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A NOTE ON A PROBLEM IN THE VISUAL
QUALITATIVE EVALUATION OF OTOLITH

ZONES
By

M. V. MINA

Department of Ichthyology, Moscow State University

Visual evaluations of "opaque" and "hyaline" zones in fish otoliths do not depend
directly on the absolute optical density of a certain zone or on the organic matter content
or on the rate of calcium deposition in the otolith at the period of zone formation. When
observing zone formation at the edge of an otolith we say "the opaque zone is laid down"
when calcium deposition slows down, and "the hyaline zone is laid down" when calcium
deposition speeds up.

It is obvious that we can only observe that a new zone has been laid down when the
change in calcium deposition is great enough to produce a change in the optical density
of the otolith substance that can be detected visually.

INTRODUCTION
In a great number of fish populations it can be shown that two layers of

substance are formed on the otolith every year. One of these layers is usually
called "opaque" and the other "hyaline". On cross-sections they are represented
by opaque and hyaline zones.

The present paper is an attempt to determine the real meaning of the terms
"opaque" and "hyaline". It has been established (MAIER, 1908; HICKLING,
1931; DANNEVIG, 1956; IRJE, 1960) that the optical density of the otolith
substance depends on the relative content of organic matter, and the details of
the structure of the latter being of no importance for us at the present moment.

Let us consider the case when it is possible to see clearly developed alternating
opaque and hyaline zones in an otolith. There is little doubt that higher organic
matter content is related to higher optical density of the zone. The usual point
of view is that the opaque zones contain more organic matter than hyaline zones.
DANNEVIG (1956, p. 159) even writes that "the transparent zone . .. contains
inorganic compounds only, and the opaque zone . . . contains both calcium
compounds and conchiolin". From that view-point it may seem natural to
conclude that hyaline zones are formed as a consequence of the intensive
deposition of calcium on the otolith, and opaque zones are laid down when
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Figure 1. Growth curves of otoliths and cod (from TROUT, 1954). Upper curve, otolith;
lower curve, fish. Data relating to 1943 year-class in 1949 and 1950.

the rate of calcification is low. Conclusions of such kind have been made by
MOLANDER (1947) and by IRIE (1960). Such a conclusion seems even more
plausible as it was found that a layer of the otolith substance, formed at a
period of high calcification rate, contained less organic matter than that formed
when the calcification rate was low (IRIE, 1960).

However TROUT (1954) concludes that the opaque zone in the otolith of
Barents Sea cod is laid down during the period of intensive linear growth of
fish. Since according to his data otolith weight increases in parallels to the
length of the fish (Figure 1) we should therefore come to the conclusion that
the formation of the opaque zone takes place at the period of the intensive
calcification. A marked increment in otolith weight can be produced only by
the deposition of calcium salts (mainly CaC03); the weight of the organic
matter as it was determined by several authors makes up only 4-0-11-5% of
the total otolith weight (VINOGRADOV, 1953).

There is an obvious contradiction between the conclusions by MOLANDER
and IRIE on the one side and our deduction from TROUT'S data on the other.

OPAQUE AND HYALINE ZONES
Now we shall try to consider the possible cause of the contradiction. It is

quite evident that when observing the thin slice of an otolith in transmitted
light directed from below, we count a zone as opaque or hyaline according to
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its brightness. It is known that the brightness is inversibly related to the optical
density of the zone. But we cannot say that we visually evaluate the absolute
optical density of the zone. It has been shown (MINA, 1965) that we call a
zone "hyaline" simply because it is more transparent than an adjacent one,
the latter being called an "opaque" zone. A certain "hyaline" zone may be
equal in brightness, and consequently in absolute optical density, to some
"opaque" zone that is not adjacent to it.

In some cases, for example in age determination of cod using the method of
"fracture and side illumination", the brightness of zones that are equal in their
optical density are higher the nearer the zone is to the source of light. Neverthe-
less we can see the same zones both on the cross-section and on the surface of
the thin slice, because the direction of change in the brightness of adjacent
zones is the same in both cases.

If we follow the process of zone formation in a cod otolith from month to
month we actually state what the brightness of the newly formed layer is
compared with the brightness of the layer that was laid down before. In the
case of the adjacent zones we may assume that their relative brightness is mainly
dependant on their relative optical density whatever the method of zones
observations.

So we can say with equal right "the opaque zone begins to form" and "the
optical density of the substance laid down on otolith increases", "the hyaline
zone begins to form" and "the optical density of the substance decreases".

In the first case we state the organic matter content increases, obviously
because of the lowering of the calcification rate, and in the second case that the
organic matter content decreases, because of the rise in calcification. Thus the
absolute rate of calcification has nothing to do in itself with our visual evalua-
tions "opaque" and "hyaline". It is an acceleration of the calcification process
that determines what our evaluation will be in a certain case. A hyaline zone is
laid down if the acceleration is positive, an opaque zone is formed when the
acceleration is negative, that is when the process is slowing down. It is clear
that we can only observe that a new zone has been laid down when the change
in calcium deposition is great enough to produce a change in the optical density
of the otolith substance that can be detected visually.

ZONE FORMATION AND GROWTH
Now we shall consider some of TROUT'S (1954) data relating to zone formation

in the otolith of Barents Sea cod. Figure 1 represents the growth in otolith
weight of the 1943 year-class during 1949 and 1950. As the otolith weight
increased mainly because of calcium deposition it is possible to consider the
first derivative of the function G (otolith weight) as a measure of the calcification
rate. On the first derivative curve (Figure 2) (o) and (h) indicate when an opaque
or hyaline zone respectively was observed at the edge of the majority of the
otoliths. As we can see, the indices for the different periods of time may be
different in spite of the same calcification rate.

In accordance with the deduction made above we should observe an opaque
zone at the edge of otolith from June to November 1949 when the acceleration
was negative, and a hyaline zone at the edge from November 1949 to June
1950 when the acceleration was positive. A new opaque zone should then begin
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Figure 2. First derivative of the function G, the weight of the single otolith. G is expressed
as tan a, where a is the angle between the tangent to a given point on the otolith curve in

Figure 1 and the abscissa.

h = hyaline zone formation
o = opaque zone formation
sp = split zone

to form. Thus the supposed periods of zones formation are for an opaque zone
June-November, and for a hyaline zone November-June. According to TROUT'S
(1954; 1957) observations these periods are respectively late June-October
and November-June. Taking into account the low degree of precision of the
data we have used, it is hardly possible to expect a better agreement.

As to the formation of a "split" within an opaque zone it obviously arises as
a consequence of some transitory changes in calcification and it is not recorded
by the curve we have considered above.

TROUT (1954; 1957) states that opaque zones are laid down in the cod's
otolith when body growth is at its maximum. However, as the linear growth of
Barents Sea cod and the growth in otolith weight are closely connected (Figure
1) we can say that the opaque zone is formed when linear growth is slowing
down and that the hyaline zone is laid down when the linear growth speeds up.

There are some other consequences of our deduction. If we observe that in
an otolith of a certain fish an opaque zone is formed and, at the same time in
the otolith of some other fish a hyaline zone is laid down, it does not necessarily
follow that the structure and optical density of these zones are different. The
difference in our evaluations may be due to the difference in the structure of
the zones previously formed.

To avoid mistakes and erroneous interpretations it seems necessary to bear
in mind the relative nature of our visual evaluations of the zones during otolith
investigations.

SUMMARY
1. The current qualitative evaluations of zones in otoliths as "opaque" and

"hyaline" are relative in their nature. Such evaluations do not depend directly
on the absolute optical density of a zone or on its content of organic matter.

2. A zone is judged as "opaque" or "hyaline" depending on whether the
adjacent zone is more or less transparent than the zone in question.

3. The hyaline zone is laid down when the process of calcium deposition
on the otolith speeds up and the opaque zone is formed when this process is
slowing down.
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