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Abstract

A shell of discinid brachiopod was washed ashore on Ikarashi beach, Niigata, Japan. 
Because the detailed morphology of the extant discinids in Japan has not been previously 
examined, we described the external and internal structures of this specimen to provide 
insights into the taxonomy and biogeography of the present discinid. The specimen is a 
well-preserved dorsal valve characterised by the external ornamentations of concentric 
growth lines and fine, radiated ridges called costellae. The internal surface of the shell 
exhibits two distinct pairs of muscle scars (posterior adductor and anterior adductor I), two 
faint pairs of muscle scars (anterior adductor II and oblique lateral) and two supposed pairs 
of muscle scars (oblique posterior and oblique internal). Based on the external characters, 
the specimen evidently has diagnoses of the genus Discradisca, thus being identified as 
Discradisca sp. The most similar species to the present specimen is Discradisca stella Gould, 
but the dorsal valve of Discradisca seems to share characters that are impossible to identify 
using both qualitative and quantitative methods. On the Japanese coast, there are three 
species if the original descriptions are correct, of which Discradisca stella and Discradisca 
sparselineata (Dall) show similar habitats and distributions. Given that the dysoxic, 
interstitial habitat of Discradisca could alter the secretion of shell during growth, a clue to 
reveal the taxonomic problem would be an ecomorphological viewpoint, specifically 
addressing the test of relationship between morphology and microhabitat.
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Introduction

Beachcombing is crucial to exploring drifted objects that wash up on beaches, which 
provides basic information on geology and biology in terms of ocean current dynamics (e.g., 
Donovan, 2011; Seo and Tanangonan, 2014; Davies et al., 2022). Of these drifted objects, most 
benthic animals are dead with no evidence of the actual habitat, while they can be regarded 
as proof to expect a likely ecosystem under the shallow sea. The more minor the animal, the 
more important will be to discuss their diversity and distribution because of little evidence 
in the world.

Ikarashi beach, facing the Sea of Japan, is located 900 m northwest of Niigata University, 
Japan (Fig. 1) and consists of fine-grained sands with bioclasts. There are abundant drifted 
objects such as driftwoods and marine debris of Japan, Korea and Russia based on their 
notation (Ishizaki et al., 2023), possibly transported by the Tsushima Warm Current. 
Typically, planktonic animals show mere seasonality by means of the inflow of the 
Tsushima Warm Current (e.g., Matsuoka et al., 2001, 2002; Itaki, 2003; Itaki et al., 2003; 
Kurihara et al., 2006, 2007, 2008; Kurihara and Matsuoka, 2009, 2010), while some benthic 
animals appear to expand their distribution northwards along the coast of the Sea of Japan 
(e.g., Gallagher et al., 2015; Yoshioka, 2020). To understand the dynamics of biogeographic 
changes in benthic animals, periodic reports of the presence or absence of benthic animals 
are needed.

The linguliformean brachiopod, which was recently found in Ikarashi beach, appears to 
be a conical shape of dorsal valve with fine radial costellae, representing a species of the 
genus Discradisca Stenzel (1965). Discinid shells on beaches have been reported from the 
Sea of Japan since 2011 (Oki Marine Biological Station, 2011; Ogiso et al., 2014, 2019; 
Yoshioka, 2016, 2017, 2020), with no detailed morphological information. As a preliminary 
step to identify the discinid species, we described the external and internal morphology of 
this specimen, followed by perspectives of the morphological variation and the distribution 
of Discradisca.

Material and methods

1. Sampling locality
A discinid brachiopod shell was collected from Ikarashi beach, Niigata, Japan (Figs. 1, 2: 

37°52'14.8"N, 138°55'30.6"E) at a lower tide (tide level of 14 cm) on 2 November 2022. At the 
locality 5 m from the shoreline beside the wharf, small shells 5‒10 mm in size remained on 
the beach by the undertow and accumulated parallel to the shoreline (Fig. 2A, B). The shell 
assemblage consists mainly of small bivalves (e.g., Protothaca jedoensis (Lischke, 1874) and 
Donax semigranosus Dunker, 1877) and echinoderms Scaphechinus mirabilis Agassiz (1863) 
(Fig. 2C).
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2. Brachiopod specimen
The discinid brachiopod specimen is a dorsal valve of Discradisca sp. cf. D. stella (Gould, 

1862), showing well-preserved external ornamentations and internal structures associated 
with soft parts. The specimen is 11.1 mm length, 10.8 mm width and 3.7 mm height. 
Schematic illustrations of the valve morphology and terminology adopted herein are shown 
in Fig. 3. Among the terminology, primary radiated ridges are generally so-called costae, 

Fig. 1. Map showing the sampling locality of Ikarashi beach, Niigata, Japan.

Fig. 2. Photographs of the sampling locality. A. Photograph showing the sampling point and wharf. 
B. Shell assemblage on the beach. C. Magnified photograph of shell assemblage.
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while the secondarily branched ridges are costellae (Williams et al., 1997a). In the present 
specimen, we could not find any difference between costae and costellae, so we adopted 
costellae for all the radiated ridges.

The external and internal morphology of the specimen was observed in colour and 
greyscale photographs using a digital camera Sony α7R IV (Sony Corporation, Japan). Prior 
to greyscale photographing, a whitening treatment with ammonium chloride was performed 
on the specimen.

3. Distribution of Discradisca species
To examine the distribution of extant Discradisca in Japan, we listed all the reports of 

discovery available on published articles and short reports as formal references and 
websites of public institutions and private blogs as informal references. Several reports lack 
evidence of species identification; therefore, we declined to use the original description but 
adopted D. sp.

Results and discussion

1. Morphological descriptions
Figure 4 is a colour photograph showing a colour pattern, and Figures 5 and 6 are 

greyscale photographs showing morphology. The specimen of the external surface shows a 
geometric colour pattern by means of a combination of a concentric pattern (sahara colour: 
code #c49c64, straw colour: code #d3b47f) and radial pattern (bark brown: code #63390e) 
(Fig. 4A). The radial pattern of dark colour is shown in the interval of costellae but not on 
the costellae themselves (Fig. 4A, D, E). The colour pattern of the internal surface is 
comparatively pale (cherished gold colour: code #c1975a), while the area associated with the 
internal structure, such as muscle scars, shows a brown colour (bright tan colour: code 
#835121) (Fig. 4B, F).

Fig. 3. Schematic illustrations of Discradisca sp. cf. D. stella (Gould, 1862), showing terminology.
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The dorsal valve shows a nearly circular outline with a conical shape (Figs. 4A, C, 5A). 
The anterior slope of the cone gently convex, while the posterior slope is slightly concave 
(Fig. 4C). The lateral slopes are slightly convex to flat and smoothly continue towards the 
convex anterior slope and the concave posterior slope. The dorsal apex is smooth and 
located very slightly posterior to the centre.

The external surface exhibits fine radial costellae and numerous concentric growth lines 
(Fig. 5A). There are three patterns of external ornamentations: central, transitional and 
peripheral areas (Fig. 5B). The central area, inside of approximately 2.3 mm diameter, is 
characterised by faint concentric growth lines with no radial costellae (Fig. 5B: central). The 
most central part is a larval shell 350 μm in diameter, which has no ornamentation of either 
concentric growth lines or radial costellae (Figs. 4D, 5B, C: LS). The transitional area, inside 
of approximately 5.6 mm diameter except the central area, has concentric growth lines and 
comparatively faint, fine radial costellae (Fig. 5B: transitional). Both ornamentations of the 
posterior part are finer and more distinct than those of the anterior part. A new costella is 
occasionally inserted at which the interval of two radial costellae increased during growth 
(Fig. 5B: white arrowhead). In this case, the insertion of a new costella occurs when the 
distance between the two costellae reaches approximately 0.3 mm. In the case of shell up to 

Fig. 4. Colour photographs of Discradisca sp. cf. D. stella (Gould, 1862). A. External view. B. Internal view. C. 
Latelal view. D. Magnified image around the apex showing a larval shell (LS). E. Magnified image of costellae 
anterior to larval shell. F. Magnified image of the internal surface. LS: larval shell.
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5 mm in diameter (15.7 mm in circumference), the number of radial costellae is 57, and 
therefore, the average interval of the two costellae is 0.28 mm. The transitional area changes 
to the peripheral area with the straw-coloured boundary area of irregular growth lines with 
no radial costellae (Fig. 5B: ir). The peripheral area has distinct concentric growth lines and 
distinct, fine radial costellae (Fig. 5B: peripheral). The intersection of the concentric growth 
lines and radial costellae are distinctly granular (Fig. 5B, D: gr). Similar to the transitional 
area, the costellae are often inserted peripherally as two costellae always maintain the same 
interval. The costellae sometimes disappear when the two costellae become close to each 

Fig. 5. External morphology of Discradisca sp. cf. D. stella (Gould, 1862). A. External view. B. Magnified 
image of costellae anterior to larval shell. Note that the new costella inserted at a point of white arrowhead. 
C. Magnified image around the apex showing a larval shell (LS). D. Magnified image of costellae posterior to 
larval shell. Note that a costella disappears at a point of white arrowhead. LS: larval shell, ir: irregular growth 
lines, gr: granule on costella.
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other by means of shell curvature (Fig. 5D: white arrowhead). In the case of shell up to 9.6 
mm in diameter (30.2 mm in circumference), the number of radial costellae is 110, and 
therefore, the average interval of the two costellae is 0.28 mm.

Fig. 6. Internal morphology of Discradisca sp. cf. D. stella (Gould, 1862). A. Internal view. B. Magnified image 
around the median septum. C. Magnified image series of muscle scars. D. Magnified image of the left 
peripheral margin of A. MS: median septum, fr: furrows anterior to median septum, OP: oblique posterior, 
PA: posterior adductor, OI: oblique internal, A1: anterior adductor I, A2: anterior adductor II, OL: oblique 
lateral, VM: vascula media, VL: vascula lateralia, V-fr: V-shaped furrow.
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The internal surface is smooth but exhibits several impressions that are associated with 
the internal structures (Fig. 6). A short median septum is located anterior to the inside of 
the apex (Fig. 6B: MS). A furrow-like structure extends from the anterior end of the median 
septum (Fig. 6B: fr). Muscle scars occur around the inside of the apex, showing a concentric 
arrangement. There are two distinct pairs, two faint pairs and two supposed pairs of muscle 
scars.

Two pairs of adductor muscle scars are distinct (Fig. 6C: PA, A1), the so-called posterior 
adductor and anterior adductor I (Williams et al., 1997b). The scars of posterior adductor 
muscles are subcircular in outline. The scar is smooth, while its margin is furrowed, forming 
a very slightly elevated platform. The right and left sides of the scar connect V-shaped 
furrows that extend from the inside of the apex, as if they are “speech bubbles” in shape 
(Fig. 6C: V-fr). The scars of anterior adductor I are located in the area lateral to the median 
septum (Fig. 6C: A1). The outline of the scar is longitudinally elongated, curved, and 
elliptical. The scar is slightly concave with its margin of weak furrow, similar to the 
posterior adductor. The furrow of the margin is the deepest antero-internally.

The two faint pairs of scars are the anterior adductor II and oblique lateral muscles (Fig. 
6C: A2, OL). The scars of anterior adductor II and oblique lateral muscles are located at the 
area inside and anterolateral to the scars of anterior adductor I, respectively. The scar of 
anterior adductor II is longitudinally elongated and curved, elliptical outline, which arranges 
along the inner side of the anterior adductor I (Fig. 6C: A2). The scar of oblique lateral 
muscle seems to be posterolaterally elongated, with a short elliptical outline (Fig. 6C: OL). 
Both scars of anterior adductor II and oblique lateral muscles are slightly emphasised with 
those margins of weak furrows.

Based on the presence of faint margins with furrows, scars of oblique internal and 
oblique posterior muscles are assumed (Fig. 6C: OI, OP). The former is located just anterior 
to the scar of the posterior adductor muscle, and the latter is located between the right and 
left of the scars of posterior adductor muscles. Both scars are small and subcircular in 
outline. In discinid brachiopods, there would be a pair of scars for brachial retractor muscles 
laterally distant from the scars of oblique lateral muscles, but we could not identify it in the 
present specimen.

Only the proximal parts of the vascula media and lateralia are partially preserved as 
faint impressions (Fig. 6C: VM, VL). The vascula media extends from the area slightly 
anterior to the scars of anterior adductor I and seems to bend laterally along the visceral 
area (Fig. 6C: VM). The vascula lateralia laterally extends from the periphery of the visceral 
area around the scars of anterior adductor I (Fig. 6C: VL). Because the inner layer of the 
shell is partially removed, the distal network of the vascular system is unknown.

The margin of the shell exhibits a single lamella, which encloses small pebbles inside (Fig. 
6D: white arrowhead).
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2. Insights into morphological variation
The taxonomy of fossil and living discinid brachiopods is mainly based on the 

ornamentations of dorsal and ventral valves, the convexity of shells and the structure 
associated with the pedicle (e.g., Williams et al., 2000; Mergl, 2010; Masunaga and Shiino, 
2021). In the case of Discradisca, the characteristics of radial costellae and concentric growth 
lines in the dorsal valve have been frequently adopted to identify their species (e.g., Bitner, 
2010, 2014).

The characteristics of the present specimen fit with those of Discradisca stella, which 
has distinct, fine costellae and concentric growth lines in the dorsal valve (e.g., Bitner, 2010). 
However, this conclusion remains problematic because the relief of both ornamentations 
seems to be enhanced during growth. If the present animal died before the fully grown 
stage up to 5 mm, the morphology could be similar to that of Discradisca sparselineata (Dall, 
1920), which is characterised by faint costellae.

Discradisca indica (Dall, 1920) is similar to Discradisca stella but differs in distinctly 
granular and more widely spaced costellae (e.g., Bitner, 2010). In the case of Discradisca 
indica shown in Bitner et al. (2008: Fig. 2B), the number of costellae is approximately 69 with 
a circumference of 11.7 mm, resulting in a 0.17 mm average interval of two costellae. This 
calculated value implied finer costellae than the present Discradisca sp. cf. D. stella, the 
taxonomic problem that is a future direction to explore detailed morphological analyses.

Fig. 7.  Distribution of Discradisca in Japan.
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3. Distribution of Discradisca species around Japan
All the discoveries of extant Discradisca at 42 localities in Japan are shown in Fig. 7 and 

Table 1. Discradisca has been frequently reported from the Bisan-seto area (locality number 
14‒19), while its distribution is almost whole along the Japanese coast (Fig. 7).

The living Discradisca always attach to a hard substratum such as boulders and 
bioclasts, almost all of which are slightly buried in sediments (Table 1). Oxygen-poor 
conditions may easily occur beneath the sediment-water interface (Bromley, 1996), which 
results in unique faunal characteristics. For example, linguliformean brachiopods, including 
discinids, could adapt to dysoxic environments as opportunists regardless of extant and 
fossil species (Chen et al., 2005; Peng et al., 2007; Masunaga and Shiino, 2021). Such a 
tolerance for oxygenic differences would realise the wide distribution along the Japanese 
coast, avoiding the severe competitive framework.

According to the original descriptions, three species have been reported from Japan: 
Discradisca stella, Discradisca sparselineata and Discradisca rikuzenensis Hatai (1940). It has 
been suggested that a colony consists of a single species, and occasionally neighbouring two 
colonies have different species (Ogiso et al., 2019). However, planktonic larva is not superior 
to swimming for selective settlement but depends mainly on passive settlement (Abelson, 
1997; Shiino and Tokuda, 2016). If Discradisca species could form a monospecific colony, it 
leads to the possibilities of 1) sudden settlement close to the colony after free-spawning and 
2) a difference in the spawning period that enables the dispersal of planktonic larvae via sea 
flows unique to the period.

In the former possibility, a new colony of a single species forms beside the original 
colony, resulting in the limited distribution of the species. This seems to be not the present 
case because the distributions of Discradisca stella and Discradisca sparselineata overlap 
with each other (Table 1). In the latter possibility, there is no evidence to explain the 
difference in spawning period among Discradisca species. Discinid larvae are planktotrophic, 
which enables them to persist in plankton for prolonged periods and travel over 
considerable distances (Williams et al., 1997b). According to Yoshimatsu (2014), planktonic 
larvae of Discradisca spp. occur from July to November in the Bisan-seto area (Seto Island 
Sea), where adult individuals of Discradisca stella and Discradisca sparselineata also inhabit 
shallow seawater. The appearance of discinid larvae seems to be no difference in the 
spawning period among the genera, although the larvae may include the two species of 
Discradisca.

Discradisca may have a wide variety of shell forms regarding the outline, convexity, 
number of radial costellae and intensity of external ornamentations. Given that the animal 
inhabits narrow, interstitial spaces, such as the underside of gravel (e.g., Kato, 1996), 
morphological variation could occur with regard to not only the difference in species but 
also the difference in microhabitats.
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