the number of daily growth increments 
observed had a tendency to decrease, as age increased. The daily growth 
increment consisted of two alternative layers; the incremental zone which 
contains many crystals of calcium carbonate and the discontinuous zone which 
is etched into groove. It is known that the discontinuous zone includes 
relatively abundant organic substances (Dunkelberger et al. 1980). The daily 
growth increments observed in the opaque zone were composed of the incremental 
zone which was quite wide and the discontinuous zone which also was wide (Fig. 
II-A). In the incremental zone, relatively large needle-shaped crystals of 
calcium carbonate were observed (Fig. II-A). 

On the other hand, no arrangement of the etched-groove structure 
which is regarded as the discontinuous zone was observed in the translucent 
zone which is formed during the winter season, therefore, the daily growth 
increment structures were not recognizable. In the translucent zone, for fish 
age 3 years old and older, an obvious etched-groove structure was observed at 
its central part (Fig. II-B). 

In the otoliths of adult pollock examined, about first translucent 
zones were easily observed, and it was assumed that the age determination 
could be conducted easily for the fish younger than 8 years old. But the 
outer edge of the otolith which formed after that became translucent on the ' 
whole, and recognition of opaque zones and translucent zones was difficult, 
and age determination became difficult for the fish older than 8 years old 
(Fig. 1-C). However, the etched-groove structure which is formed in the 
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tran~lucent zone, while showing some complicated pattern, was observed with a 
certain periodicity, even though the recognition between the translucent zone 
and opaque zone became difficult at age of 8 years and older (Figs. I-C and 
II-C). The possibility of using this as an index of age determination was 
demonstrated. 

The daily growth increment structure was not observed at the outer 
edge of the otolith forme~ after the age of 8 years, even though the 
observation at high magnification using scanning electron microscope (Fig. II
D) • 

In the observation on the polished surface of the otolith along the 
long axis, the annual ring (translucent zone) began to form in the first year 
at an otolith diameter of 4.69 mm and was completed by formal at a diameter of 
5.10 mm on average. However, in the otoliths of 4 individuals of the 21 
individuals observed, thin translucent zones at diameters between 2 mm and ·3 
mm were observed. This otolith diameter was into the body length between 5 cm 
and 7 cm using otolith length-body length relationship (Nishimura & Yamada, 
1987). Almost 130 of daily growth increments were counted from the otolith 
nucleus to the thin translucent zone using the scanning electron microscope, 
about 15 of daily growth increment were inside this thin translucent zone 
(Fig. I-D). From these facts, the thin translucent zone observed here was 
determined to be a false ring which was formed during two weeks in the first 
summer. 

The maximum value, minimum value, and mean value of the diameter of 
each annual ring (translucent zone) measured along the long axis is shown in 
Table 1. Furthermore, the progression of maximum, minimum and mean values of 
the diameter of the otolith at each annual ring for individual body lengths 
are shown in Fig. l. Based on these values, the early growth pattern of 
pollock collected in the Basin was estimated, and it was shown that they spent 
the first winter at a body length of about 100 mm, that they continued to grow 
gradually up to the ages between 6 and 7 years old, and after that their 
growth almost stopped. 

4. Discussion 

It has been shown by results obtained from experiments on pollock 
reared in the laboratory that the diurnal formation of otolith growth 
increment does take place from the day of hatching (Nishimura and Yamada 1984; 
Bailey and Stehr 1988). Based on results obtained from examination of the 
otoliths of adult pollock, it was shown that the daily growth increment of the 
otolith was not observed to be continuous throughout the year. We can detect 
daily growth increments during their growing period from spring to summer, but 
not at positions which correspond to the translucent zone formed during the 
winter season. In addition, it was observed that even in the opaque zone, an 
obvious change occurred in the width of daily growth increment. The daily 
growth increment was narrow at the edge of the opaque zone, and wide at the 
central part of the opaque zone. This indicates the seasonal fluctuation in 
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growth per day of the otolith. It has been generally known that there is a 
high correlation between otolith length and b~dy length, and it has been 
reported that the relative of growth between the otolith le~gth and body 
length of pollock shows a high correlation (Frost and Lowry 1981; Nishimura 
·and Yamada 1987). Taking this into account, it is considered that the 
fluctuations in the width of daily growth increments indicate the growth of 
the body per day. The fact that the daily growth increment was observed in 
the opaque zone but not observed in the translucent zone, was considered to be 
influenced by good or bad growth of body at these respective period. 

Under the scanning electron microscopic observation the daily growth 
increment consists of two alternative layers, the incremental zone which is 
abundant in crystals of calcium carbonate and the discontinuous zone which 
becomes groove by etching. Although the two layers of incremental and 
discontinuous zones were observed at almost the same width in the opaque zone, 
the groove of discontinuous zone with an organic substance was not observed in 
the translucent zone, and only crystals of calcium carbonate were observed. 
Such microstructure differences were formed repeatedly and correspond with the 
annual ring structure, and it indicated that the opaque zone which is formed 
at the time of high growth during the summer is relatively abundant in organic 
substances and the translucent zone which is form~d at the time of low growth 
during the winter is not rich in the organic substances. It is generally 
known by the results of chemical analyses and X-ray micro-analyses that the 
opaque zone formed during the growing period is relatively rich in organic 
substances, the translucent zone formed during slow growing period is not rich 
in organic substances, and the degree of calcification in the latter is high 
(Mugiya 1965; Mugiya e~ al. 1985). The microstructural features observed in 
this study were in agreement with these findings. 

Although a different deep etched-groove structure has been clearly 
observed in the central part of the translucent zone formed during the winter 
season. This shape showed similar structure which has been reported as a 
check ring or discontinuity (Pannela 1981). Such a structure is considered to 
be formed under extremely low growth or stressed condition (Campana and 
Neilson 1986). There is the possibility that the pollock were suffered from 
the physiological stress during the slow growing period in winter, but it is 
not known in detail. It is necessary to further study the mechanism and cycle 
of formation of this deep etched-groove structure in the translucent zone. 

For pollock collected in the Aleutian Basin,·the repetition of two 
layers, the translucent and opaque zones was observed up to about 8 years old, 
the age of the fish younger than 8 years old was d~termined easily using this 
pattern. However, after 8 years . of age, the outer edge of the otolith became 
translucent and no opaque zone was observed, and the daily growth increment 
structure was not observed even by using the scanning . electron microscope. It 
was assumed, owing to the ·decrease in body growth, even during th~ summer, 
that the otolith growth decreased in company with that. However, the deep 
etched-groove structure observed in the translucent zone formed during the 
previous winter seasons was formed even after 8 years of age, while showing 
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some complicated patterns. This etched-groove structure had been forming with 
some certain periodicity, and it was considered possible to use this structure 
for age determination. 

Fish of younger that 5 years old were scarce in adult pollock 
collected in the Aleutian Basin centring in the international waters of the 
Bering Sea and the growing process at the time when they were young was 
unknown. The growing pattern of pollock collected in the Aleutian Basin was 
estimated at first by back-calculation of the results obtained from this 
study. In particular, since it is assumed that the growth pattern during the 
young phase is possible to vary by circumstances, it is important to grasp 
such a ·growth pattern when we estimate the origin of fish collected from the 
Aleutian Basin. In future studies it is necessary to consider the techniques 
to apply the growth estimation to the analysis of the stock, while grasping 
the range of methodological errors which may occur in the estimate, using 
numerous samples in the areas including the adjacent areas. 

Of the oto~iths fish which were observed at this time, almost 20% 
formed a false ring. These false rings were estimated to be formed at the 
time of body lengths were between 5 cm and 7 cm, during their summer as aged 0 
fish, because the diameter of the otolith was 2 mm to 3 mm. Although the 
cause of formation of this false ring was not clear, Mosegaard et al. (1988) 
reported that the otoliths of Arctic charr became translucent at rearing in 
high water temperature, and for pollock it might be caused by high water 
temperature during the summer season by the similar mechanism. When this 
false ring is distinct, it might cau·se an overestimate of age ·determination. 
Therefore, when we conduct age determination in the future, it is necessary to 
consider carefully the existence of false annual rings. At this time, 
considering _the correspondence of the daily growth increment structures is an 
effectl~e method. It is necessary to clarify the causes of formation and 
differences by area of rate of occurrence for the false ring at aged 0 fish in 
the future. 

References, Table 1 and Fig. 1 are in English in 
the Japanese document. 
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