HOKKAIDO UNIVERSITY

Title Euconospira with Color Marking from the Permian of Japan

Author (s) Hayasaka, Ichiro

Citation Journal of the Faculty of Science, Hokkaido University. Series 4, Geology and mineralogy,
8(4), 349-360

Issue Date 1954-03
Doc URL https://hdl. handle.net/2115/35869
Type departmental bulletin paper

File Information 8(4) 349-360. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




EUCONOSPIRA WITH COLOR MARKING
FROM THE PERMIAN OF JAPAN

By

Ichir6 HAYASAKA
(With 2 Plates)

Contribution from the Department of Geology and Mineralogy,
Faculty of Science, Hokkaidd University, Sapporo; No. 521

I. Introductory.

While examining late Paleozoic macro-fossils of Japan in the cab-
inet of the Department of Geology and Mineralogy, Hokkaidd University,
the writer recently happened to come across with a trochiform gas-
tropod with an almost flat base. It originated in the Permian limestone
of Central Japan. Although the specimen is slightly deformed and
partly damaged, most of the more important diagnostic characters are
recognized quite clearly. A narrow selenizone buried between periphe-
ral flanges is recognized though the latter are mostly broken off.

These features, although apertural part is lost, show that the fossil
belongs to the genus Fuconospira Urricun and Scorerp which is widely
distributed in North Ameriea ranging from Carboniferous to Permian.

The original work of Urricn and Scorigrp in which the genus was
first introduced to science is beyond the reach of the present writer.
Howaever, it is briefly but exhaustively diagnosed by J. Brookes Knraur
in “Index Fossils of North America”, 1949. It readsag follows: “Conical
shells with deep sinus in outer lip culminating just above periphery
in a deep slit which generates selenizone deeply buried between two
carinae ; base flat, with narrow umbilicus; sutures linear”®.

Ag the genotype of Fuconospira what had been known as Pleuro-
tomaria turbiniformis (Mrex and Worrney) was designated by Kxraur
in 1937®, Many species of the genus have been known almost exclu-
sively from North America. Because of certain morphological features
that seem to be characteristic, however, the Japanese species is
regarded a new species. It is named FE. nipponice and is described
in the following pages.

Journ. Fac. Sci., Hokkaido Univ., Ser. IV., Vol. VIIIL, No. 4, 1953.
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Another point of interest and importance of the Japanese fossil is
the fact that it retains an unusual color marking on the surface of
the conch. Paleozoic fossils with various color markings have been
known in Furope and North America, though they have by no means
been common. As far ag the writer knows, the present specimen is
the first fossil with color marking discovered in our country. Not oniy
because of this, but also of the present situation of the problem of
fossilized color patterns in general which seems to involve unanswered
questions, it seems worthwhile to make a note on the observations on
the fossil snail at hand.

1. Description of Species.

Euconospira nipponica nov. sp.
Pl XX Figs. 1 and 2,

Coniecal, trochiform gastropod of rather large size, with an almost
flat base which is slightly convex beneath about the last 1/3 of body
whorl; concave toward umbilicus which is shallow, Shell thin, Periphery
angular, with a narrow selenizone just above peripheral edge, hounded
on both sides by projecting flanges or carinae though the latter are
broken away from the major part of the shell. Shoulder of each whorl
slightly convex ; just below suture a narrow, steeply inclined zone which
meets with a wide revolving ridge below to form a shallow groove in
between. Similar revolving ridges tend to be added toward periphery
as the conch grows, as is shown by symptomatic spiral relief on the
shoulder of body whorl. Whole surface ornamented with fine, thread-
like lirae or costulae that are retroambital and slightly convex forward ;
they extend backward from suture to selenizone, making an angle of
about 60 degrees with the former: they count about 5 in 2mm on
shoulder of body whorl. Beyond periphery, that is, on basal surface
costulae are again retroambital, first making an angle of about 45
degrees with periphery and gradually becoming almost radial toward
umbilical margin, thus prescribing a gentle curve convex backward.

Dryexsions @ —
Thickness of shell -~ ca. 1 mm after cleaning.
Apical angle - - ca. 90 degrees
Height - ooioiooiinnn ca. 90 mm (presumed from apical angle)
Width oo 110 mm

Whorls preserved --- 4 (possibly one more or two originally)
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Umbilicus - ca. 25 mm wide
Selenizone  -oooeeeeen ca. 3mm on body whorl

OpservaTions : — The present Japanese fossil is extraordinarily large
for a species of Rwuconospira. Perhaps the largest species hitherto
recorded may be K. taggartt (Meex) from-the basal part of the Weber
formation of Colorado™. Aside from the large size, however, these do
not appear approximate, though in possessing low revolving ridges on
the whorl they look alike. The American species seems to have higher
whorls and consequently a smaller apical angle. But as both the species
are represented by single specimens neither identification nor distinection
is easy. :

As to the enormous size of K. nipponica the writer has a few words
to express at this place. The loecality where the specimen is labellad
to have oceurred is the Nabeyama region, in the Kantd mountains.
At and near the limestone quarry of Kadosawa in this region the
writer collected and described a small brachiopod faunule consisting
of many specimens of huge sizes”; they are preserved in a black lime-
stone. In the similar bituminous zone of the limestone of Kinshézan,
Gifu Prefecture, an assemblage of gastropods and pelecypods of ex-
traordinary sizes has long been known to occur”, It seems that certain
brachiopods and molluscs, especially gastropods, behave similarly against
certain change or changes of the environmental conditions. The con-
spicuous size of K, nipponica which is believed to have occurred in assoc-
iation with a number of gigantic brachiopod species, therefore, is not
to be wondered at. o

The genus Fuconospira is quite popular in the Anthracolithic faunas
of North America, but it had not been known outside, until its occurrence
in southern China was reported by A. W. Grasau some time ago. In
his monograph on “the Permian of Mongolia”, 1931," a gpecies of Fu-
conospira which he named E. permiana was listed as one of the Permian
species in the Maping limestone of Kwangsi Province. Subsequently,
in 1936, this species was described and illustrated by him in a volume
of Palaeontologia Sinica®. According to Granauv this early Permian
species from southern China is a small fossil and Iacks spiral or revolving
relief on the shell surface. The thread-like lirae on the surface, pre-
seribing a gentle, forward curve make an angle of about 48 degrees
with suture. “At the band (that is, selenizone) they become vertical,
then passing over the shoulder angle, they curve gently forward to the
umbilical margin” (p. 304). Because of these features and the fact
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that the apical angle is smaller, this species is considered different
from the Japanese species under consideration.

In point of the general outline of the shell £, disjuncte Girty, 1915%,
appears to closely resemble E., nipponica especially in having a low spire,
though the species is very small. Except for the development of “seve-
ral sharp revolving, thread-like lines” on the undersurface of the body
whorl, that is, on the basal surface, F. halliona Snusarp, 1859, may
be comparable with K. nipponica, as is suggested by the description
quoted from Swuumanrp by Grwry"”, Perhaps E. obsoleta Grrry, 1908,
may be another species which closely resembles the Japanese species,
although Grrry himself is somewhat suspicious of calling it Fuconospira.
Morphologically they are very much alike. But E. obsoleta is described
to lack revolving sculpture on the shell surface. Moreover, the thread-
like costulae that are quite coarse, are directed backward from the
selenizone though they are wavy or flexuous. In E. nipponica also the
costulae curve back from selenizone, as stated above. .

Liocarrry anp Georocrcat, Horwizon :—Kadosawa limestone quarry,
Nabeyama region, Tochigi Prefecture. Lower Permian.

I1I. The Color Marking of Hconospira nipponicu.

The specimen of Kuconospira nipponica occurred in a black limestone
as stated already. The relatively thin shell is turned into black perhaps
by the impregnation of a bituminous matter. On the surface of the
spire an unusual sort of color marking was found while cleansing the
specimen with brushes and dilute acid. There had been no symptom
of such until the surface was slightly worn off by etching and brushing :
it seems as if the color marking was not exposed originally. Dircks
in his discussion on the coloration of mollusean and brachiopod shells
remarks as follows. “Die Farbschicht bildet niemals die direkte Ober-
fliche, sondern gehort einer unter dieser liegenden Zone an, pflegt in
vielen Féllen von einer starkglinzenden, durchsichtigen, glasartigen
diinnen Lamelle von kohlensaurem Kalk bedeckt zu sein. Diese Lamelle
ist ausserordentlich diinn und nicht kristallisierter kohlensaurer Kalk.
Unter ihr, den obersten Faszrschichten eingelagert und zwischen jenem
dussersten Blatt reichert sich das Pigment an”™, Possibly this thin
surface lamella, if it really exists, also was changed black in the case
of Fuconospira wipponica. Then, the absence of the color marking on
the basal surface of the latter may not be that it is lacking there,
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but that possibly the surface lamella is somehow still attached to the
shell, The writer has applied the same manipulation of etching and
brushing to the basal surface to trace the marking, but in vain. The
fragments and patches of mother rock sticked might have prevented
wearing of surface.

As is seen in the picture (Pl. 20, Fig. 2) there are seven gray ra-
diating bands on the side of the spire. It is obvious that each of these
bands or rays is not a continuous zone running between the apical region
and the basal margin. On the contrary, each whorl has gray bands
crossing the shoulder surface transversely and widening anteriorly, or
toward periphery. These gray bands increase in width as the whorl
grows ; that is, the later band is wider. At the same time the distance
between two bands also increase ambitally, so that the gray bands of
succeeding whorls almost coincide in position, to the effect that they
look like continuous rays at the first glance. Here we see that the
formation of color marking is in an intimate relation with the growth
of the shell: in other words, it is a part of life process.

The contrast between the black and gray becomes very distinet
whnen the specimen is dipped in water or at least when its surface is
wet. The pictures given (Pl. 20, Figs. 1, 2) are produced from pho-
tographs taken of the wet specimen,

In the foregoing lines the writer has described as if the gray bands
are the remaing of color marking. This is only an expression of his—
and in all probability of most people’s first impression obtained of the
specimen. However, in all the cases hitherto known the color patterns
in fossils are darker in color—either black, brwon or reddish brown—
than the shells themselves. Discussions have always been why the
fossil color markings are so dark while their Recent equivalents are of
brighter tints.  In K. nipponica the black areas between the gray bands
may happen to be regarded as color marks instead of the reverse.

1V. On the Color Markings of some Paleozoic Fossils

Fossil color markings as paleobiological objects seem to have escaped
from the notice of scientists for a long time. The oldest reference to
the color marks accessible to the writer is Pmirrirs’ “Geology of York-
shire”, part 2, 1936, in which Pleurotomaria flammigera Pimriivs is des-
cribed": it is characterized in having “colour varied with zigzag flashes”.
An excellent picture is given. It is quite likely that Purrrivs did not
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pay a particular attention to the marks which might not have been
very rare among the fossils he studied. In the Monograph of British
Carboniferous Brachiopoda, 1857, by Davibson, we find pictures of
Dielasma  hastate Sow. retaining color stripes radiating from beak"®,
These color stripes were correlated by Davipson with the similar color
markings of some Recent terebratulid brachiopods, and were assumed
to be “in all probability of a red color, similar to those we find in several
Recent forms, such as 7. rubellus, etec.”

Fogsil color markings are most frequently known in gastropods, being
seconded perhaps by brachiopods. There are many papers dealing with
such gastropods and brachiopods as well as some other forms of fossils.
Regarding brachiopods Rriourer’s investigations™ are. instructive. The
color markings in fossil brachiopods known to him had been exclusively
radiating stripes or radiating series of flecks, but he met with specimens
of Newberria? cimex Ricnrer, Devonian, with roughly concentric color
bands almost conforming with growth-lines or growth-wrikles. It ap-
pears that this occurrence stimulated Ricurer to extend his observations
and studies.

The color markings on the pedicle valves of Newberria? cimex are
not exactly coincident with growth-wrinkles, nor do they show the
bilateral symmetry with regard to form and number. In some spec-
imens they are divided into more or less anastomosing veinlets on the
visceral parts of the shell. These are the distinguishing features from
gome such comparable Recent forms as Terebratalia coreanice and the
like. Both fossil and Recent forms in which color bands are symmetric
and concentric suggest that the formation of such markings is in close
relation with the growth of the animals, What Ricnrer emphasizes in
his paper is that the formation of the color bands, as is seen on pedicle
valves, is “selbstindig” (independent) of the process of shell growth.
However, the color bands on the brachial valves of some specimens
are symmetric and more regular.

FEn passant, the color bands of Newberria? cimexr were examined by
Rrcurert® in a thin section vertical to the surface of the shell, and it
was assured that the black bands are formed of a black pigment filling
the concave zones between the concentric wrinkles: the pigment does
not penetrate into the prismatic layer, but simply covers the surface.

In Rictirer’s discussion we find many important data and suggestions
for the consideration of the fossil color markings as a whole: they are
very useful for the investigation of the similar phenomenon in other
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groups of fogsils,

In case of fossil gastropoda, color markings in many forms are seen
to have an intimate relation with the growth process of shells. Namely,
in some of them the color marking consists of revoloving band or bands,
as is exemplified by the Pennsylvanian species Holopea proutana HArr
(Pl. 21,Fig. 1) from Indiana“”, In other cases color markings coincide
with growth lines, as, for instance, in Glyptobasis marshalli Rounpy (Pl.
21, Fig. 2)%, algo from the Pennsylvanian of Indiana. These correspond
to the concentric bands seen in some brachiopods as were referred to
above, ‘

There is another group of color markings in fossil gastropods.
Within the writer’s access there are Pleurotomaria flammigera Puarriivs
from the British Carboniferous (Pl 21, Fig. 3)", already quoted, and
Naticopsis picfe Girty from the Mississippian of Indiana (Pl. 21, Fig, 4)°%,
In these the color markings consist of a number of zigzag lines or bands,
“independent” of the growth-lines. These are in a sense equivalents
of the asymmetric color bands on the pedicle valves of Newberria? cimex,
together making, as it were, a group of color markings that are “inde-
pendent” of the growth of the respective animals. By the way, how-
ever, if the increase of width of bands, whether revolving, wavy or
zigzag, is taken into account, all the color markings are not absolutely
“independent’” of the process of growth of shells of any kind of animals.

It is not easy to understand how such “independent” color patterns
were formed. But these are not an unigue phenomenon met with in
thesa fossil gastropods alone. There are examples of similar or even
almost identical patterns seen in some Recent shells., In the collection
of Recent molluscan shells near at hand there are several species of
Cypraes and Conus, for instance, that are ornamented with complicated
and apparently irregular color stripss and flecks. Of these Fulgoraria
rupestrise (Gyerin) (PL 21, Fig. 5) is especially important, because it has
a color marking consisting of delicate zigzag lines that are very much
like thoss of the Carboniferous gastropods quoted above. To this group
belongs FKuconospira nipponice in point of the color marking as is evident
in comparing the pictures. Moreover, in Trochus conus GMELIN We See
another case of analogy (Pl. 21, Fig. 6). This species is ornamented
with a number of red bands radiating from the apex downwards and
reaching to the marginal zone of the basal surface: the radiality is
obscured farther inwards toward umbilicus. If the narrow gray bands
of Fuconospira nipponica were originally coloar bands, then the affinity
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between this fossil and T'rochus conus appears very great. However, if the
black area between these gray bands of the former are the color marks,
the relation between these and the growth lines remains unaltered.

It seems very difficult, if not impossible, without many specimens
for examination, to investigate into the way of formation of such “in-
dependent” color markings—in reality, of all kinds of color markings.
Assuming that the fossil color patterns and the Recent ones are of the
same origin and nature, as has been held by Davrpson, Kavsar®”, Ricurer
and others, the problem can be solved only by the detailed investigat-
ions on the Recent shells. It is noteworthy that in certain gastropods—
in Astraea japonica Dunkrr (Pl, 21, Fig. 7), for instance—granulate ribs
that transversely cross growth-lines are formed on the surface. It is
evident, therefore, that there are in gastropods surface sculptures that
are “independent” of growth-lines just like the color marks.

Our knowledge of the fossil color marks goes as far back as to
the Ordovician age, as has been referred to elsewhere. Examples have
been found in all the later formations through the Mesozoic to the
Pleistocene : the younger the formation, the more frequent their occur-
rences, naturally, Throughout the geohistory, on the other hand, the
most common among fossils retaining color markings are known to be
gastropods as stated above. In this respect Kavser’s view in 1871 still
proves true. In his discussion on the color marking of the Devonian
“Rhynchonella” pugnax Kavser summed up in a table all the occurrences
of fossil color patterns then known to him from different formations®>.
Avoidingun necessary annoyance of mentioning the specific names listed
by Kavser, the distribution of various groups in different formations is
given below,

Gastropods | Brachiopods | Peleeypods | Cephalopod Total
Carboniferous 8 4 2 — 14
Devonian 3 ' y — 1 6
Silarian 1 — — — 1
Total 12 [§ 2 . 1 21
i

In this table we see not only that gastropods are most unmerous
or frequent, but also that the fossils with color marks had been found
most frequently in the Carboniferous formation. The same tendency
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is evident even now when there are much more numerous records of
occurrences. An interesting summary of our recent knowledge on
the fossil color markings was given by Martin Scuwarzeacy in 195099,
Bringing together all the occurrences known to him he obtained the
following table.

Frequency of Color Markings in Fossils

Carboniferous Paleozoic and Mesozoie
Brachiopods 6 23
Pelecypods 9 22
Gastropods 34 61
Cephalopods 4 41
Trilobites 1 1
Total b4 148

It is worthy of note, Scnwarzsacm remarks, that one third of all
the known cases occurs in a single formation especially of the limited
areas of the great coal basins of North America, and Western and
Central Europe. Following the point of view current among paleon-
tologists that fossil color marks and color patterns of Recent shells are
of the same nature, and based on the fact that the bright colors of
Recent shells are due to the influences of strong light which prevails
along the coastal zones, especially on coral reefs, of tropical seas,
Scuwarzpaoi tries a paleoclimatological conclusion. Namely, the Carbon-
iferous seas in our latitudes must have had the light and the water
conditions like those of the present day warm seas. Such an idea seems
to have been rather popular among scientists. Drercke®”, for instance,
discussed that the coloration and color patterns of Recent molluscan
shells are mimic adaptations in warm seas, so that the fossils with color
markings must have lived in the environmental condition similar to that
of those colorful shells. As a matter of fact, the Recent shells the
writer mentioned in the foregoing pages as the comparatives of the
fossils, are all the warm water forms. '

V. Concluding Remarks

The color markings retained by fossils are to be regarded as of
the same nature as those of the Recent shells, both being a surface
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phenomenon. The fossils with color markings, though exceptional cases
of fossilization among respective kinds, are considered to have lived
in warm, clear and shallow waters along the coast where light is
strong, analogous to the abode of the Recent animals with bright colors
and color marks. It is evident that the formation of the color mar-
kings has an intimate relation with the growth of the animals that
bear them.

In both the fossil and the Recent color marks there are some con-
sisting of stripes or bands that do not conform in trend with the growth
lines or growth wrinkles of the shells.

How such could be produced is a question which paleontology canmnot
solve with ease. Prof. K. Hrrasaxa, Niigata University, on the writer’s
question, suggested him that the reflected mantle margin which may
differ in form from the shell margin, may decide the shape of the color
patterns by secreting pigment. Besides, the successive color bands or
stripes appear to be formed at quite regular intervals,as has been seen
in Euconospira nipponica, Naticopsis picta, etc. among fossil gastropods and
in Trochus conus and Fulgoraria rupestris among Recent forms. Is it not
possible that these color stripes represent certain periods, say, seasonal
or annual ?

Ag to the nature of the pigment of coloration, investigations have
been made by some scientists, Kavser, as early as 1871, carried out a
detailed obssrvation,® and found that there is some differences between
the fossil and Recent pigments, and that the former must have been
changed from the original material through the process of fossilization.

The color markings in brachiopods, both fossil and Recent, are
known to be common in smooth forms, mostly in TeresraTuLIDAE. Among
the Paleozoic examples mentioned by Ricurer®®, Spirifer (Martinia) glaber
(Mart.) is also a smooth form, but Orthis (Schizophoria) resupinata (Marr.)
ig ornamented with fine radial striae, while “Rhynchonella” pugnax MAarr.
is a form with radial plications. It seems there are some more ex-
amples of this among younger fossils. In gastropods also most of the
species with color markings are smooth forms. Fuconospira nipponica has
a rather rough surface, but it is only an appearance due to the coarse
growth lines: there is no strong relief on the shell surface. A Penn-
sylvanian spesies Trachydomia wheeleri Swarrow from the coal Measures
of Illinois, reported by Krves®” may be an unusual case, It may per-
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haps be summed up that in gastropeds fossil color markings are com-
monly expected in forms with a smooth surface.

For the solution of the problem of the fossil color markings, there
remains much to be contributed by various lines of the biological in-
vestigations, as was pointed out even as early as in 1871 by E. Kavseg.

In concluding the writer desires to express his indebtedness to S.
Uozunt, post-graduate student of Hokkaiddé University, for his favor of
supplying him with necessary specimens of Recent shells and infor-
mations, and to S. Havasaxka, assistant in Téhoku University, by whose
labor he could get copies of passages and pictures from some important
paleontological works that had been inaccessible otherwise : photographs
were prepared by S. Kuiano to whom also thanks are due.
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Plate 20

Fuconospila nipponice HAYASAKA. Natural size.

Fig. 1. Lateral view. Development of selenizone is seen though somewhat
obscurely : gray and black bands on each whorl are oblique to the thread-like

costules or growth-lines.

Fig. 2. Apical view. Seven gray bands are recognized, radiating from apical

region.
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Havasagka: FEuconospira KUMANO photo.
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Plete 21

Fig. 1. Holopea proutana HALL, Carboniferous. Copied from ROUNDY, op.
cit., 1914, pl. TIT. figs. 11, 12 and 13, designated here a, b and ¢, respectively.

a. “Specimen in which only the fourth band shows”.

b. Color bands are seen on Jast two whorls. ROUNDY notices that there is a
thin, thread-like color band above the third band, but it is not clear in the origi-
nal picture.

¢. Specimen with two revolving color bands. A thin, light-colored, thread-like
line is seen above the lower color band: similar line above the upper band is
not clear.

Fig. 2. Glyptobasis marshalli ROUNDY, Carboniferous. Copied from ROUNDY,
op. cit., 1914, pl. III, fig. 4 (a) and 5 (h).

a. Specimen with “the most regular color bands”. These thin color bands are

almost coincident with the growth-lines.

b. Specimen with color bands and dots in alternation: these marks also seem
to conform with the trend of growth-lines.

Fig. 3. Pleurotomaric flammigera PHILLIPS, Carboniferous. Copy of orviginal
figure in PHILLIPS, op. cit., 1836, pl. XV, fig. 2. Color marking consists of
zigzag bands.

Fig. 4. Naticopsis picta GIRTY, Carboniferous. Copy of the original picture in
GIRTY, op. cit., 1912, pl. fig. 9. Color bands are more strongly zigzag than in
the preceding species. ’

Fig. 5. Fulgoraria rupestris (GMELIN), Recent. Natural size. This is to show
zigzag color patterns that are comparable with those of the two preceding
Paleozoic gastropods.

Fig. 6.  Trochus conice GMELIN, Recent. Natural size. This species is orna-
mented with a number of radiating red bands that show a very striking resem-
blance to the color bands of Euconospira nipponica.

Fig. 7.  Astraea joponica DUNKER, Recent. Natural size. This is to show the
formation, during life, of granulated ridges oblique to growth-wrinkles, just like
the color bands of Fuconospira nipponice and Trochus conus arve.
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Hayasaka: Fuconospire KUMANO photo.



