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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, c = 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 = osseoid zone 
b = zone of calcification, c1 = the outermost stria, c2 = the outermost but one stria!

d = boundaries of cells. X 600.

I late 31. Regeneration with formation of striae after resorption. Stoltzner. a = osseoid 
zone, b limit of resorption, edge of erosion, c = 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. 1 he 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 Müller (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
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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 Segerstråle (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. Tesc.h presumes “that a certain increase of calcified sub­
stances takes place without a simultaneous augmentation of the organic 
substance”.1 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 
tö 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
2__3 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
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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.
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