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Microfocus X-ray Computed Tomography (micro-XCT) has been employed recently in radiolarian studies, though so 
far primarily to generate high quality tomographic images. Although micro-XCT technique cannot always produce 
high-quality tomographic images, it frequently can provide valuable information on the internal structure of spongy 
polycystines. Here we employ micro-XCT to understand internal skeletal structures of several Permian specimens of 
polycystine radiolarians. Structural inferences from micro-XCT images are compared to images of the same specimens 
made with SEM and transmitted light microscopy (TLM). The utility of micro-XCT for imaging internal structures is 
first confirmed by examining the spongy, flat, four-spined species Tetraspongodiscus stauracanthus. Micro-XCT method 
is then used to examine the internal structures of a spherical to elliptical polycystine with two bi-polar main spines, 
Dalongicaepa bipolaris Xiao and Suzuki gen. et sp. nov., from the Dalong Formation (Changhsingian) of South China. 
The new genus is characterized by four to seven densely concentric shells with a large spherical hollow in the center and 
two cylindrical spines at both poles of the cortical shell, and belongs to the family Spongotortilispinidae. Spherical to 
elliptical polycystines with bi-polar main spines are similar in external appearance, and their phylogenetic relationships 
are only determinable by examination of the internal structures. We therefore analyzed all Permian and Mesozoic spher-
ical to elliptical polycystines with bi-polar main spines showing internal structures, using cluster analysis to measure 
similarity. The results show distinctive differences in internal structures and suggest that family level relationships should 
be revised in the future.
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Introduction
Spongy spherical to elliptical polycystines with bi-polar 
main spines are common radiolarians since the Ordovician 
(Aitchison et al. 1998; Won and Iams 2011), but their phylo-
genetic taxonomic position, in most cases, has been poorly 
understood because higher taxonomic classification of poly-
cystines, at both family and genus level, is often deter-
minable only by observation of the inner structure of their 
tests (De Wever et al. 2001) and the inner structure of the 
shells is difficult to investigate. This has particularly af-
fected Paleozoic and Mesozoic radiolarian taxonomy, where 
polycystine specimens are illustrated and identified mostly 

by surface skeletal structures imaged by SEM. Such images 
are sufficient for species identification, but may not for 
higher level classification. Naturally or artificially broken 
specimens can be used to examine internal structures but 
may provide limited morphological information. In the case 
of spongy spherical to elliptical polycystines with bi-polar 
main spines, only few reports showed the internal structure 
by SEM (Permian: Feng et al. 2006; Triassic: Kozur and 
Mostler 1981; Gorican and Buser 1990; Sugiyama 1997; 
Moix et al. 2007; Jurassic: Dumitrica and Zügel 2008). 
Several papers also illustrated TLM images of spongy 
spherical to elliptical polycystines with bi-polar main spines 
for Permian (Noble and Jin 2010), Triassic (Dumitrica et al. 
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1980; Bragin 1991; Sugiyama 1992), Jurassic (Baumgartner 
and Bernoulli 1976; Aita 1987), and Cretaceous (Foreman 
1971; Renz 1974; Schaaf 1981; Nakaseko and Nishimura 
1982; Bragina 1991) in age. Using similarity in external 
features only, without knowledge of internal structures, may 
result in dubious taxonomic assignments, such as accom-
modating the late Permian species Archaeospongoprunum 
mengi Feng in Feng et al., 2006 in the Campanian genus 
Archaeospongoprunum Pessagno, 1973.

Destructive sectioning methods to examine radiolarian 
internal structures have been used since the nineteenth cen-
tury (see the review in Ogane and Suzuki 2007), but the 
number of specimens examinable is limited, and the speci-
mens are destroyed in the procedure. Non-destructive meth-
ods have also been used to observe internal structures: dias-
copic lighting with a normal light microscope (Danelian and 
Popov 2003), confocal laser scanning microscopy (CLSM) 
(O’Connor 1996), differential interference contrast micros-
copy (DIC) or Nomarski system (Ling and Stadum 1970), 
and composite focal depth transmitted light microscopy 
(Jackett and Baumgartner 2007). Recently micro-XCT tech-
nique has been developed for radiolarian studies, but only a 
few results have been published so far (Matsuoka et al. 2012; 
Yoshino et al. 2015; Ikenoue et al. 2016).

Most of the above papers have chosen to use and im-
pressively illustrate particularly well-preserved specimens. 
However, extremely well-preserved fossil radiolarians, es-
pecially the Permian ones, are rare. In this study we focus 
more on the routine extraction of taxonomic information us-
ing micro-XCT imaging, and less on specimen illustration, 
using several Permian polycystine specimens, deliberately 
chosen to have variable preservation to know whether mi-
cro-XCT still works well on them. The internal skeletal fea-
tures identified are in particular used to clarify the structure 
and taxonomy of a spherical to elliptical polycystine species 
with two bi-polar main spines. We also compare our results 
from the latter species via cluster analysis to related genera.

Institutional abbreviations.—LGFEC, Laboratory of Geo-
biology, Faculty of Earth Sciences, China University of 
Geosciences, Wuhan, China.

Other abbreviations.—CLSM, confocal laser scanning mi-
croscopy; DIC, differential interference contrast micros-
copy; micro-XCT, microfocus X-ray computed tomography; 
TLM, transmitted light microscopy.

Material and methods
The specimens examined here were collected from the 
Changhsingian (late Lopingian, Permian) Dalong Formation, 
from the basinal facies, in the Rencunping section located 
in Rencunping Village, Sangzhi County, northwest Hunan 
Province, South China (110°6′2′′ E, 29°34′49′′ N) and housed 
in LGFEC. The Dalong Formation in the Rencunping sec-

tion consists of thin-bedded chert and manganese-rich mud-
stone with intercalations of siliceous limestone and carbo-
naceous shale. This section is rich in macrofossils such as 
ammonoids (Zhang et al. 2009) and small brachiopods (He 
et al. 2014); and microfossils like conodonts (Tian 1993a, b; 
Yue 2014). Deposition of Dalong Formation started from the 
upper part of Wuchiapingian and ended in the uppermost 
Changhsingian. Details of the stratigraphy and radiolarian 
biostratigraphy will be published in a separate paper.

Specimens were obtained from samples 33, 36, and 69 
by a hydrofluoric acid (HF) extraction method and im-
aged with a SEM (Hitachi SU8010 in State Key Laboratory 
of Biogeography and Environmental Geology, China 
University of Geosciences, Wuhan). The same specimens 
were also scanned by micro-XCT (SkyScan 1172 X-ray in 
the same laboratory), and 3-dimensional images were ren-
dered with a free software CTVox (Bruker microCT, http://
bruker-microct.com/home.htm).

Hierarchical cluster analysis was employed to investigate 
the correspondence of nine spherical to elliptical polycystine 
genera by using the statistical software “R” and the EZR 
(Kanda 2013) and FactoMineR packages (Lê et al. 2008).

Systematic palaeontology
Order Spumellaria Ehrenberg, 1876
Family Spongotortilispinidae Kozur and Mostler in 
Moix et al., 2007, sensu emend. Kozur et al. 2009 
sensu emend. herein
Remarks.—The definition of this family was once revised 
to include genera having “polar spines with two or three ter-
minal wings (Angulocircus and Dumitricasphaera), propel-
ler-like ridges on the spines (Zhamojdasphaera), no modifi-
cations of the ridges on the spines (Spongotortilispinus and 
Vinassaspongus) or presence of two polar sines or of three 
spines in triangular arrangement.” (Kozur et al. 2009: 44). 
Kozur et al. (2009) also noted twisted spines are one of 
common characteristics in this family. However, as pointed 
by Guex et al. (2012), twisted main spines appear in many 
Triassic spumellarians among phylogenetically distant fam-
ilies, but absent in particular genus or species. In consid-
eration with this point, it is inappropriate for the twisting 
of main spines to be regarded as a characteristic feature at 
the family level. Consequently we omit presence of twisted 
main spines from the definition and expand the definition to 
include cylindrical main spines as well as tri-bladed spines.

Genus Dalongicaepa Xiao and Suzuki nov.
Type species: Dalongicaepa bipolaris Xiao and Suzuki gen. et sp. nov.; 
see below.
Species included: Pseudospongoprunum fontainei Sashida in Sashida 
et al., 2000.
Etymology: The combination of the strata name “Dalong” and the Latin 
caepa(-ae), onion (female noun).
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Diagnosis.—Spongy cortical shell of spherical to fusiform 
shape. Spongy tissue comprised with four to seven densely 
concentric shells. Central part of the cortical shell large 

spherical hollow without a latticed spherical shell. Two 
significant bi-polar spines are present: cylindrical and no 
blades. The proximal end of the spine is embedded into the 

Fig. 1. SEM micrographs (A–E, F1, G1, H1) and micro-XCT cross-sectional images (F2, F3, G2, G3, H2, H3) of the polycystine radiolarian Dalongicaepa 
bipolaris Xiao and Suzuki gen. et sp. nov. from Changhsingian of the Rencunping section, South China. A. LGFEC SR 69-028 (paratype). B. LGFEC 
SR 69-090. C. LGFEC SR 69-058. D. LGFEC SR 69-091. E. LGFEC SR 69-029. F. LGFEC SR 69-062. G. LGFEC SR 69-069. H. LGFEC SR 69-057 
(holotype). Different cross sections show clear concentric shells which are connected with radial beams (F2, F3, G2, G3, H2, H3). Scale bars 100 μm.
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densely concentric shell to connect with a thin cylindrical 
radial beam. The radial beam pierces through the inner 
large spherical hollow.
Remarks.—It is practically difficult to distinguish species of 
Dalongicaepa from any similar Permian species by the su-
perficial appearance of specimens so that diagnosis charac-
ters can be examined in only broken specimens to an extent. 
All the known genera belonging to the Spongotortilispinidae 
are easily distinguished from this new genus in having nee-
dle-shaped bi-polar spines of circular cross section. Based on 
a breakage specimen of Dalongicaepa fontainei (Sashida in 
Sashida et al. 2000) illustrated by Feng et al. (2006: pl. 3: 6), 
this species belongs to Dalongicaepa Xiao and Suzuki gen. 
nov. because of the presence of a hollow space in the shell 
central part.
Stratigraphic and geographic range.—Upper Permian, South 
China.

Dalongicaepa bipolaris Xiao and Suzuki sp. nov.
Fig. 1.

Etymology: From Latin bi- and polaris, two polars; in reference to the 
bipolar arrangement of the two polar spines.
Type material: Holotype (LGFEC SR 69-057), Fig. 1H. Paratype (LG-
FEC SR 69-028), Fig. 1A.
Type locality: Hunan Province, South China.
Type horizon: Upper Dalong Formation; upper Changhsingian.

Material.—Nine specimens (LGFEC SR 69-028, 69-029, 
69-035, 69-057, 69-058, 69-062, 69-069, 69-090, 69-091).
Diagnosis.—Spongy spherical shell of two long bi-polar 
spines with uneven length.
Description.—Test spherical and spongy, composed of four 
to seven concentric shells. Two rod-like spines are thin, 
gradually decreasing in width distally, but quite different in 
length and arrangement: shorter or longer, straight or curv-
ing, opposite or obliquely opposed. In some specimens, the 
spines are particularly long and the length of spines can be 
twice longer than the diameter of the shell.
Measurements (in μm).—Diameter of test 159–179, length 
of spines 209–300, width of spines near base 14–29 (based 
on nine specimens).
Remarks.—The superficial appearance of this new species 
may be confused with two late Permian species Dalongi-
caepa fontainei and Archaeospongoprunum mengi. D. bipo-
laris Xiao and Suzuki gen. et sp. nov. is different from 
D. fontainei by having more concentric shells, spherical 
cortical shell, and longer thin polar main spines. Besides, 
the polar main spines of the new species distally decrease 
in width and sometimes curve. The new species is easily 
distinguished from A. mengi in the outline of its shell outline 
and three-bladed polar main spines.
Stratigraphic and geographic range.—Type locality and 
horizon only.

Results
A total of seven specimens of three morphospecies (two 
specimens of Klaengspongus spinosus Sashida in Sashida 
et al., 2000, two specimens of Tetraspongodiscus staura-
canthus Feng in Feng et al., 2006, and three specimens of 
Dalongicaepa bipolaris Xiao and Suzuki gen. et sp. nov.) 
were scanned by micro-XCT. The Klaengspongus spinosus 
specimens were completely filled with a material (probably 
recrystallized quartz) on which the X-rays did not perform 
well. T. stauracanthus was selected to evaluate the quality 
of micro-XCT images since its internal structures have been 
illustrated previously with SEM (Feng et al. 2006: pl. 9: 13) 
and TLM (Noble and Jin 2010: pl. 7: 11). As shown in Fig. 2, 
the micro-XCT images displayed part of internal spicular 
system in the center, five concentric shells, the radial beam 
connecting with four main radial spines or embedded in the 
proximal part of them, and blades of the main spines. The 
specimens of D. bipolaris Xiao and Suzuki gen. et sp. nov. 
look like a simple spongy sphere with two rod-like bi-polar 
main spines, but their micro-XCT images (Fig. 1) show four 
to seven concentric structures with a large central hollow 
where some spiny structures are visible, and the radial beam 
which is directly connected with bi-polar main spines.

All Permian and Mesozoic genera which are spherical 
to elliptical spumellarians with bi-polar main spines and 
for which internal structures have been reported are illus-
trated in Fig. 3. Cluster analysis of the matrix (see SOM 1, 
Supplementary Online Material available at http://app.pan.
pl/SOM/app62-Xiao_etal_SOM.pdf) generated from a total 
of nine genera and nine characters under the correspond-
ing analysis were analyzed (see SOM 2) and resulted in 
three major clusters (Fig. 4). Cluster 1 is composed of two 
genera: Spongotortilispinus Kozur and Mostler in Moix 
et al., 2007 and Dalongicaepa Xiao and Suzuki gen. nov. 
Cluster 2 consists of two genera: Archaeospongoprunum 
and Palaeospongurus Kozur and Mostler, 1981. Cluster 3 
includes five genera: Spongoxystris Sugiyama, 1997, Spon-
gopallium Dumitrica, Kozur, and Mostler, 1980, Falcispon-
gus Dumitrica, 1982, Protopsium Pessagno and Poisson, 
1981, and Pegoxystris Sugiyama, 1992.

Discussion
The usefulness and limitations of “ordinary” micro-XCT 
in detecting structures in spongy flat polycystines with 
four main spines.—Tetraspongodiscus stauracanthus is 
a common species in rocks of the upper Changhsingian 
of South China (Feng et al. 2006; He et al. 2008, 2011) 
and southwestern China (Yao and Kuwahara 2000), the 
Changhsingian of central Japan (Sashida and Tonishi 1985) 
and the upper Capitanian of North America (Noble and Jin 
2010). A full synonym list of this species will be published 
in a separate paper. Morphological terminology here follows 
Ogane and Suzuki (2006). This species is characterized by 

http://app.pan.pl/SOM/app62-Xiao_etal_SOM.pdf
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a flat, subcircular and spongy crust (outer shell) with four 
three-bladed main spines that are arranged in the shape of 
a cross in the equatorial plane. SEM images of our broken 
specimens (Fig. 2C, D) display five or more concentric to 
spiral hoops. The broken surface of the specimen illustrated 
in Feng et al. (2006; Fig. 2E herein) is exposed on the equa-
torial plane, and shows concentric hoops that are connected 
with primary beams. The primary beam is defined as a 
radial beam that penetrates the paleas and hoops (Ogane 
and Suzuki 2006). However, the relationship between main 
spines and hoops are not clear in these SEM images. An 
informative TLM was published in Noble and Jin (2010; 
Fig. 2F herein). This image also shows relevant structures 
which are observable in the SEM images to an extent, but 
it is not possible to confirm the type of radial beams such 
as primary, secondary interconnecting beams of Ogane and 
Suzuki (2006). The central structure and the relationship 
between main spines and hoops are also unclear. By way 
of comparison, our micro-XCT images (Fig. 2A, B) clearly 
show five hoops with few primary beams, the embedded 
proximal part of the main spines, and a connecting bar in 
the center of the shell. It is noted that the connecting bar 
appears to join one of the main spines at least (Fig. 2A1, 

B1), suggesting a possible median bar. The presence of 
median bar makes it possible to suggest their positions in 
the Entactinaria (median bar is not present in Spumellaria) 
pending further research. By contrast, primary beams are 
not shown in our micro-XCT images.

The comparison of SEM, TLM, and micro-XCT images 
shows that all the internal structures except for fine ra-
dial beams can be well recognized by micro-XCT imagery, 
while SEM images are useful only to broken specimens. 
TLM images also give a sight of internal structures, but 
less clear (Table 1). Micro-XCT images even suggest or 
show the possible presence of median bar. Nevertheless, the 
limitation of the “ordinary” micro-XCT analysis is obvious 
in that it is not applicable to those specimens whose entrails 
are filled with recrystallized quartz even if they are superfi-
cially well preserved.

Recognition of internal structure of spongy spherical poly-
cystines with bi-polar main spines using by micro-XCT 
images.—This section is based on images of Dalongicaepa 
bipolaris Xiao and Suzuki gen. et sp. nov. Terminology fol-
lows Petrushevskaya (1984) and Suzuki (2006). The SEM 
images (Fig. 1A–E, F1, G1, H1) show a thick, spongy, spheri-

Table 1. Features observed among different photos taken by micro computed tomography (micro-XCT), scanning electron microscopy (SEM), 
and transmitted light microscopy (TLM).

Method Outer shell Spine shape Inner shells Innermost structure Internal rays
Micro-XCT yes yes yes yes occasionally, if rays are strong

SEM yes yes occasionally, if broken occasionally, if broken occasionally, if broken
TLM no no yes, but not very good yes, but not very good occasionally, if beams are strong

2AA1 2BB1

C D E F

Fig. 2. Micro-XCT cross-sectional images (A, B), SEM micrographs (C–E), and TLM micrographs (F) of the spumellarian Tetraspongodiscus stauracan-
thus Feng in Feng et al., 2006 from Changhsingian of the Rencunping section (A–D) and Dongpan (E), South China and upper Capitanian of West Texas, 
USA (F). A. LGFEC SR 33-201. B. LGFEC SR 33-202. C. LGFEC SR 36-011. D. LGFEC SR 33-022. E. DP 4/4860 (from Feng et al. 2006; copyright is 
permitted from Elsevier). F. S3-2A (from Noble and Jin 2010). Different cross sections show clear hoops with few primary beams and a possible median 
bar (A1 and B1), the centrical internal spicule (A2), and the embedded proximal part of the main spines (B2). Scale bars 50 μm.
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cal outer shell with two bi-polar main spines. The spines are 
thin, long, rod-like, and variable in length and arrangement: 
shorter or longer, straight or curving, opposite or obliquely 
opposed. Similar features would be visible on TLM images 
although we have not produced them. We made an attempt to 
observe the internal structures, but appropriate (broken) spec-
imens were not found. The overall appearance is similar to 
Pararchaeospongoprunum hermi Lahm, 1984, Dalongicaepa 
fontainei (Sashida in Sashida et al., 2000), Paroertlispongus 
obliquus Kozur and Mostler, 1994, and Yangia chinensis Feng 
in Feng and Liu, 1993 in having rod-like bi-polar main spines. 
As these externally similar species belong to different genera, 
it is very hard to classify our species not only into the appro-
priate genus but also even to the family due to the lack of in-
ternal structure information. Feng et al. (2006) show a hollow 
space in D. fontainei like that of D. bipolaris, and Sano et al. 
(2010: fig. 10.22) show a TLM image of this species, but it is 
unable to determine the presence of a hollow space in their 
figure. This illustrates the difficulty in recognition of hollow 
spaces in TLM images. Micro-XCT by contrast shows four 
to seven concentric shells which are connected with radial 
beams (Fig. 1F2, F3, G2, G3, H2, H3). A hollow space with or 

without some fine rods always exists in the innermost central 
part of all examined specimens, indicating a common mor-
phological character in this species. The size of the hollow 
space is variable, probably caused by growth or damage. 
Smaller hollow spaces are seen in the specimens with seven 
concentric shells while larger hollow spaces are observed in 
those with a smaller number of concentric shells. It is note-
worthy that two radial beams extend inward from the prox-
imal end of the main spines towards the hollow space. The 
specimen illustrated in Fig. 1F has offset bi-polar main spines 
(Fig. 1F1) which join to a radial beam which is obliquely 
placed in the hollow space (Fig. 1F2). Several other beams on 
the inner wall of the hollow space are not connected with two 
main spines. The existence of many isolated radial beams in-
side the hollow space implies the presence of other fine inner 
structures which are however not detected in our images, and 
might have been dissolved by preservational alteration.

Classification of spongy spherical polycystines with bi- 
polar main spines.—Similarity in outer appea rances among 
many spherical to elliptical polycystines with bi-polar main 
spines are also well documented in the Cenozoic. Phylogenetic 
questions can in principle be more easily addressed due to 

Fig. 3. Schematic drawings on internal structure of Permian and Mesozoic spumellarians with bi-polar main spines (detailed information including source 
is summarized in Table 2). A, B. Protopsium. C. Pegoxystris. D. Falcispongus. E. Spongoxystris. F. Dalongicaepa Xiao and Suzuki gen. nov. G. Spongo-
tortilispinus. H. Spongopallium. I, J. Archaeospongoprunum. K. Palaeospongurus. L. Paroertlispongus.

A B C

D

E F G

I J K LH
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Spongoxystris

Dalongicaepa
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Spongotortilispinus

Spongopallium Archaeospongoprunum Palaeospongurus Paroertlispongus
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better visibility of internal characters in the generally well 
preserved (primary transparent opal) of Cenozoic radiolari-
ans, although such observations are still incomplete (Suzuki 
et al. 2009; Matsuzaki et al. 2015). The situation is more 
difficult in spongy spherical polycystines with bi-polar main 
spines in the Permian. It is so difficult to examine their in-
ternal structure that several Permian species with bi-polar 
main spines were tentatively assigned to the genera from 
geochronologically (and thus probably also biologically) dis-
tant material, e.g., the Silurian genus Pseudospongoprunum 
Wakamatsu, Sugiyama, and Furu tani, 1990, the Triassic ge-
nus Paroertlispongus Kozur and Mostler, 1981, or the Creta-
ceous genus Archaeo spon goprunum. To improve our phylo-
genetic understanding of these Permian forms, we collected 
all Permian and Mesozoic publications showing internal 
structures of these taxa from ca. 5300 papers on radiolarian 
taxonomy held by Tohoku University (including all geologic 
ages). We identified a total of 10 genera (12 species, 17 speci-
mens) where the internal structures were illustrated (Table 2; 
Fig. 3), although details in the most central part of the shell 
(e.g., microsphere, the entactinarian spicular system) were 
usually unclear.

As shown in Fig. 3, they can be divided into three groups: 
(i) genus-group A with concentric shells (Fig. 3A–G), 
(ii) genus-group B with a probable double medullary shell 
(Fig. 3H), and (iii) genus-group C with fully spongy mesh-
work (Fig. 3I–K). The genus Paroertlispongus could not be 
assigned to any group due to a lack of information on its in-
nermost structure. The first group is further subdivided into 
two subgroups either having distinctive radial beams (group 
Aa, Fig. 3A–C) or not (group Ab, Fig. 3D–G). Group Aa con-
sists of Protopsium (Fig. 3A, B) and Pegoxystris (Fig. 3C). 
They have a common structure: the embedded proximal part 
of main spines in the shells. In group Ab, the combination of 
the central part with the shape of the embedded proximal part 
of main spines are characteristic. The genus Falcispongus 
has thorny connections with each concentric shell on the 
embedded proximal part of the main spines (Fig. 3D; see 
also Dumitrica 1982: text-fig. 1). Spongoxystris (Fig. 3E), 
Dalongicaepa fontainei (Fig. 3F), and Spongotortilispinus 
(Fig. 3G) have a common rod-like proximal part of the main 
spines, but the first one is different from the latter two in 
that Dalongicaepa fontainei and Spongotortilispinus have a 
large hollow in their center. Similar to these two radiolarians, 
the sole genus in genus-group B has a large hollow center 
(Spongopallium; Fig. 3H), but Spongopallium is character-
ized by the development of radial structures on the inner side 
of the spongy cortical shell and has different structure of the 
proximal part of the radial spines. Genus-group C comprises 
Archaeospongoprunum and Palaeospongurus, but the inter-
nal structure is unknown, hidden within the spongy outer 
structure. Our examined specimens of Dalongicaepa have 
an internal structure in common with both Dalongicaepa 
fontainei and Spongotortilispinus.

This qualitative observation can be statistically sup-
ported by the cluster analysis under the corresponding anal-

ysis on nine genera, indicating three major clusters (Fig. 4). 
Cluster 1 is composed of two genera: Spongotortilispinus 
and Dalongicaepa. Spongotortilispinus belongs to the family 
Spongotortilispinidae Kozur and Mostler in Moix et al., 2007, 
sensu emended by Kozur et al. (2009), which contain the 
Triassic genera Dumitricasphaera Kozur and Mostler, 1979, 
Vinassaspongus Kozur and Mostler, 1979, Zhamojdasphaera 
Kozur and Mostler, 1979, and Angulocircus Lahm, 1984; but 
these genera have nothing in common except for an internal 
structure. Spongotortilispinus essentially has twisted bi-polar 
main spines but such spines have not been recognized in 
any Lopingian spherical polycystines. As discussed in the 
systematic paleontology above, our examined species be-
longs to the same new genus with Dalongicaepa fontainei. 
Combined with the similar internal structure, the new ge-
nus Dalongicaepa undoubtedly belongs to the same fam-
ily as Spongotortilispinus. Cluster 2 consists of two genera: 
Archaeospongoprunum and Palaeospongurus. This cluster 
corresponds to the above mentioned genus-group C, thus the 
opinion of O’Dogherty (2009b) is accepted that they both be-
long to the family Archaeospongoprunidae Pessagno, 1973. 
Cluster 3 includes five genera: Spongo xystris, Spongopallium, 
Falcispongus, Protopsium, and Pegoxystris. There seems to 
be an inconsistency to the qualitative examination to an ex-
tent at the level of family. According to O’Dogherty et al. 
(2009a, b), Spongoxystris belongs to Spongotortilispinidae, 
Spongopallium to Spongo palliidae Kozur, Krainer, and 
Mostler, 1996, Falci spongus to Oertlispongidae, and both 
Pro topsium and Pegoxystris to Archaeospongoprunidae, 
respectively. Both qualitative and statistical analysis do not 
support the assigned families to Spongoxystris, Protopsium, 
and Pegoxystris at least. The dendrogram makes clear that a 
revision is needed of these genera at the level of family.

Conclusions
Although micro-XCT technique not always produces 
high-quality tomographic images because of the specimens 
preservation, it frequently can provide valuable information 
on the internal structure of spongy polycystines. We use mi-
cro-XCT images to clarify what skeletal parts can or cannot 

Archaeospongoprunum

Protopsium

Pegoxystris

Falcispongus

Spongoxystris

Spongotortilispinus

Spongopallium

Palaeospongurus

Dalongicaepa
Cluster 1

Cluster 2

Cluster 3

Fig. 4. Dendrogram of the cluster analysis under the corresponding analy-
sis based on nine genera (performed by software “R” and the EZR ).
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be recognized after comparing the detectable and undetect-
able structures between micro-XCT, SEM, and TLM images 
of a spongy flat polycystine with four main spines.

A new genus and species Dalongicaepa bipolaris Xiao 
and Suzuki are proposed after carefully examining the inner 
structures using micro-XCT. The new species has four to 
seven concentric shells connected by multiple thin internal 
rays and a hollow space in the innermost central part. Two 
rays extend inward from the main spines towards the inner-
most space. All these characteristics suggest the new genus 
belongs to the family Spongotortilispinidae.

Since it is quite difficult to differentiate spherical to elli-
ptical polycystines with bi-polar main spines because of their 
similarity in superficial appearance, we analyzed all Permian 
and Mesozoic taxa with published internal structures (Ar-
chaeo spongoprunum, Dalongicaepa Xiao and Suzuki gen. 
nov., Falcispongus, Palaeospongurus, Paroertlispongus, 
Pego xystris, Protopsium, Spongopallium, Spongotortilispi-
nus, and Spongoxystris) for better phylogenetic understand-
ing. The schematic illustration of the internal structure and 
dendrogram of the cluster analysis show distinctive differ-
ences in their internal structure which suggests that their 
taxonomic position at the level of family should be revised 
in future. Going further, “ordinary” micro-XCT images for 
spherical polycystines could play an important role in dif-
fereniation between Spumellaria and Entactinaria because 
the Entactinaria differ from Spumellaria in having an inter-
nal spicular system including median bar.

Although the images produced by micro-XCT are not 
always appealing, we believe, they should be produced and 
published, regardless of their esthetic value, as they un-
doubtedly augment the information on the investigated ob-
jects and above all the knowledge of their internal structure.
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