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upon observations of the arrangement of cells and striae on generally stained
histological preparations. No experiments had earlier been made in an attempt
to influence the formation of striae. These older hypotheses contradict each
other, and do not elucidate the problems of the formation of the striae. For
this reason it is necessary to attack them afresh, experimentally and with
modern methods. Summarily the problems can be arranged in four groups:
1) induction of the individual stria, 2) origin and development of the stria,
3) course of the stria, and 4) height of the stria.

Material and methods. For the study of the formation of the striae mainly
sections through the skin of roaches and preparations of entire scales of
roach have been used. These were in most cases fixed in absolute alcohol.
The sections were 7—10 p thick. For general purposes they were stained
with Heidenhain’s Azan and with haematoxylin-eosin, for the demonstration
of metachromatic substances with toluidine blue, and of nucleic acids with
methyl green-pyronine. The calcification was traced by means of the methods
according to Stoeltzner and v. Kossa.

The most important results have been obtained by the study of whole
mounts. In these the nuclei of the cells have been stained with gallocyanine-
-chrome alum, with haematoxylin, and with iodine-potassium iodide. The
reagents for nucleic acids and the salts of calcium are the same as those used
on the thin sections. The boundaries of the cells have been determined in
unfixed scales by means of silver nitrate and Stoeltzner’s method. On
account of their small thickness also entirely untreated scales are fit for
examination under the phase-contrast microscope. The elevation of the striae
over the troughs belonging to them has been studied with the aid of the
stereo attachment (see p. 391).

Experiments and observations. 1) The induction of the indivi-
dual stria. The stria originates under a fold of protein-forming cells. This
process will be dealt with in detail below (see p. 438). Earlier authors have
discussed the preceding induction of the stria in a rather superficial way.
Neave, however, observes that a local obstacle to the growth of the scale
causes high and closely set striae. On account of unsuitable methods and the
incomplete information about the formation of the collagen at that time
Neave was not able fully to utilize his observations.

On account of preliminary observations the present investigation was based
upon the working hypothesis that the formation of striae is induced by an
external resistance to the spreading of the scale. In the following section the
writer will account for experimental results and for observations on normally
growing scales which support this hypothesis.

In a series of experiments a thin rubber-sheet was streched round the
middle of a fish with the intention of studying the influence of the pressure
caused by the rubber-sheet upon the formation of striae upon the scales
involved. The duration of the experiments was, however, short as it was not
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possible to attach the rubber-sheet without, in the long run, injuring the fish.
On this account these experiments have for the time being to be regarded
as failures.

Certain features in the development of the regenerating scales indicate
that both a regeneration taking its normal course and one which is experi-
mentally influenced might be able to give valuable informations about the
induction of the striae.

A regenerated scale differs from a normal one by the lack of the focus,
its central portion being occupied by more or less rounded isolated plates
of the osseous layer which are separated from each other by furrows re-
sembling radii. The plates of bone originate about simultaneously, and grow
in all directions. When they meet, growth ceases. Only the peripheral plates
are able to continue to grow and to form larger portions of the osseous layer.
The edges of a bone plate are often situated slightly above or below those
of adjacent plates. The mutual resistance and the pressure they exert upon
one another before growth comes to a standstill evidently forces the edges
out of their normal direction of growth, parallel with the surface of the skin.

The central parts of the above described plates are as a rule without striae
of normal type. These parts are occupied by a network of haphazardly
arranged ridges which are lower than striae, and sometimes lack the sharp

edge characteristic for them. The ridges enclose groups of cells forming
uniform “centres of activity”. The first stria appears only in the periphery.
For this reason a plate in the central part of the scale usually has at the
periphery a stria which runs roughly parallel with the edge. A sector-shaped
plate, on the other hand, with possibility of unlimited growth at least in one
direction possesses at the apex of the sector one or several striae which run
towards the centre of the scale (Plate 23). These are followed by some
irregular ridges which are gradually transformed into normal striae. These
are directed towards the edge of the scale.

The arrangement of the striae in the regenerated scale indicates that the
pressure exerted between the plates of the scale, and which forces their edges
above or below each other induces also the formation of the striae. The
following experiments and observations supply additional support for the
hypothesis mentioned in the introduction to the effect that, as the result
of a resistance in the direction of the growth of the scale, a fold should be
formed in the assemblage of cells which forms the striae.

Within an area of about 4 cm2 upon the side of the fish the scales were
removed with the exception of some which were regularly distributed over
the entire surface, and consequently situated at certain distances from each
other. During the subsequent regeneration new scales were developed around
these left-over scales and at the margin of the surface of regeneration. These
new scales were prevented from growing in certain directions, but had com-
plete freedom to develop in others. The parts of the newly formed scales

28
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Plate 26. Modification of the morphology of the stria at locally increased growth. Stoeltz-
ner. Growth of the scale most vigorous in the direction towards the left upper corner
of the picture. X 230.

Plate 27. Part enlargement of the preceding picture. X 580.
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which early in their growth met with a resistance developed striae at the
time in question. Parts of scales, on the other hand, which grew without
hindrance lacked striae over the greater part of their surface (Plate 24). Striae
were formed only in the periphery, when the scales approached their
original size.

The result of an extremely vigorous resistance against the growth of the
scale can be seen in a number of normal scales from the border of the
gill opening (Plate 25). Here a bone, the cleithrum, prevents the development
of the cranial portion of the scale. This is strongly reduced with closely set,
high striae with well developed “teeth".

Thus support for the theory of the induction of the formation of the striae
by a resistance to the growth of the scale can be adduced both from re-
generated and from normal scales. Also the result of the absence of resistance,
when no striae are formed can often be studied upon regenerated scales .(see
above). In normal scales the corresponding phenomenon is less easily
observed. Below an account will be given of a case of local increase of surface
in an aberrant scale the shape of which can be supposed to be connected
with an absence of resistance to the spreading of the scale.

The Plates 26—27 represent a strongly developed “corner™ of an otherwise
normal scale. The assumption ought to be permissible that the great increase
of surface of the corner depends on the local absence of a normally
occurring counter-pressure which would limit surface growth. If we here
follow the normal striae towards the “corner” we find a gradual transition
into irregular ridges. The straight crest of the stria breaks up, and is replaced
by polygonal to rounded elevations which enclose bowl-shaped depressions
with one or a couple of nuclei at the bottom. These latter are most probably
remains of the scale-forming cells, and the borders of the “bowls” are limited
by the areas of activity . Only indications of unevenness on the part of the
surface of the osseous layer are found within the portion, where the increase
of surface has been greatest. When the influence of the factor inducing striae
diminishes, the increase of surface is made possible. The material which

Plate 28. Normal and “accessory” striae at fast growth of the scale. Stoeltzner. a =normal
striae, b = “accessory” striae, ¢ =radius. X 390.
Plate 29. Passage of the stria through the zone of calcification. Stoeltzner. a = osseoid
zone, b p zone of calcification, c= stria. The arrow indicates the outermost part of the
striae under formation in the osseoid zone. X 550.

Plate 30. Boundaries of cells in the periphery of the scale. Stoeltzner. a = 0sseoid zone
b =zone of -calcification, cl=the outermost stria, c2=the outermost but one stria!

d =boundaries of cells. X 600.

| late 31. Regeneration with formation of striae after resorption. Stoltzner. a = osseoid
zone, b limit of resorption, edge of erosion, ¢ =the first-formed stria. X 190.

Plate 32. Part enlargement of the preceding picture. For the signs, see Plate 31. X 560.
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normally should have entered into the formation of the striae seems now
to be consumed in the increase of surface.

The morphology of the striae changes within one and the same scale.
Schematical representations of the two extremes are given in Fig. 5. Common
to the different types is a more or less steeply inclined slope towards the
crest of the scale. The slope of the surface which faces the centre of the
scale is considerably steeper. Here the crest of the stria often forms an
overhang.

The shapes of the striae permit correlation with the rate of growth. In the
exposed parts of the scale, where the increase of surface is rapid, the striae
are low with a feeble slope towards the edge of the scale and a great distance
between their crests. The cranial part of the scale with its slower increase of
surface is covered by high, steep, and closely set striae.

The assumption lies most closely at hand that the dermis, being denser
at the bottom and the sides of the scale pocket, offers to the growth of the
scale a resistance which is approximately proportionate to the density of the
tissue. This assumption is supported by the fact that the boundary between
the unexposed and the exposed parts of a normal scale is very distinct with
regard to the configuration of the striae. This boundary is, furthermore,
absent in a scale of which no part is situated in a scale pocket. The stiiae
follow a practically circular course, and their mutual distance is the same
all around the scale.

Scales of the herring differ distinctly from those of the roach. 1he exposed
part is entirely without striae, the part which is hidden in the scale pocket
exhibiting striae which run roughly transversally across the scale. Scales of
this type occur upon the lateral sides of the herring, where the dermis is
very thin, and where the scales easily loosen from the pockets. The scales
upon the dorsal side resemble, however, the scales of the roach. Between
back and sides these two types of scales pass continuously into another
(Savage 1919). It is an interesting fact that upon the dorsal side the dermis
is much thicker, and that there the scales are solidly attached in the pockets.
Thus we find in the herring an obvious connection between the morphology
of the scales and the density and thickness of the dermis.

In this connection the following case is of great interest. From a brown-
-trout Muller (1953) has described a scale of Clupeid type. This information
proves the lability of the circumstances which influence the course of the
striae. In accordance with the first way of reasoning the thickness of the
skin must he assumed to have been considerably below normal in the
place where the described scale has been formed, but the author makes no
statement pointing in this direction.

Apart from the dermis also other factors are active in the normal induction
of striae. Neave demonstrated the mistake in the assumption that in a
regenerating scale striae are formed only when the scale has completely filled



GROWTH STRUCTURE AND DEVELOPMENTAL PHYSIOLOGY OF THE SCALE 437

crr-" ¢ <77"Em

Fig. 5. Diagram illustrating the formation of striae, and typical striae from the unexposed
(the upper pictures) and from the exposed part (the lower pictures) of the scale,
respectively. a=osseoid zone; b = calcification zone; c ™ calcified scale.

the scale pocket, i.e. has attained the size of the original scale. Since striae
are formed before the regenerate has reached contact with the walls of
the pocket, a factor must function here resembling in a way the influence
of the dermis. This applies also to the limited regeneration after resorbtion
of the edge of the scale. It is possible that also the fusiform inactive cells
in the periphery of the scale, which seem to be in a very solid arrangement,
oppose the expansion of the scale, and induce striae in the regenerating scale.

The scale shown in Plate 20 exhibits a seldom occurring irregularity in
the formation of the striae. This scale, like all in the roach in question, has
between the sparsely set striae of the caudal part a zone of irregular ridges (a),
while the cranial part shows closely set and high striae (b). The “bowl-
shaped depressions” agree in their appearance with those occurring in
regenerating scales prior to the appearance of normal striae. As a vague
suggestion only it might be proposed that in this fish the dermis and with
it the connection between the inactive cells in the periphery of the scale
have been so loose that the normal “damming up” of the growth of the
scale has not taken place. Normal striae are formed only when the epidermis
or the denser dermis in the scale pocket forms a greater obstacle to the
spreading of the scale.

According to an earlier conception the striae should be formed by a
calcified boundary between cells. The erroneousness of this assumption can
be demonstrated with the help of Plate 28. This picture represents a regene-
rating scale in which the formation of normal striae has begun. They are low
and irregular, and set at great distance from each other. Between each pair
of striae a very low and irregular ridge is found. This ought to be a calcifica-
tion of the boundary between cells, described on p. 438.

2) Origin and development of the stria. In the foregoing it
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has been reported that in several earlier investigations the cells had been
considered to determine the course of the stria in different ways. Also this
investigations started from the working hypothesis that the stria should be
formed between two rows of cells. This opinion was, however, not supported
by the staining of nuclei and cell boundaries. It could, on the contrary, be
seen that a fold is formed in a whole assemblage of scaleforming cells,
and that an insignificant thickening of the osseoid is formed in this fold.
In connection with the calcification new material is added to this thickening
which grows out into a complete stria. Below an account is given of the
whole course of the origin and development of a stria upon a normal scale.

Under the phase-contrast microscope combined with the stereo attachement
the extreme portion of a freely ending stria can be seen in whole mounts
in the osseoid zone, as a rule roughly in the middle of it (Plate 29). This
presumptive stria is a low and narrow rise upon the otherwise smooth
surface. In the direction towards the zone of calcification the stria reaches
a height of about 3—4 p. Within the zone of calcification the height of the
stria increases rapidly. When ready formed it is about 12—15 u high. (These
values have been read on the fine adjustment screw of the microscope, and
agree on the whole with the results of measurements taken on pictures
obtained by electron microscopy; Signer, v. Beust, and Corti 1951).

The greatest interest is linked to the point, where the stria first rises above
the osseoid. There one or several factors have changed in relation to the part
of the osseoid zone without striae. These cause the origin of the stria. The
study of the arrangement of the cells is, however, made difficult by the fact
that the boundaries of the cells across the osseoid zone cannot be stained
with the above-mentioned methods. This is probably due to the circumstance
that the substance in the walls of the cells to which the metal ions are
adsorbed is not developed before the cells have been in a state of activity
for some time. The positions of the nuclei do, however, not point to any
special arrangement of the cells. These seem to be arranged irregularly along
the germ of the stria and in its prolongation upon the smooth osseoid surface.

Roughly at the outer border of the zone of calcification the staining of
the boundaries of the cells becomes possible. A network of boundaries of
cells, apparently without regular arrangement, is found upon that face of
the stria which is directed towards the periphery. Where this stria turns
to become the outermost but one, and where it is thus separated by one
stria from the edge of the scale, the irregular boundaries of the cells are
as a rule replaced by one boundary (occasionally by two, rarely more,
Plate 30). This runs fairly parallel with the striae and roughly in the middle
of the trough. Within the completely calcified part of the scale also this
boundary disappears, and in the central portions only the boundaries of
the cells across the troughs are left.

The connection between the stria and the cells that form it is seen best at
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the transition between the zone of calcification and the osseoid zone. Under
favourable conditions both the uncalcified and the calcified part of the stria
as well as the superimposed cells can be distinguished simultaneously. The
boundary between the bone stained brown by Stoeltzner’s reaction and
the thin overlying osseoid layer is distinct. Above, and in the continuation
of the latter an indication of a fold is seen in the whole assemblage of cells.
On account of the size of the active cells and of the wealth of plasm the fold
is often distinct under lower magnifications as an optically denser layer.

The fast increase in height of the stria during calcification indicates that
this process is of vital importance for its formation. A study of thin sections
through the edge of the scale confirms this. Staining with toluidine blue
has given the clearest results.

Also in sections the osseoid stria can be seen as an insignificant elevation.
During the approach of the zone of calcification it increases somewhat in
height. The calcification begins at the base of the stria, and spreads upwards
in it. The scale-forming cells deposit newly formed proteins upon the
hardening stria (Plate 4). The proteins “ripen”, become calcified, and are
covered by new material as long as the cells remain active.

3) The course of the stria. Both the building-up of a new osseous
layer and certain features in the formation of a stria can be studied during
the regeneration of the scale which follows upon its resorbtion caused by
lack of vitamin D, after the experimental diet has been replaced by adequate
food (Cf. pp. 413 ff.)). When osseoid was formed, it was covered by cells
with large nuclei and rich in plasm which were of the type described in the
normal formation of scales. The germ of the first stria was formed, while
the osseoid zone was still narrow, and before calcification had taken place.
The course of the stria agreed closely with that of the edge of erosion (Plates
31—32). The course of the stria was evidently determined by the solid and
hard osseous layer on its inner side, while the smooth edge of the osseoid
zone remained passive in this respect. The distance between the first stria
and the edge of erosion was considerably greater than the distances between
the striae upon the normal osseous layer inside the edge. The width of the
osseoid increased quickly, and in this connection the distances between
the striae grew. The irregularities in the configuration of the edge of erosion
which had set their stamp upon the course of the first stria were transmitted
also to the following, yet with decreasing effect. The stria which follows the
edge of erosion now obviously performs the function of the solid and hard
osseous layer. During the earlier stage of the regeneration the zone of
calcification was broad, but its width decreased to about the same extent as
that of the osseoid, when the scale was about to reach its original shape.

4) The height of the stria. Height and shape of the striae vary
within wide limits even within one and the same scale (cf. p. 435). In the
cranial part of the scale, which is sunk into the scale pocket, the striae are
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high and “wave-shaped». The distances between the striae are short. Upon
the caudal, exposed part of the scale the striae are lower and more distant
from each other. It is characteristic that the distances between a series of
striae, e.g. in a section, are very constant with exception of the transitions
between “summer rings and winter rings”. The quantity of material which
enters into the formation of a stria is as a rule larger than that of the inter-
vening trough. For this reason it seems probable that the cells which produce
the stria remain active during a longer period than those below the trough.
Alternatively the assumption is of course possible that the cells forming the
stria produce a greater amount of scale material per unit of time. In this case
this might depend on an excitation of the active cells by the pressure exerted
by the growing stria.

Summary. On the base of the reported observations a new hypothesis can
be advanced for the formation of the striae: At the transformation of the cells
an obstacle in the direction of the growth of the scale (dermis, inactive
preparatory stage of the scale-forming cells, or another factor) causes in
the assemblage of cells a pressure between the obstacle in question and the
calcified scale on the inside. Periodically, on reaching a threshold value, this
pressure induces the formation of a fold which temporarily removes the
pressure.

The osseoid is deposited in the trough in the shape of a low ridge. The
cells remain active while the calcification of the stria goes on, and for this
reason osseoid is successively deposited upon the hardening stria. This
thereby increases rapidly in height when the osseoid is calcified, and the
deposited material lifts up the active cells (Fig. 1). Once these cells have
been transformed into osteocytes, and the stria has become completely
calcified, no more material is added to the stria.

In the foregoing two alternatives have been proposed, both implying
obstacles to the increase of the surface of the scale, consisting in structures
in the immediate vicinity of the edge of the scale. In either case the calcified
scale on the inner side or the last fully developed stria function as an
immovable barreer. Between this and the outer structure takes place the
transformation of active ellipsoidal cells from their elongated fusiform pre-
decessors in the periphery of the scale. At the transformation the cells grow
in thickness, and require more space. Resistance from three directions, viz.
from outside and inside, and from below, caused by the osseoid forces the
cells upwards. The formation of the folds would thus become the result of
the accumulated pressure which at regular intervals, i.e. when the pressure
has reached a certain theshold value, forces the cells upwards. This increase
of the surface of the assemblage of cells temporarily removes the pressure.
Afterwards it rises again towards the next critical peak. There remains no
doubt that a formation of folds in the assemblage of cells is the base of the
normal formation of striae. A deposition of osseoid between rows of cells
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produces by itself only low and irregular ridges (Plate 28). Also the funda-
mental importance of the calcification for the growth in height of the stria
appears indisputable. The increase in height at calcification is directly
measurable, and can be followed in series of sections.

Series of experiments with regeneration of resorbed edges of scales demon-
strate the dependence of the configuration of the first newly formed stria
upon the edge of erosion behind it. But also later formed striae are influenced,
i.e. the course of a stria is determined to a large extent by that of the im-
mediately preceding (Plates 31—32). This is in good agreement with the
above discussion. Of a stria forming a bulge towards the periphery this bent
part is younger than its other, farther inside situated portions. Thus the
cells outside the bulge are upon an earlier stage of their transformation, and
the pressure is consequently lower there than in front of the major part
of the stria. For this reason the formation of a new stria will take place
earlier outside the older part of an existing stria than outside its bulge.
This can be observed without difficulty in a number of preparations "of

entire scales.

The Formation of the “Winter ring” in Relation to the Annual
Cycle of the Scale

Introduction. It is a generally accepted older opinion that rapid growth
of the fish during the warm season leads to greater intervals between the
striae. With a slowing down of growth during autumn and winter, however,
the striae are set more closely or are incomplete, and form a “winter ring”
or annulus. From later papers, e.g. by Segerstraite (1932), Beckman (1942),
Jones (1953), and Tesch (1955), it is, however, evident that the “winter ring”
is on the contrary formed during spring and early summer, i.e. at the be-
ginning of the estival growth. Beckman proves with perfect evidence the
dependence of the formation of the structure on a certain minimum tem-
perature, but none of the three first-named authors advances any histological
points of view. Tesch presumes “that a certain increase of calcified sub-
stances takes place without a simultaneous augmentation of the organic
substance”.l This he believes to lead to well developed, but closely set striae.
His reasoning is based upon antiquated statements by Hase (1911) which do
not agree with our present knowledge about the formation of bone.

In dealing with the regeneration of resorbed edges of scales we have shown
m the foregoing that the first-formed striae are often close to each other
with a small osseoid zone outside the periphery of the scale, but that the
distances between the striae increase at a fast rate, while at the same time
the zones of osseoid and of calcification increase in width (see p. 439). This

1 Author's translation.
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problem has been attacked experimentally with the aim of elucidating the
changes of the zone of growth at different temperatures.

Material and methods. In a series of experiments the fishes were starved
for about 1 /2 month at a temperature of 7°—8° C. Thereafter the temperature
was slowly raised to about 18° C, while the animals were given food at the
same time. Other fishes were kept at 0°—7° C from Nov. 30 1955 to April 3,
1956, but were fed during the whole time. The scales of these fishes were
treated according to Stoeltzner’s method. In doing so the times of reaction
were kept constant: cobaltous nitrate 2 min., washing 1 min., and ammonium
sulphide Vz min. It was intended afterwards to acclimatize the fishes to a
higher temperature, but they died.

Finally the growth has been followed of a number of fishes from March
t6 September at a temperature of 18°—20° C. Simultaneous controls of the
scales were carried out. In addition scales from newly caught fishes have
been treated according to Stoeltzner’s method with larger intervals during
the course of the whole year.

Results. Preliminary observations on the scales of roach treated according
to Stoeltzner had indicated that within the cranial portions of the scales
the width of the zone of growth deccreases or even drops to nothing, especially
in winter. It was observed also that the osseoid was broad during summer.
The former observation is corroborated by the experiments with fishes which
were kept in cold water during winter, even if the width of the osseoid was
small, and varied between different scales. At the termination of the experi-
ments the zone of growth was altogether missing in some cases, or consider-
ably narrower than in fishes which were growing.

Fishes which had starved in cold water could be kept alive for about
23 weeks after their transfer into warm water. After about 10 days a
feeble, but distinct increase in the width of the zone of growth could be
noticed.

Scales of fishes which are actually growing always exhibit a wide zone
of growth. Of particular interest is the case of two fishes in an aquarium
(18°_20°C) of which one became 0.5 cm longer, while the other did not
grow at all. A control examination proved the latter to contain a Ligula. The
scales of the first fish showed a wide zone of growth, whereas those of the
latter resembled most closely scales of fishes caught during winter.

The above reported experimental results are not entirely corroborated by
the results from staining of scales of freshly caught fishes. Thus, e.g., scales
with a narrow zone of growth have been encountered during summer. This
can be due to different causes: the fish in question may not be healthy, it
may be attacked by parasites or the like, or the scale may be derived from
a comparatively large fish. It is worth mention that the observation that largei
roaches grow much more slowly than the smaller is of a late date.

Discussion. The material at hand shows that fishes in the state of growth



GROWTH STRUCTURE AND DEVELOPMENTAL PHYSIOLOGY OF THE SCALE 443

possess scales with a wide zone of growth. The increase in width can be
derived from either of the two components, the osseoid zone or the zone of
calcification. In the majority of cases both increase in width simultaneously,
but occasionaly the zone of calcification is narrow in spite of a relative great
width of the osseoid zone.

The increase in width of the osseoid zone during the summer evidently
causes a certain retardation of the calcification in relation to the synthesis
of the proteins. In this case striae are formed which usually run into the
osseoid zone, and end there. The calcification of the existing matrix on the
other hand continues even after the termination during autumn of the pro-
duction of proteins. In this latter case earlier preformed striae are calcified,
but the striae come to terminate freely in the interior of the osseous layer,
since no simultaneous apposition of proteins takes place. At the same lime
the wave of calcification continues towards the edge of the scale.

On the basis of earlier observations on the formation of striae under
regeneration after the resorbtion of scales, when striae were formed shortly
after the begin of the synthesis of proteins, the origin of the “winter ring”
can now be described in the following way: In the autumn, when the growth
of the fish and of the scales has ceased, the calcification of the osseoid zone
with the striae occurring in it continues. When the calcification passes these
striae, they are left behind as low striae which terminate freely upon the
surface of the osseous layer. This is due to the circumstance that the stria
does not run exactly parallel with the outer edge of the osseoid zone, and
therefore is not developed simultaneously throughout its entire length, but
from a single point by a gradual growth around the scale. The first stria is
preformed, when growth is resumed. This stria is complete, since its curvature
is determined by the outline of the calcified scale. The influence of the inter-
rupted striae upon the process is small, as pointed out above. A few more
striae are formed close to each other, but with the increase in width of the
osseoid zone also the striae are formed at gradually increasing intervals.
This introduces the formation of the “summer ring”.

On this account the application of Stoeltzner’s method to the scales of a
certain individual should be able to tell, whether or not the fish is in the
state of growth at that time. The method is easy and fast in application, the
whole process being carried out in a test-tube in a few minutes. The boundary
between the zone of calcification and the osseous layer is very distinct, but
on account of the small differences the choice for analysis of the most
suitable scales is advisable. It is thus necessary to know which scales are
most suitable in each species, and what parts of the scale give the best
results. In this investigation on the roach mainly scales from the area above
the lateral line in the anterior half of the fish have been used. Of these
scales the sides of the unexposed part have proved the most suitable. Finally
it is necessary by an examination of a greater number of scales from fishes
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at different seasons entirely empirically to determine the ratio between the
width of the zone of growth and the rate of growth.

Summary

The extremely numerous investigations into the development of the scales
of fishes which have been published have not resulted in a greater measure
in widened information on the subject. On the contrary, the resultats of
examinations, also those carried out at the same time, have not agreed even
in the main points. This can partly depend on technical difficulties, inherent
with the object, partly on deficient general information about the way in
which the extracellular components of the connective tissue are formed,
and partly on the great differences existing between the different species
examined. This last point implies that it is not admissible to assume the
applicability of results obtained from one type of scales to every other type.

The problem of the origin of the striae which is of the greatest importance
for practical studies has given rise to widely divergent hypotheses. These
have in all cases been based upon general, non-specific histological stainings,
while practically no attempts have been made to approach the problem by
an experimental analysis.

In this investigation specific histochemical methods have been applied to
the study of the scales of fishes for the first time. By this procedure it has
been possible to elucidate the presence of acid mucopolysaccharides in the
osseous layer and their connection with the calcification. The zone of giowth
of the scale and the scale-building cells have been identified. In this way
it has been possible to follow the development of a stria from the germ stage
to the stage of full development. The discovery of the great importance of
the calcification for the morphological configuration of the stria was sur-
prising. On the basis of these facts together with the experimental results
both the mechanism of the formation of the striae and the development of
the “winter ring” have been drawn up. The striae are supposed to be the
results of a compression of the scale-forming assemblage of cells between
the dermis in the scale pocket and the calcified scale. The compression is
due to the increase in volume of the cells on their transformation into the
active stage. The accumulated pressure induces the formation of a fold
in which the stria is formed. The closely set striae of the “winter ring” are
supposed to be formed at the resumption of growth in spring and as a result
of the small width of the osseoid zone, since the distance between the striae
is, within certain limits, proportionate to this width. Thus a determination
of the width of the zone of growth makes it possible roughly to decide whether
or not an individual is in a state of growth.

Several earlier authors are of the opinion that the fibrillary plate and the
osseous zone have different origins. In the present investigation it has,
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however, been possible to demonstrate that osseous layer as well as fibrillary
plate are extracellular formations which in addition merge into one and
into the same germ structure at the periphery of the scale. The absence of
metachromatic substances renders the fibrillary plate unique among calcified
tissues. By the absence of alkaline phosphatase and glycogen in the scale-
forming cells also the scale as a whole exhibits a simplified type of the
formation of bone.

The main interest has been directed towards the formation of the striae
and the development of the scale. In this connection the experimental study
of the formation of the striae has yielded certain results of a more general
physiological bearing. Strong arguments have been advanced for the opinion
that the fishes are unable to synthesize their entire requirement of vitamin C.
Also vitamin D is necessary in order to prevent damages in the exoskeleton
of the fish. An examination of the serum calcium indicates a strict governing
of the metabolism of calcium in the fish.

The author is very much indebted to Professor Per Erik Lindahl for his
valuable criticism and great interest in this work. The author also wishes
to thank miss Gertrud Thelin for her technical assistance.

This investigation has been financially supported by the Fishery Revenue
Funds.

Literature

Agassiz, L. Ann. Set Nat.. Ser. 2, 14, 97, 1840.
Baudelot, E. Arch. Zool. Exp. Gen., 2, 87 0. 427, 1873.
Becher, H,, K. Hoegen, and G. Pfefferkorn. Acta Anat. 20. 105, 1954.
Beckman, W. C. Pap. Mich. Ac. Sei. Arts Lett. 28, 281. 1942.
Bevelander, G. and P. L. Johnson. J. Cell. Comp. Physiol. 25/26, 25, 1945.
—_ — Anat. Rec. 108, 1, 1950.
— _J. Dent. Res. 24. 123, 1955.
Biering, A. Acta Ped. 31, 235, 1943.
Bodansky, A., R. M. Bakwin, and H. Bakwin. J. Biol. Chem. 94. 551, 1931.
Bourne, G. H. Quart. J. Exptl. Physiol. 32. 1, 1943 (a).
WE J- Physiol. 102, 319, 1943 (b).
— The Biochem. and Physiol, of Bone, New York, 1956.
Bradfield, J. R. G. Exptl. Cell Res. Suppl. 1, 338, 1949.
8§|f Biol. Revs. 25, 113, 1950.
Caglioti, V., A. Ascenzi, and M. Scrocco. Experientia 10, 371, 1954.
Caspersson, T. Symp. Soc. Exptl. Biol. 1, 127, 1947.
Crichton, M. |. Fish Board Scot!. Salmon Fish. 4. 1, 1935.
Dahl, L. Proc. Soc. Exptl. Biol. Med. 80, 474, 1950.
Danielli, J. F.,, H. B. Fell, and E. Kodicek. J. Exptl. Pathol. 24, 196, 1943.
Delsol, M. Compt. Rend. Soc. Biol. Paris, U7, 1184-, 1953.
Dietrich, M. A. Quart. J. Micr. Sei. 94/1, 1953.
Dombrowski, H. Biol. Zentr. Bl. 72, 182. 1953.
Dziewiatkowsky, D. D. J. Biol. Chem. 178, 931, 1949.
—_ J. Biol. Chem. 189, 187, 1951 (a).
— J. Exptl. Med. 93, 451, 1951 (b).



446 OLLE WALLIN

Faber, M. Arch. Pathol. 45, 3i2, 1949.

Fach, M. Zschr. Anat. Entw. Gesch. 105, 288, 1936.

Fer1, H. B. and J. F. Danienti Brit. J. Exptl. Pathol. 24. 196, 1943.

Fernandez-Moran, H. and A. Engstrom. Nature 178, 494, 1956.

Foris, R. H. Bull. Johns Hopkins Hosp. 89, 9, 1951.

Fontaine, R. and Portier. Compt. Rend. Ac. Sei. 193, 1218. 1931.

Fraisse, B. Die Regeneration von Geweben und Organen bei Wirbeltieren, besonders
Amphibien und Reptilien. Kassel-Berlin, 1885.

Giangrosso, G. Boll. soc. ital. biol. sper. 14, 522, 1939.

------- 14, 525, 1939.

— and C. Gangantino. Boll. soc. ital. biol. sper. 14, 531, 1939.

GLICH, D. Techniques of Histo- and Cytochemistry, New York, 1951.

Gomori, G. Am. J. Pathol. 19, 197, 1943.

Green, E. H. and R. W. Tower. Bull. U. S. Fish Commis. 21, 97, 1901.

Gossner, W. Zschr. miss. Mikroskopie u. mikr. Tech. 61, 377, 1954.

Haempel, O. Zschr. Fischerei 25, 477, 1927.

Hancke, H. Zschr. Chir. 245. 530, 1935.

— Klin. Wochschr. 15, 1121, 1936.

Harris, J. H. and S. N. Ray. Biochem. J. 26: 2, 131, 1932.

Hase, A. Jen. Zschr. Naturmiss. 42, 607, 1907.

— Anat. Anz. 40, 1911.

Hass, G. M. Arch. Pathol. 35, 275, 1943.

Heller, M,, F. C. McLean, and W. Bloom. Am. J. Anat. 87, 315, 1950.

Heller-Steinberg, M. Am. J. Anat. 89, 547, 1951.

Hoffbauer, C. Allg. Fisch-Ztg. 19, 1899.

------- 25, 1900.

Horowitz, N. H. J. Dented. Res. 21, 519, 1942.

Jackson, S. F. Nature 173, 950, 1954.

Jones, J. W. Fish. Invest. Ser. 1/5, nr 7, 1953.

Kraatsch, H. Morph. Jahrb. (Gegenbaur) 16, 97, 1890.

Kroon, D. B. Acta Anat. 15, 317, 1952.

Lauber, H. J. Beitr. klin. Med. 161, 565, 1936.

__ pp Nafziger, and T. Bersin. Klin. Wochschr. 16, 1313, 193/.

Littie, R. D. Bull. Int. Ass. Med. Mus. 32, 83, 1951.

Lindanht, P. E. and O. Waitin. Arkiv for Zool. 8/8, 561, 1955.

Logan, M. A. J. Biol. Chem. 110, 375, 1935.

Lorch, I. J. Quart. J. Micr. Sei. 88, 367, 1947.

------- 90, 183, 1949 (a).

------- 90, 381, 1949 (b).

Mandi1, L. Am. Sei. Nat. Ser. 2, 13, 62, 1840.

Masterman, A. T. Fish. Invest. Ser. 1/1, nr 3, 4, 1923.

McChesney and GiacOMINO. J. Clin. Invest. 24, 680, 1945.

McDonald, M. J. Gen. Physiol. 32, 39. 1948.

McGee-Russell, S. M. Nature 175, 301, 1955.

Moog, F. Biol. Bull. 86, 51, 1944.

— and E. L. Wenger. Am. J. Anat. 90, 339, 1952.

Morgan, T. H. Arch. Entw. Mech. 10, 1900.

Mutter, K. Inst. Freshwater Res. Rep. 34, 78, 1953.

Nardi, F. Arch. Entw. Mech. 133, 621, 1935.

Neave, F. Trans. R. S. Canada 30, 1936.

— Quart. J. Micr. Sei. 81, 541, 1940.



GROWTH STRUCTURE AND DEVELOPMENTAL PHYSIOLOGY OF THE SCALE 447

Neuman, W. F. Trans. Jos. Macy Conf. on Metabolic Interrel. 2, 32, 1950.
— and M. W. Neuman. Chem. Revs. 55, 1, 1953.

Nusbaum, J. Anat. Anz. 30, 297, 1907.

Paget, G. W. Fish. Invest. Ser. Il, Sea fish. Vol. IV, nr 3, 1920.
Pevsner, V. Zool. Anz. 68, 303, 1926.

Pflugfelder, G. Arch. Entw. Mech. 146, 115, 1953.

Pickford, G. Bull. Bingham Ocean. Coll. 14/2, 5, 1953.

Pincus, P. J. Calif. State Dent. Ass. 26, 16, 1950.

Porter, K. R. Trans. Jos. Macy Conf. Connect. Tiss. 2, 126, 1951.
Pritchard, J. J. J. Anat. 84, 236. 1950.

,,,,,,,,,,,,,,,, 86, 259, 1952.

—1 in: Bourne. Biochem. and Physiol, of Bone, 196, 1956.

Rasquin, P. and L. Rosenbloom. Bull. Amer. Mus. nat. Hist. 1953.
Reddi, K. K. and A. Norstrom. Nature 173, 1232, 1954.

Robinson, R. Biochem. J. 17, .286, 1923.

Roche, M. J. and E. Bullinger. Bull. Soc. Chim. Biol. 21, 166. 1939.
— J. Collet, and M. Morgue. Enzymologia 8, 257, 1940.

— and M. Morgue. Compt. Rend. Acad. Sei. Paris, 214, 809, 1942
Rubin, P. S. and J. E. Howard. Trans. Jos. Macy Conf. on Metabolic Interrel. 2, 155, 1950,
Ruth, E. B. J. Stain. Technol. 21, 1, 1946.

— Am. J. Anat. 80, 35, 1947.

Ruyter, J. H. C. Acta Anat. 16, 209, 1952.

Salbey, R. Arch. Anat. Physiol. Wiss. Med. 729, 1868.

Sauer, V. Arch. Entw. Mech. 132, 1, 1934.

Savage, E. E. Fish. Invest. Ser. Il, Sea fish. Vol. 4, nr 1, 1919.
Schereschewsky, H. C. R. Ac. Sc. URSS 29/2, 165, 1940.

Schmidt, W. J. Die Bausteine des Tierkdrpers in polarisiertem Lichte, 310, 1924.
— Zschr. Naturforsch. 2 b, 233, 1947.

— Zschr. Mikr. 60, 1, 1951.

Schaperclaus, W. Fischkrankheiten, 2nd ed. Braunschweig, 1941.
Segerstrale, C. Acta Zool. Fenn. 15, 9, 1932.

Setna, S. B. J. Univ. Bombay (Biol. Sei) 2:5, 17, 1934.

Signer, R., F. v. Beust, and U. A. Corti. Schw. Zschr. Hydrol. 13, 31, 1951.
Skjerven, O. Acta Endocrin. 14, 52, 1953.

Sobel, A. E., J. Cohen, and H. Kramer. Biochem. 1. 29:2, 2640, 1935.
— Trans. Jos. Macy Conf. on Metabolie. Interrel. 4, 113, 1952.
Steenbock, H. and Black. J. Biol. Chem. 64, 263, 1925.

Stoeltzner, W. Wirch. Arch. Pathol. Anat. 10/180, 362, 1905.

Sylvén, B. J. Bone and Joint. Surg. 29, 973, 1947.

Taylor, H. F. Bull. Bur. Fish. 34, 289, 1914.

Tesch, W. Zschr. Fischerei, 4, 322, 1955.

Wallin, O. Quart. J. Micr. Sei. 97, 329, 1956.

Wassermann, F. Am. J. Anat. 94, 399, 1954.

Williamson, W. C. Philos. Tr. Royal Soc. London 139, 435, 1849.
Wunder, W. and H. Schimke. Arch. Entw. Mech. 133, 245, 1935.
Wunder, W. Arch. Entw. Mech. 143, 396, 1949.

Yamada, J. and S. Saburo. Mem. Fac. Agr. Hokkaido Univ. 2, 354, 1953.






*1.

*3.

*5.

®© ~

10.

11

12.
13.

14.

15.

*20.
*21.

*22.

23.

24.

25.

26.

27.

Reports from the Institute of Freshwater Research,
Drottningholm

Gunnar Aim. Statens undersdknings- och forsoksanstalt for sotvattensfisket. Dess till-
komst, utrustning och verksamhet. English summary. 1933. Pris kr. 0: 75.

Gunnar Alm. Vatterns roding, Fiskeribiologiska undersdkningar. Deutsche Zusammen-
fassung. 1934. Pris kr. 0: 75.

Christian Hessle. Markningsférsok med gadda i Ostergétlands skargard aren 1928
och 1930. English summary. 1934. Pris kr. 0:50.

Gottfrid Arvidsson. Markning av laxéring i Vattern. Deutsche Zusammenfassung.
1935. Pris kr. 0: 75.

Sten Vallin. Cellulosafabrikerna och fisket. Experimentella undersdkningar. Deutsche
Zusammenfassung. 1935. Pris kr. 0: 75.

Gunnar Alm. Plétsliga temperaturvaxlingars inverkan pa fiskar. Deutsche Zusammen-
fassung. 1935. Pris kr. 0: 75.

Christian Hessle. Gotlands havslaxdring. English summary. 1935. Pris kr. 0: 75.
Orvar Nybelin. Untersuchungen Uber den bei Fischen krankheitserregenden Spaltpilz
Vibrio Anguillarum. 1935. Pris kr. 1: 25.

Orvar Nybelin. Untersuchungen Uber die Ursache der in Schweden gegenwértig vor-
kommenden Krebspest. 1936. Pris kr. 0: 75.

E. Rennerfeit. Untersuchungen uber die Entwicklung und Biologie des Krebspestpilzes
Aphanomyces astaci. 1936. Pris kr. 0: 75.

Gunnar Alm. Huvudresultaten av fiskeribokféringsverksamheten. Deutsche Zusam-
menfassung. 1936. Pris kr. 1:—.

Gunnar Alm. Industriens fiskeavgifter och deras anvandning. 1936. Pris kr. 1:50.
H. Bergstrom och Sten Vallin. Vattenférorening genom avloppsvattnet fran sulfat-
cellulosafabriker. 1937. Pris kr. 0: 75.

Gunnar Alm. Laxynglets tillvaxt i trdg och dammar. English summary. 1937. Pris
kr. 0: 75.

Gunnar Alm. Understkningar over tillvaxt m.m. hos olika laxéringformer. English
summary. 1939. Pris kr. 2: 50.

Lars Brundin. Resultaten av under perioden 1917—1935 gjorda fiskinplanteringar i
svenska sjoar. Deutsche Zusammenfassung. 1939. Pris kr. 1:—.

Nils Térnquist. Méarkning av vanerlax. English summary. 1940. Pris kr. 1:—.

Sven Runnstrom. Véanerlaxens alder och tillvaxt. English summary. 1940. Pris kr. 1. —,
Arne Lindroth. Undersokningar over befruktnings- och utvecklingsférhéllanden hos
lax (Salmo salar). Deutsche Zusammenfassung. 1942. Pris kr. 0: 75.

Lars Brundin. Zur Limnologie jamtlandischer Seen. 1942. Pris kr. 2:—.

Gunnar Svéardson. Studien Uber den Zusammenhang zwischen Geschlechtsreife und
Wachstum bei Lebistes. 1943. Pris kr. 1:—.

Gunnar Alm. Befruktningsforsok med laxungar samt laxens biologi fore utvand-
ringen. (Fertilization-Experiments with Salmon-parr.) English summary. 1943. Pris
kr. 1:50.

Gunnar Svéardson. Chromosome Studies on Salmonidae. 1945. Pris kr. 3:—.

Arne Lindroth. Zur Biologie der Befruchtung und Entwicklung beim Hecht. (Géddans
befruktnings- och utvecklingsbiologi samt gaddklackning i glas.) 1946. Pris kr. 3:—.
Gunnar Alm. Reasons for the occurrence of stunted fish populations. (Uppkomsten
av smavéxta fiskbestand, spec, hos abborre.) 1946. Pris kr. 3:—.

Gosta Hogstrom. Olika impregneringsamnens lamplighet for grovgarnig fiskredskap.
Deutsche Zusammenfassung. 1947. Pris kr. 1:—

A. Mé&ar. Uber die Aalwanderung im Baltischen Meer auf Grund der Wanderaalmar-
kierungsversuche im finnischen und livischen Meerbusen i. d. J. 1937—1939. 1947.
Pris kr. 2: —.

Elias Dahr. Biologiska studier over siken vid mellansvenska 6stersjokusten. English
summary. 1947. Pris kr. 2: —.

Annual Report for the Year 1948 and Short Papers. 1949. Pris kr. 3: 50.

Lars Brundin. Chironomiden und andere Bodentiere der sudschwedischen Urgebirgs-
seen. English summary. 1949. Pris kr. 15: 00.

Annual Report for the Year 1949 and Short Papers. 1950. Pris kr. 3: 50.

Annual Reportfor the Year 1950 and Short Papers. 1951. Pris kr. 4: 50.

Annual Report for the Year 1951 and Short Papers. 1952. Pris kr. 8:—.

Annual Reportfor the Year 1952 and Short Papers. 1953. Pris kr. 8:—.

Annual Reportfor the Year 1953 and Short Papers. 1954. Pris kr. 8:—.

Annual Reportfor the Year 1954 and Short Papers. 1955. Pris kr. 8:—.

Report from the Institute of Freshwater Research, Drottningholm. 1956. Pris kr. 8:—
Report from the Institute of Freshwater Research, Drottningholm. 1957. Pris kr. 8:—.

* QOut of print.






