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Preface

This book intends to make a comprehensive study on all reef-building organisms and com-
munities in a typically developed Middle Permian algal-calcisponge reef in southern China. As a
result, 121 species and 86 genera are described, of which 44 genera and 68 species are new. In
addition, 12 communities and 7 community-types are recognized. It is the author’s wish that this
study could establish a basic comparison standard for the Middle Permian reefs of other
regions.

The study was started in 1985 and finished in 1987. The field work was done together with
Prof. Fan Jia-Song, Prof. Qi Jing-Wen and others. Prof. Fan’s materials taken at the same time
as mine was published in Journal of Paleontology, with the support of Prof. Rigby (1989). How-
ever, the publication of my results was delaysd because of financial difficulty until its current
appearance. Because of the publication of Fan’s papers some taxa in my book had to go
through revise.

The present publication of the book should be attributed to the support of the following
doctors and professors: Dr. & Prof. Fabrizio Bizzarini, Dr. & Prof. Roger J. Cuffey, Dr. & Prof.
Jozef Kazmierczak, Dr. & Prof. Donald F. Toomey, Dr. & Prof, Ronald R. West, Dr. Rachel
Wood, Prof. Li Xing-Xue, Prof. Lizo Shi-Fan, Prof. Liu Bao-Jiu, Prof. Liu Bing-Wen, Prof. Liu
Chun, Prof. Sha Qing-An, Prof. Xiang Li-Wen, Prof. Xu Zhi-Chuan, Prof. Xu Wang, Prof. Wu
Chong-Yun, Prof. Wu Xi-Chun, Prof. Zeng Ding-Qing, and Prof, Zhang Ji-Yi.

I am indebted to Prof. Fan Jia- Song, who gave me support and help in the study and re.
viewed some part of the manuscript. Thanks go to Wen Chuan-Fen, Zhang Wei, Sun Xiao-
Xing, Wang Jiong-Zhang, Qi Jing-Wen, Zhou Ti-Ming, Wang Jing-Ming, Zhang Xiao-Lin, Xie
Gang-Ping, Li Hua for their help during field work, to Ri Lin for his help in identification of
fusulinids, to Mo Xi-Nan for his help in identification of algae, to Deng Zhan-Qiu for his copy
of document on hydrozoan, to Cheng Ji-Gao and Zhang Yin-Ben for their help in preparation
of photographs, to Wu Xi-Chun and Yang Wan-Rong for their encouragement.

I would like to thank Dr. Senowbari-Daryan, Dr. Cheng Gui-Ren and Dr. Rong Xiang for
their critical review of the manuscript.

Wu Ya Sheng
Institute of Geology
Academia Sinica
Beijing 100029, China
December 1990



The study of the Xiangbo Permian reef will be of great interest to geologists, paleon-
tologists, or biologists concerned with Late Paleozoic reefs, sponges, bryozoans and algae.
Therefore, I hope that this book can be published as soon as possible; there will be many more
weslern scientists who will be able to read it and benefit from the advances made by the Chinese
scientists. Fossil reefs of this age are particularly important, both scientifically (because of the
stage of evolution of the reef-building fossil organisms represented) and economically (because
of their petroleum potential). We would all learn much from being able to compare these
Chinese reefs with, for example, the West Texas Permian Capitan reefs.

Dr. & Prof. Roger J. Caffey

This is a most valuable and comprehensive study, and should be published quickly. This
impressive work will extend our knowledge of Middle Permian reef biota tenfold, and indeed is
one that all Permian workers will look to for many years to come. I hope the published work
would contain some figures on the lithology of the reef, thus aiding foreign workers who are not
that familiar with the Chinese Middle Permian succession exposed in southern China. 1 look
forward to secing this published work with great anticipation!

Dr. & Prof. Donald F. Toomey

This book is the first extensive monograph of a developed Middle Permian reef of southern
China. It laid the foundation for understanding the paleontology and paleoecology of the Mid-
die Permian reefs of southern China. Because of the discovery of some gas pools in the Permian
reefs of southern China, the study of Permian reefs is most meaningfyl. Previous studies are
mostly concerned with the petrological aspects of the reefs except Prof. Fan’s work on sphincto-
zoans, Thus, this book is the first one concerning the total organisms of a Middle Permian reef.
The study on the organisms and communities are profound. The description of 44 new genera
and 68 new species makes a great contribution to paleontology, especially to reefal
paleontology. This book also contains the paleoecology, petrology and facies of the reef and
proposes the new ideas of fabric-facies and fabric-rock-type. Linking reef facies and oil and gas
potential, the new approach would be of great importance to the study of ancient reefs and the
exploration of reefal resources.

Prof. Xu Zki-Chuan

The Xiangbo reef is a well-developed and typical one. This book makes a comprehensive
systematic study on the reef-building organsims of the reef. Studies on sclerosponges, ino- zoans,
sphinctozoans, hydrozoans, bryozoans, algae and microproblematica are detajled and
profound; breakthroughs have been made in several groups. Based on the abundant materials
and detailed study, the book has established the sequences of organisms, communities and
rock-types of the reef, which would become the comparative standards of the Middle Permian
reefs of other regions. The book also deals with the lithology and facies of the reef. Therefore,
the publication of the book would of be great importance to paleontologists, paleoecologists,
petroleum geologists as well as sedimentary petrologists.

Prof. Xiang Li-Wen
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1 Introduction

Reefs are carbonate buildups constructed by organisms or through organic actions.

Reef study includes two aspecis: the sedimentological and petrological study of reefs and
the paleontological and paleoecological study of reefs. On one hand, reefs are bodies of
carbonate rocks. Thus they are the study objects of sedimentary petrologists. On the other hand,
reefs are mainly constructed by organisms and composed of skeletons of organisms principally.
Thus they are the study objects of paleontologists and paleoecologists as weil. To understand
reefs fuily the two aspects of studies should be combined.

The paleontological and paleoecological study of a reef can be done at three levels: (1) the
systematic paleontclogical studies, (2) population paleoecological studies, and (3) guild paleo-
ecologicai and community paleoecological studies.

The key to the systematic paleontological study of a reef lies in: (1) the comprehensiveness
of the study, that is, all organisms in the reef should be included in the study, and (2) the perfec-
tion of sampling method, that is, it should be ensured that all organisms be included in the sam-
ples. Sampling method depends on the growth form, size and distribution pattern of organisms
in the reef.

Organisms can be divided into reefal organisms and non-reefal organisms. The organisms
occurring in reefs are called reefal organisms while those occurring in off-reef environments are
called non-reefal organisms. According to their functions in reef formation, reefal organisms
can be classified into ten types: (1) framers, (2) bafflers, (3) crybafflers, (4) prebafflers, (5)
encrusters, (6} covers, (7) binders, (8) epibionts, (9) dwellers, and (10) destroyers. The framers
are calcified organisms which build the framework of reefs, The bafflers are caicified organisms
which baffle sediments in reef formation. The crybafflers are non-calcified organisms which baf-
fle sediments in reef formation, The prebafflers are calcified organisms which would have been
bafflers if they had been more dense — actually they are too sparse to serve even as bafflers. The
encrusters are organisms which encrust on framers or bafflers and strengthen them. The covers
are creeping organisms which cover sediments of micrites and bioclasts, protecting them from
erosion in reef formation. The binders are filamentous organisms which bind micritic sediments
together, protecting them from transporting in reef formation. The epibionts attach to framers,
bafflers or prebafflers. The dwellers inhabit the interspaces between framers or bafflers or
prebafflers. The destroyers destroy reefs by horing, gnawing or biting soft or hard tissue of
reef-building organisms. '

Reefal organisms differ from con-reefal organisms in their low tolerance for environmental
fluctuation and their high productivity. According to their occurrence probability in reefs, reefal
organisms can be divided as the following: (1) in-reefal organisms which occur only in reefs, (2)
pre-reefal organisms which prefer reefs to off-reef environments, (3) iso-reefal organisms which
can occur in both reef and non-reef environments, and (4) out-reefal organisms which prefer
non-reef environmenis to reefs. It is clear that reefs are mainly constructed by in- reefal and
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pre-reefal organisms.

Reef-building organisms vary in taxonomic composition with geological time. It is known
that Precambrian reefs are mainly constructed by thallophyte; Cambrian reefs are mainly con-
structed by archaeocyatha and algae; Ordovician reefs are mainly constructed by algae and
calcisponges; Silurian reefs are mainly constructed by sclerosponges (included in
stromatoporoids previously) and corals; Devonian reefs are mainly constructed by
sclerosponges (inciuded in stromatoporoids previously) and corals; Carboniferous reefs are
mainly constructed by bryozoans and phylloid algae; Permian reefs are mainly constructed by
calcisponges, algae, hydrozoans and extrohydrozoans, and Tubiphytes. These are the cases in
China. Post-Triassic reefs are not developed in China although they are reported from Europe
to be mainly construcied by hexactiniarians, calcisponges, demosponges, Hippuritacea, algae
and oysters.

The reefal organisms in Permian reefs include sclerosponges, inozoans, sphinctozoans,
hydrozoans and extrohydrozoans, calcareous algae, bryozoans and microproblematica. Among
them, sclerosponges, inozoans, hydrozoans and extrohydrozoans and microproblematica are
poorly studied. To advance Permian reef study level, the study of these groups is necessary. In
recent years a lot of work has been done on sphinctozoans by researchers such as
Senowbari-Daryan, Rigby and Fan. But littie work has been done on the above poorly studied
groups. Thus it is necessary for us to carry on the study on these groups as soon as possibie.

Population, guild and community paleoecological study of reefs are the important ways for
determining the development and distribution pattern of reefs and for giving directions to oil
and gas survey and exploration. Only in the case that reef- building organisms have been dealt
with at guild and community levels can the internal features of reefs be understood in full. The
community paleoecological study of reefs depends on sampling method. Only in the case that
sufficient samples from outcrops are available can the community paleocecological study of reefs
be practicable. Only the organisms of a reef has been studied thoroughly can its community
paleoecological study be possible. Becaus¢ some Permian reef-building organisms are poorly
studied the community paleoecological study of Permian reefs has been impractical. The goal of
community paleoecological study of reefs is to erect the typical communities of reefs of different
geological age and of different geographic scales or different regions.

Permian reefs inciude algal-calcisponge reefs, Tubiphytes-algal crust reefs, stromatolite
reefs, bryozoan-algal reefs, Palacoaplysina reefs and phylloid algal reefs (Flugel et al, 1984), The
most developed algal-calcisponge reefs are distributed in China, USA, Tunisia and Yugosiavia.
As to both preservation state and development degree are concerned, the Permian reefs of China
are the most typical. The Permian reefs in China are mainly distributed in Guangxi, Guizhou,
Yunnan, Hubei, Sichuan, Hunan, Shanxi and Zhejiang provinces. It is known that the reefs of
Ziyun, Guizhou and of Xiangbo, Longlin, Guangxi are the most typical of them. These two
reefs are not only well developed but also well exposed. For these reasons, the present study fo-
cuses on the reef of Xiangbo, Longlin, Guangxi, or Xiangbo reef for short.

In the November and December of 1985, field work was done on the reef of Xiangbo. Two
stratigraphic sections through the reef were measured. More than 400 hand specimens were
taken from the outcrops along the sections. More than 400 large thin sections were made by the
present author,

Based on all of the materials, the following work has been done: (1) the study of Permian
reef-building organisms such as sclerosponges, inozoans, hydrozoans and exirchydrozoans,
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algae and microproblematica, (2) the identification and description of all organisms in the reef,
86 genera and 121 species — including 44 new genera and 68 new species, (3) the study of the
guild and community paleoecology and community replacement of the reef, 7 community-types
and 12 communities recognized, and (4) the establishment of a column of organisms and of
communities for Middle Permian algal-calcisponge reefs. Besides, a new approach to the classi-
fication and description of reef rocks and to the facies division of reefs, i.c., the fabric-rock-types
and fabric-facies of reefs, is proposed and 6 fabric-rock-types and 13 element-rock-types are rec-
ognized in the reef. The taxonomic composition of the organisms described in the study is illus-
trated in Table 1.

Table 1. The taxonomic composition of the organisms described in the study

Group Genera  Newgenera  Species  Newspecics New families
Sclerosponge _ 4 11 18 15 1
Inozoan 15 8 25 14 7
Sphinctozoan 19 6 21 9 6
Hydrozoan & extrohydrozoan 6 6 9 7 0
Bryozoan 7 0 15 1 0
Algae 17 6 20 10 1
Microproblematica 8 7 13 12 5
Total 86 44 121 68 20
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2 General Features of Xiangbo Reef

I. Geological Setting and Stratigraphy

The reef studied is located at Xiangbo, a small village 40 km NW of Longlin County,
Guangxi Province, southern China (Fig. 1). it crops out on the hills 3 km northeast of Xiangbo
village. The outcrops cover a area of more than 10 km’. Structurally, the outcrops are distrib-

uted on the southwestern flank and west nose of Anran anticline (Fig. 2).
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Fig. 2 Distribution of the outcreps of the reef of Xiangbo on the Anran structure. 1: outcrops of the Mid-
dle Permian part of the reef; 2: outcrops of the Upper Permian part of the reef: 3: Xiangbo; 4: Longlin; 5:
Nanning. A-B, C-D: stratigraphic sections. P;: Lower Permian; P,; Middle Permian Qixia Stage; Py,
Middle Permian Maokou Stage; P,: Upper Permian,
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The Xiangbo reef is a component reef of the Diangiangui barrier reef tract (Fig. 3). The
barrier reef tract rims approximately the southern margin of the Diangiangui carbonate plat-
form (Fig. 3). The platform extended from Late Carboniferous to the end of Permian. It was
separated from Tethys sea by the Nanpanjiang basin (Fig. 3) bordering its southern margin.
During Permian Period shallow water carbonate sediments were deposited on Diangiangui plat-
form while deep water carbonate sediments, siliceous sediments and carbonate turbidite were
formed in Nanpanjiang basin. Afong the southern margin of the platform a series of algal-
calcisponge reefs were developed during Middle and Late Permian, typically at Longlin,
Ceheng, Wangmo, Ziyun, comprising a barrier reef tract extending for about 1600 km. Xiangbo
reef is a typical reef comprising the barrier reef tract.
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_- NLUT .
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Fig. 3 Paleogeographical setting of the reef of Xiangbo, Longlin, Guangxi, China. /A : The reef of
Xiangbo.

The Xiangbo reef was mainly developed during Middle Permian Maokou Stage and Upper
Permian Changxing Stage. The Permian of China is divided into three series and six stages:
Lower Permian Maping Stage and Liangshan Stage, Middle Permian Qixia Stage and Maokou
Stage, and Upper Permian Wujiaping Stage and Changxing Stage. Characterized by fusulinids
such as Cancellina, Verbeekina, Neoschwagerina, Yabeina and Neomiselling, the Middle Permian
Maokou Stage of China is correlated to the Guadalupian of USA. The Upper Permian Wujiap-
ing Stage is characterized by fusulinids such as Codonofusiella. Thus it can be correlated with the
Djulfian. The Upper Permian Changxing Stage is characterized by fusulinids such as
Palaeofusulina. Thus it can be correlated to the Dorashamian. The division and fusulinid zones
of Permian of China and their correlation with those of other regions are illustrated in Table 2.

Two stratigraphic sections from the top of the Qixia Stage to the top of the Changxing
Stage, through the sequence of Xiangbo reef were measured. The main features of them are
summarized in Fig. 4. As seen from the figure, Xiangbo reef includes two reefal phases: the
Middle Permian Mackou part and the Upper Permian Changxing part. They are separated by
the non- reefal interval of Wujiaping Stage. The present study is concentrated on the Maokou
part of the reef, Thus, in the following sections or chapters the Xiangbo reef or the reef of
Xiangbo means only the Middle Permian Maokou part of the reef.
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Table 2 Division and fusulinids of Permian of China and their correlation with those of other regions

China Other regions
Series
Stage Fusulinid zone Stage
Changxing Palaeofusuling-zone Dorashamian
Upper
Permian - . .
Wujiaping Codonofusiella-zone Djulfian
Maokou' Neoschwagerina-zone G ' adalupi
. aokou , uadalupian
Middle Cancellina-zone P
Permian
Qixia Miselling-zone Leonardian
Liangshan Pamirina-zone ?
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Fig. 4 Main features of the stratigraphical sections of the reef of Xiangbo, Longlin, Guangxi, China.
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I1. Fabric-rock-types

The classical classification of reef rocks was erected by Embry and Klovan (1971). Their
classification was followed by many reef researchers. However, the classification has the follow-
ing shortcomings: (1) the standards for the classification are indistinct, (2) the description of reef
rocks is cyclic, and (3) some rock types are not inciuded. According to previous researchers such
as Embry and Klovan, a more systematical scheme is proposed herein. In the scheme rocks are
classified only according to their fabric. The rock types in my classification are called fabric-
rock-types. Up to the present, 12 types of reef fabric have been recognized (Table 3). Thus, only
12 main fabric-rock-types have been recognized (Table 3).

Table 3 Fabric types and fabric-rock-types of reef rocks

Fabric types Diagnosis Fabric-rock-types
Framed fabric With framework Framestone
Baffled fabric With bafflers Bafflestone
Prebaffled fabric With prebafflers Prebafflestone
Crybaffled fabric With crybafflers Crybafflestone
Covered fabric With covers Coverstone
Bound fabric With binders Bindstone
With disarticulated
ted fabri t st
Segmented fabric s 5 of s Segment stone
Ruded fabric Composed of reef rock Rudstone
fragments
Floated fabric Contalmng“ n:efrock . Floatstone
fragments “floated” in matrix
. Reef rock gravels over 50%
Sandgraved fab d t
graved fabne and reef rock sands below 50% Sandgravstone
. Reef rock sands over 50% and
Gra f:
vsanded fabric reef rock gravels below 50% Gravsandstone
. C f reef
Boulded fabric omposed of reef rock Bouldstone

boulders above 0.1 m across

The framestone can be further divided into subtypes as in Table 4.

An alternative division of framestone is first to divide it into 4 subtypes: cemented frame-
stone, cecrusted framestone, micritic framestone, and micrusted framestone. These four
subtypes can be further divided into more subtypes according to the form of framers (Table 5).

In the new names of the fabric.rock- types in the divisions, the following abbreviations are
used: mic = micritic, ce = cemented, mas = massive, bra = branched, colu = columnar,
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morphic = diversified morphologically, crusted = encrusted, cecrusted = cemented + encrust.
ed, micrusted = micritic + encrusted.

Table 4 The division of framestone

Fabric types Diagnosis Fabric-rock-subtypes
Cemassive framed fabric G rry ented; Cemassive framestone
massive framers
: Sparry cemented;
anched fi f; Cebranched framest:
Cebr, ed framed fabric branched framers one
Cecolumnar framed fabric Sparry cemented; Cecolumnar framestone
colummnar framers
, . Sparry cemented; )
Cemorphic framed fabric framers diversified i form Cemorphic framestone
. Sparry cemented:
Cernascrusted framed fabric ] Cemascrusted framestone
massive, encrusted framers
S ted,
Cebracrusted framed fabric parry cemen Cebracrusted framestone
branched, encrusted framers
ted;
Cecolucrusted framed fabric Sparry cemen Cecolucrusted framestone
columnar, encrusted framers
cemented; ted .
Cemorphicrusted framed fabric Sparry . cl.acrus Cemorphicrusted framestone
framers diversified in form
; - Micritic fillings; . .
Micmassive framed fabric lonfic hiings Micmassive framestone

massjve framers

Micbranched framed fabric

Micritic fillings;
branched framers

Micbranched framestone

Mientic fillings;

Miccolumnar framed fabric Miccolumnar framestone
columnar framers
. . , Micritic fillings;
M hic framed f: i ic fram
icmorphic ed fabric framers diversified in form Micmorphic framestone
. ; Micritic fillings; .
Micmascrusted framed fabric m ©INngs Micmascrusted framestone
massive, encrusted framers
Micbracrusted framed fabric Micritic fillings; Micbracrusted framestone
branched, encrusted framers
Miccolucrusted framed fabric Micritic fillings; Miccolucrusted framestone
columnar, encrusted framers
- citic fillings:
Micmorphicrusted framed fabric Micritic fillings; cacrusted Micmorphicrusted framestone

framers diversified in form
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Fable 5 The second division of framestone

Cemassive framestone
Cecolumnar framestone
Cebranched framestone
Cemorphic framestone

Cemascrusted framestone
Cebracrusted framestone
Cecolucrusted framestone
Cemorphicrusted framestone

Cemented (ramestone

Cecrusted framestone

Micmassive framestone
Micbranched framestone
Miccolumnar framestone
Micmorphic framestone

Micritic framestone

Micmascrusted framestone -
Micbracrusted framestone
Miccolucrusted framestone
Micmorphicrusted framestone

Micrusted framestone

Fabric-rock- types can be subdivided into element-rock-types according to the taxonomic
types of the skeletal component in them.

In Xiangho reef, the fabric-rock-types and element-rock-types recognized are as follows.

1. Framestone

(1) Cemorphic framestone

Diagnosis: Sparry cemented; framers massive, coniform, or spherical generally (Fig. 5A).
The element- rock-type included is sponge cemorphic framestone in which sclerosponges,
inozoans, sphinctozoans and some hydrozoans are framers.

(2) Cemorphicrusted framestone

Diagnosis: Sparry cemented; encrusted framers columnar, conical, spherical or in other
forms (Fig. 5B). The element-rock-type inciuded is sponge cemorphicrusted framestone in
which the framers are sclerosponges, inozoans, sphinctozoans and some hydrozoans.

{3) Cecolucrusted framestone

Diagnosis: Sparry cemented; framers columnar and encrusted (Fig. 5C). The element-rock-
types included are (A) Archaeolithoporella- Monostysisyrinx cecolucrusted framestone in which
Archaeolithoporella is the encruster while Monostysisyrinx is the framer, (B) Archaeolithoporella-
Peronidella cecolucrusted framestone in which Archaeolithoparella is the encruster while thin
columnar inozoan Peronidella and sphinctozoan Sollasia and some other sponges are framers,

{4) Miemorphicrusted framestone

Diagnosis: Micritic interstitial materials; encrusted framers diversified in form (Fig. 5D).
The element-rock-type included is sponge micmorphicrusted framestone in which the framers
are sclerosponges, inozoans, sphinctozoans and hydrozoans, diversified in form.

(5) Micmorphic framestone

Diagnosis: Micritic interstitial materials; framers massive, coniform, or spherical (Fig. 5E).
The element-rock-type included is sponge micmorphic framestone in which sclerosponges,
inozoans, sphinctozoans and some hydrozoans are framers.
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Fig. M(A-K) Main fabric-rock-types and element.
rock- types in the recf of Xiangbo, Longlin, Guangxi,
China. €): framer or baffler or prebaffler; Q :
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phylioid alga; @ : dasyclad; ;7. : micrites; [/ :
- +*
K. Foraminifera-dasyclad packwackestone Anthracoporeila; A : foraminifera; + + : sparry
cements.

2. Bafflestone -

It has baffled fabric (Fig. 5F). The element-rock-type included is sponge bafflestone in
which sclerosponges, inozoans, sphinctozoans and some hydrozoans are bafflers.

3. Prebafflestone

It has prebafiled fabric (Fig. 5G). The element-rock-type included is Tubiphytes-sponge-
prebafflestone in which sclerosponges, sphinctozoans, inozoans and hydrozoans are prebafflers
while Tubiphytes is the main dweller.

4. Floatstome

It has floated fabric.

5. Grainstone

It follows Dunham’s definition. It includes three types: (1) fusulinid grainstone (Fig. 5H),
(2) phylloid algal grainstone (Fig. 5I), and (3} Anthracoporella qrainstone (Fig. 51).

6. Packwackestone

It includes Dunham’s packstone and wackestone. It includes the foraminifera dasyclad
packwackestone (Fig. 5K).

The sequence of the fabric-rock-types in the reef of Xiangbo is illustrated in Fig. 39.

IIL. Fabric-Facies

Facies division is an important aspect of sedimentary petrologic study of reefs.
Traditionally, reefs are divided into two parts: reef core and reef flank, or into three parts: reef
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core, reef front and reef back. This division is too simple to reveal the variation of reef features
in different parts of a reef. Recently, the method of microfacies analysis is applied to reef study.
However, this method has a too small visual field to be adequate for the study of reefs which are
often composed of large skeletons of organisms. For these reasons, 2 new method for dividing
rcef facies is suggested herein, i.c., the fabric-facies division of reefs. The fabric-facies of reefs
are defined as the distribution areas of fabric-rock-types. For example, the distribution area of
the framestones in a reef is defined as the framed facies of the reef; and that of the bafflestone is
called baffled facies; and those of the others are on the analogy. In Recent and ancient reefs, 12
fabric-rock-types have been recognized. Thus, 12 types of fabric-facies can be recognized totally
in Recent and ancient reefs (Tabie 6). Besides, the distribution area of packwackestones related
to reefs is defined as packwacked facies, and that of grainstones as grained facies for unity.

Table 6 The fabric-facies of reefs

Fabric-facies type Distribution area of || Fabric-facies type Distribution area of
Framed facies Framestone Segmented facies Segmentstone
Baffled facies BafTlestone Ruded facies Rudstone
Prebaffled facies Prebafflestone Floated facies _ Floatstone
CrybafTled facies Crybafflestone Sandgraved facies Sandgravstone
Covered facies Coverstone Gravsanded facies Gravsandstone
Bound facies Bindstone Boulded Facies Bouldstone

The fabric-facies is between traditional reef facies units (two-divided or three-divided units)
and standard microfacies in scale. This division can more thoroughly reveal the internal features
of reefs and their spatial variation.

The Xiangbo reef can be divided into 6 types of fabric-facies,

1. Framed facies It is the distribution area of the framestones.

2. Baffled facies It is the distribution area of the bafllestone.

3. Prebaffled facies It is the distribution area of the prebafflestone.

4. Floated facies It is the distribution area of the floatstone.

5. Grained facies 1t is the distribution area of the grainstones.

6. Packwacked facies It is the distribution area of the packwackestone.

All groups of reef- building organisms in Xiangbo reef will be dealt with in Chapter 3
through Chapter 9 respectively. Then, the guild and community paleoecology of the reef are
studied in Chapter 10. Finally, the horizons of all the reafal organisms and the guilds they be-
long to are given in Chapter !,

All the species described in Chapter 3 through Chapter 9 are based on thin sections and
hand specimens, with only section numbers listed, and all the species are from the Middle
Permian Maokou Stage Neoschwagerina-zone of Xiangbo reef.
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3 Sclerosponges

Sclerosponges are the most important reef-building organisms in the reef of Xiangbo. They
are also the most poorly studied one of the Permian reef-building groups.

I. Research History

Sponges with siliceous spicules and a calcareous basal skeleton were first described at the
beginning of this century {(Lister, 1900; Kirkpatrick, 1910, 1911; Hickson, 1911, 1912). After
that, this kind of organisms were forgotten for over half a century. In the late 1960s, this kind of
enigmatic organisms were rediscovered in the fore-reef siopes of Jamaica (Hartman & Goreau,
1969, 1970). This discovery has opened a new era for the study of this kind of organisms.

After detailed studies of the specimens from Jamaica, a new class, Sclerospongiae, was es-
tablished by Hartman & Gorean in 1970 to contain this kind of organisms. Since then, more
sclerosponges have been described (Hartman, 1979; Hartman & Goreau, 1972, 1975, 1976;
Mori, 1976, 1977, Cuffey, 1979; Cuif, 1974, 1979; Dieci et al, 1974, 1977; Gray, 1980;
Kazmierczak, 1974, 1979, 1984), most of which are living ones, In addition, some chaetetids,
some tabulatae and some stromatoporoids have been recognized as sclerosponges because of the
discoveries of spicule evidences in their skeletons.,

Up to now, 7—9 Mesozoic genera of sclerosponges have been reported. Besides, 6 Mesozoic
stromatoporoids and 1 Mesozoic chaetetid have been recognized as sclerosponges because of
spicule evidences in them. No reliable Paleozoic sclerosponges have been reported except that |
Paleozoic chaetetid and 1 Paleozoic tabulate have been placed in Sclerospongiae because of
spicule evidences.

The scarcity of Paleozoic sclerosponges described means that there are some difficulties in
the study of Paleozoic sclerosponges. It is known that spicule evidences are more likely to be
preserved in Mesozoic sclerosponges than in Paleozoic ones. And spicule evidences are absent
from most fossil sclerosponges, especiaily from Paleozoic ones. Thus, the main problem in the
study of Paleozoic sclerosponges is to determine the standards for the identification of those
sclerosponges without spicule evidences preserved.

I1. Standards for Identification of Sclerosponges

Sclerosponges are characterized by siliceous spicules and a calcareous basal skeleton which
is covered by a veneer of soft tissue. Thus, living sclerosponges can be recognized according to
the features of spicules, basal skeletons and even soft tissue. However, this is not the case of all
fossil sclerosponges.

What are the criteria for recognizing a fossil sclerosponge? The first one, also regarded as
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the most important one by most sclerosponge researchers is the spicules, their presence or
absence, and their types if present. It is clear that when sclerosponge- type spicules (siliceous,
acanthostyles, acanthostrongyles, or tylostyles as megascleres or spirasters as microscleres) are
found in a calcareous fossil, the sclerosponge nature of the fossil is easy to determine.
Unfortunately, however, only in a few fossil sclerosponges can spicules be preserved. This is due
to two facts: (1) some sclerosponges have spicules only in their sofi tissue (e.g., Acanthochaetetes
wellsi), and (2) spicules embedded within calcareous basal skeletons are chemically unstable and
apt to suffer from erosion. It is found that only in special environments (e.g., stagnant environ-
. ments) might spicules be preserved (Kazmierczak, 1979), In fact, up to the present only in a few
Mesozoic and few Paleozoic fossil sclerosponges have spicule evidences been found. Therefore,
spicules are not a criterion available for the identification of all fossil sclerosponges because of
their absence from many fossil sclerosponges, especially Paleozoic reefat ones.

Secondly, the microstructure of skeletons is regarded as a chief criterion by many
researchers. However, as found by Wendt (1979, 1984), there is no distinct difference between
the microstructure of skeletons of sclerosponges and that of calcareous sponges (i.e., inozoans
and sphinctozoans). On the other hand, the type of microstructure can be different among dif-
ferent species of a sclerosponge genus. In addition, the microstructure of sclerosponge skeletons
is inclined to be destroyed by diagenetic alterations, thus can not be preserved in all fossils.
Therefore, the taxonomic value of the microstructure of sclerosponge skeletons is also limited.

Then, what is the key to the problem? In my opinion, the answer lies in the construction of
cakarecus basal skeletons.

To discuss this problem, it should be noted that the stromatoporoids with spicule evidences
reported as sclerosponges by Wood and Reitner (1986) and as demosponges by Reitner (1987)
are also regarded as sclerosponges by the present author. The reason for this is given in the fol-
lowing part. When all spiculate stromatoporoids and chaetetids are taken into account, all
known sclerosponges, whether living or fossil ones, can be divided into three types: tube-con-
structed sclerosponges, pillar-constructed sclerosponges and fibre.constructed sclerosponges.

The tube-constructed sclerosponges are characterized by their tube-constructed skeletons.
In the tube-constructed sclerosponges, the calcareous basal skeletons are composed of smalt
tubes or canais (when more or less irregular in form) closely and regularly aggregated. The
tubes or canals are generally radially (in columnar or massive forms) or parallely (in encrusting
forms) arranged, tabulated or atabulated. Two adjacent tubes or canals share a common wall
(Fig. 6A). .

The pillar-constructed sclerosponges are characterized by their pillar-constructed skeletons.
In pillar-constructed sclerosponges, the calcareous basal skeletons are composed of longitudinal
or vertical or radial pillars (when they are rod-like) or vertiplates (when they are piate-like) and
horizontal or transversal or concentrical skeletal elements perpendicular to the pillars or
vertiplates (Fig. 6B). The transversal or concentric skeletal elements can be crossbars, bridges,
laminae, dissepiments or calcifillings. The crossbars are rod-like, perpendicular to the pillars or
vertiplates, with one end joined into the pillars or vertipiates and the other end free projecting
towards the interspaces between the pillars or vertiplates. When the free ends of two crossbars
from adjacent pillars or vertiplates joined together, a bridge is formed. So, a bridge conpects
two adjacent pillars or vertiplates. The laminae, as previously defined in stromatoporoids, are
thin, more or less flat, sheet-like, extending laterally, passing across many, most, or all of the pil-
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lars or vertiplates in a basal skeleton. The dissepiments are cystose, generally convex-up, closely
and irregularly spaced in the interspaces between pillars or vertiplates. The calcifiliings are solid
calcareous materials filling the interspaces between piilars or vertiplates,

The fibre-constructed sclerosponges are characterized by their fibre-constructed skeletons.
In fibre-constructed sclerosponges, the calcareous basal skeletons are constructed of fibres or

parafibres (when they are irregular in form) which are arranged into three-dimensional lattice
(Fig. 6C).
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The tube-constructed sclerosponges can be exemplified by the living genus Acantho-
chaetetes and the fossil genus Chaetetopsis; the pillar- constructed sclerosponges can be repre-
sented by the living genus Hispidopetra and the fossil genus Euzkadiella, and the fibre-con-
structed sclerosponges can take the living genus Astrosclera and the fossil genus Stromatopora
as instances. The construction and terminology of the three types -of sclerosponges are illus-
trated in Fig. 6.

There is no doubt that the construction of the sclerosponge skeletons is determined by their
secretion mode which is biologically controlied by their soft tissue. In addition, the construction
features of basal skeletons can always be preserved in all fossils. Therefore, it is concluded that
the construction of basal skeletons can be used as the chief criterion for the identification and
classification of sclerosponges, especially of fossil ones in the absence of spicule evidences.

II1. Scheme of Classification

A lot of work has been done by many researchers such as Hartman & Goreau (1980, 1983)
on the classification of sclerosponges. However, most of the previous classifications are mainly
based on the features of living sclerosponges such as spicules and soft tissue, thus are not always
applicable to fossil sclerosponges, especially to those without spicule evidence. Some previous
researchers used the microstructure of skeletons as the chief criterion in their classifications. As
mentioned above, however, the microstructure of skeletons is not a reliable criterion. Thus, this
kind of classifications has some shortcomings. In one word, owing to the recency of the estab-
lishment of the class, and hence limited number of fossil sclerosponges described, and owing to
the disagreement about the standards for classification, the classification of sclerosponges is far
from completion. This is particularly true of those fossil sclerosponges without spicule evidence.
Up to date, there is no classification which is applicable to the Paleozoic sclerosponges without
spicule evidence. 8o it is necessary to present a new classification scheme herein in which alfl liv-
ing and fossil sclerosponges can find a position even in the absence of spicule evidence.

For reasons mentioned above, the new scheme is mainly based on the construction of basal
skeletons. When present or presecved, sclerosponge-type spicules, together with a calcareous
basal skeleton are a reliable indication of a sclerosponge, especially a fossil one. When
preserved, the microstructure of skeletons may be a helpful criterion in the identitication of gen-
era and species. The new classification scheme is as follows.

Class Sclerospongiae Hartman & Goreau, 1970

Definition: Sponges with siliceous spicules and a calcareous basal skeleton which is covered
by a thin veneer of soft tissue. The spicules are acanthostyles, acanthostrongyles, or tylostyles as
megascleres, or spirasters as microscleres, all within the soft tissue or embedded in the basal
skeleton. The basal skeleton can be tube-constructed, pillar-constructed, or fibre-constructed
type, aragonite or calcitic. Three subclasses are included.

Geological range: Ordovician to Recent,

Subclass Tubulispongia nov.

Definition: Sclerosponges with a tube {(or canal)-constructed basal skeleton. The basal skele-
ton can be massive, sheet-like, or columnar, composed of small tubes or canals radiating upward
from the substrate the sponge attaches to or the grain the sponge encrusts onto. The tubes or
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canals can be tabulated, or atabulated and empty, or internally filled with calcifillings. Adjacent
tubes or canals share a common wall perforated or imperforated. Openings of the tubes or ca-
nals make the upper surface of the skeleton honey-combed. Tree orders are included.

Geological range: Ordovician to Recent.

Order Tubulispongiida ord. nov.

Definition: Members of the subclass with a skeleton composed of small tubes or canals
atabulated and empty (called a tube-structured skeleton). The common walls between adjacent
tubes or canals are often perforated by small pores randomly or regularly arranged. The inner
surface of the common walls can be ornamented with small processes.

Family Tubulispongiidae fam, nov.

Definition: As for the order.

Type genus: Tubulispongia gen. nov.

Order Chaetetida Okulitch, 1936

Definition (revised): Members of the subclass with a skeleton composed of tabulated small
tubes or canals (called a tube-tabula-structured skeleton). The common walls between adjacent
tubes or canals are perforated or imperforated. The inner surface of the common walls can be
ornamented with spiny processes. Tabulae are regularly or irregularly spaced in the tubes or ca-
nals. Only one family is included.

Geological range: Ordovician to Recent.

Discussion: This order was placed in Tabulata in the past. Recently it has been removed to
Sclerospongiae by some researchers (Dieci et al, 1977; Kazmierczak, 1979; Gray, 1980) because
of the discovery of spicule evidence. This is accepted by the present author. In my opinion, all
those chaetetids with a sclerosponge-type skeleton should be regarded as sclerosponges although
no spicule evidence has been found in them. According to this principle, most chaetetids are
sclerosponges. Thus, it is reasonable to remove this order to Sclerospongiae. Those chaetetids
without sclerosponge-type skeleton should be expelled from the order and placed in Tabulata
tentatively,

The differences between chaetetid sclerosponges and tabulatae are (1) chaetetid
sclerosponges are massive, sheetlike, or columnar, rather than phacelloid, (2) the tubes or canals
in chaetetid sclerosponges are relatively small in size, and (3) spicule evidence can never be
found in tabulatae.

Three families were erected in the order in the past. They were Chaetetidae Milne-Edwards
& Haime (1850), Varioparietidae Schnorf- Steiner (1963), and Acanthochaetetidae Fischer
(1970). These families were defined mainly according to the microstructure of skeletons, For the
reasons mentioned above, this kind of division is not followed by the present author. Thus, only
one family remains in the order.

Geological range: Ordovician to Recent.

Family Chaetetidae Minle-Edwards & Haime, 1850

Definition (revised): As for the order.

Type genus: Chaetetopsis Neumayr, 1890

Order Ceratoporellida Hartman & Goreau, 1972

Definition (revised): Members of the subclass with a skeleton composed of small tubes or
canals internally filled with calcifillings (called a tube-calcifillings-structured skeleton). The pit-
like unfilled distal ends of the tubes or canals make the upper surface of the skeletons honey-
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combed. One family is included.

Geological range: Upper Triassic to Recent.

Discussion: This order was established by Hartman & Goreau in 1970 to contain all living
sclerosponges having a basal skeleton filled with calcifillings internally. Among them, however,
some members such as Hispidopetra and Stromatospongia are pillar (or vertiplate)-constructed
rather than tube (or canal)-constructed, thus should be excluded from this order according to
the present revised definition of the order.

Family Ceratoporellidae Hickson, 1911

Definitiom: As for the order.

Type genus: Ceratoporella Hickson, 1911

Subclass Colnmispongia nov.

Definition: Sclerosponges with a pillar (or vertiplate)-constructed skeleton composed of ver-
tical or radial pillars or vertiplates and horizontal or concentrical crossbars, or / and bridges, or
laminae, or dissepiments, or calcifillings. The free distal ends of the pillars or vertiplates can
make the surface of skeletons meandroid or echinolophate. Three orders are included.

Discussion: Convincing spicule evidences have been found in some stromatoporoids (Wood
& Reitner, 1986; Reitner, 1987). These spiculate stromatoporoids were placed in Sclerospongiae
(Wood & Reitner, 1986) and Pemospongiae (Reitner, 1987). According to the spicule type and
the construction of their calcareous skeletons, the present author regards all these stromato-
poroids as sclerosponges. Because of the parallel between the pillars and vertiplates (i.e., the
irregular pillars) of the typical stromatoporoids (those composed of pillars or vertiplates and
lateral or concentrical skeletal elements) and the free ends of pillars and vertiplates projecting
above the skeleton surface of the pillar (or vertiplate)-constructed sclerosponges such as
Hispidopetra and Stromatospongia, the typical stromatoporoids are related to pillar (or
vertiplate)-constructed living sclerosponges. And they are all grouped inito this subclass.

It is interesting to note that the Silurian stromatoporoid Lophiosiroma bears a skeleton
identical to those of the living pillar {or vertiplate)-constructed sclerosponges Hispidopeira and
Stromatospongia.

Geological range: Ordovician to Recent.

Order Euzkadiellida ord. nov.

Definition: Members of the subclass with a skeleton composed of pillars (or vertiplates)
and crossbars or / and bridges (called a piflar-crossbar-structured skeleton). The crossbars or
bridges are regularly or irregularly arranged. Two families are included.

Discussion: As mentioned above, a stromatoporoid with a spiculate calcareous basal skele-
ton, Euzkadiells was described and placed in Order Haplosclerida (Class Demospongiae,
Subclass Ceractinomorpha) by Reitner in 1987 in consideration of its “sclere arrangement char-
acteristic of Order Haplosclerida”. However, in my opinion, the spicule type and the presence of
the calcareous basal skeleton in the genus are both evidences of its sclerosponge affinity. Be.
cause of the special construction of the skeleton in the genus, a new order represented by the ge-
nus is established.

Actinostroma-like stromatoporoids bear a calcareous skeleton similar to that of Euzkadiella.
Thus they are also included in this order.

Family Euzkadiellidae fam. nov.
Definition: Members of the order with a pillar-crossbar-structured skeleton in which the
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crossbars or / and bridges are irregularly spaced.
Type genus: Euzkadiella Reitner, 1987
Family Actinostromatidae Nicholson, 1886

Definition (revised): Members of the order with a pillar- crossbar- structured skeleton in
which the crossbars or / and bridges are spaced at the same levels horizontally or concentrically.

Type genus: Actinostroma Nicholson, 1886

Order Stromatoporida Stearn, 1980

Definition (revised): Members of the subclass with a skeleton composed of pillars or
vertiplates and laminae (called pillar-lamina- structured skeleton). The laminae are generally
continyous laterally and can pass across many, most or all of the pillars or vertiplates. One fami-
ly is included.

Geological range; Ordovician to Cretaceous.

Family Stromatoporidae Winchell, 1867

Definition (revised): As for the order.

Type genus: Stromatopora Goldfuss, 1826

Order Labechiida Kuhn, 1927

Definition (revised): Members of the subclass with a skeleton composed of pillars or
vertiplates and dissepiments spaced in the interspaces between the pillars or / and vertiplates
(called a pillar-dissepiment-structured skeleton). One family is included.

Family Labechiidae Nicholson, 1879

Definition (revised): As for the order.

Type genus: Labechia Edwards & Haime, 1851

Order Hispidopetrida ord. nov.

Definition: Members of the subclass with a skeleton composed of pillars or vertiplates and
calcifiltings internally filling the interspaces beiween the pillars or/ and vertiplates (called
pillar-calcififlings-structured skeleton). Only one family is included.

Geological range: Silurian to Recent.

Family Hispidopetridae fam. nov.

Definition: As for the order.

Discussion: The Cretaceous Murania Kazmierczak, 1974 is a conspicuous fossil representa-
tive of the family. The Silurian stromatoporoid Lophiosiroma is also tncluded in this family.

Type genus: Hispidopetra Hartman, 1969

Subclass Retinispongia nov.

Definition: Sclerosponges with s fibre (or parafiber) constructed skeleton which is com-
posed of fibres or parafibers (when irregular in form) arranged into three- dimensional lattice,
The skeletons are with or without astrorhizae. Only one order is included in it at the present.

Discussion: The subclass includes living members such as Astrosclera and Calcifibrospongia
and fossil ones such as some members of Stromartopora which also have a reticulate skeleton.

It is a puzzling fact that no transversal skeletal element has been found within the reticulate
skeletons of this subclass.

Geological range: Ordovician to Recent.

Order Astrosclerida ord. nov.

Definition: As for the subclass.

Family Astroscleridae Lister, 1900
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Definition: As for the order.
Type genus: Astrosclera Lister, 1900

IV. Formation of Skeletons

As has been suggested before, the characteristics of a sclerosponge skeleton are determined
by its secretion mode. So, it is significant to discuss the skeleton formation of sclerosponges
herein to a moderate extent.

It has been suggested that the siliceous spicules are formed before calcareous skeletons in
sclerosponges (Wendt, 1979). This is reasonable because siliceous are generally incorporated in
the axial region of skeletal elements, as we know.

According to the construction and microstructure of the sclerosponge skeletons the present
author believes that the sclerosponge skeletons are formed in two main stages.

Firstly, the vertical or longitudinal skeletal elements, i.e., the common walls of the tubes or
canals in Subclass Tubulispongia, the pillars or vertiplates in Subclass Columispongia, and the
fibres or parafibres in Subclass Retinispongia are secreted probably around spicule mats and
organic spongin matrixes. For convenience, the skeletal elements formed in the first stage are
called primary skeletal elements. According to their form and their orientation within
calcareous skeletons, it can be deduced that the primary skeletal elements are secreted only in
some parts of the underside surface of the living tissue of sclerosponges. That is to say, only
some areas of the underside surface of the living tissue of sclerosponges have the ability to se-
crete primary skeletal elements. These areas are called precalcifareas. Apparently, the
precalcifareas must be regular reticulate in Subclass Tubulispongia with the meshes circular,
subcircular or polygonal commonly, be pointlike in pillar-constructed sclerosponges, be vermi-
form in vertiplate- constructed sclerosponges, and be irregularly reticulate in fibre- constructed
sclerosponges as deduced from the shape of the primary skeletal elements. Based on the fact that
the top surface of the common walls of the tubes in Tabulospongia horiguchii
(Mo, 1976, pl. 4, figs. 1, 2) consists of small, hill-like processes, and that the vertiplates in
Stromatopora (Yabe and Sugiyama, 1935) are beadlike in cross section, it is also assumed that
the precalcifarea consists of smalfl, pointlike basic units which are called precaicipoints. Each
pointlike precalcifarea consists of one precalcipoint in the pillar- constructed members. The
vermiform, the regularly reticulate, and the irregularly reticulate precalcifareas consist of many
precalcipoints arranged side by side.

Characters of primary skeletal elements are determined not only by the form of the precal-
cifareas secreting them but also by the moving mode of the precalcifareas during secretion. In
Subclass Tubulispongia, the common walls are secreted by regularly reticulate precalcifareas on
the condition that the precalcifareas make only gentle and upward movement. In Subclass
Columispongia, the pillars or vertiplates are secreted by pointlike or vermiform precalcifareas
on the condition that the precalcifareas move only upward and gently. In Subclass
Retinispongia, the fibres or parafibres are secreted by the irregularly reticulate precalcifareas on
the condition that the precalcifareas make both upward and lateral irregular motion.

The formation of the transversal skeletal elements (i.e., the tabulae in Subclass
Tubulispongia, the crossbars, bridges, dissepiments and laminae in Subclass Columispongia and
the calcifillings in the two subclasses) represenis the second stage of the formation of
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sclerosponge skeletons. The skeletal elements formed in this stage are called secondary skeletal
elements. It is apparent that the secondary skeletal elements are formed somewhat after the
primary skeletal elements.

It is evident that the secondary skeletal elements are secreted by the soft tissue between the
precalcifareas. These areas of soft tissue capable of secreting secondary skeletal elements are cal-
led subcalcifareas. As deduced from the characteristics of the secondary skeletal elements, the
subcalcifareas are generally discretely circular, subcircular, or polygonal in Subclass Tubuli-
spongia, sieve-like with fine meshes, or meandroid in Subclass Columispongia, and discretely
irregularly pointlike in Subclass Retinispongia.

Like primary skeletal elements, the type and characters of the secondary skeletal elements
are determined by not only the form of the subcalcifareas secreting them but also the motion
mode of the subcalcifareas during secretion. In Subclass Tubulispongia, if the subcalcifareas pe-
riodically secrete calcareous substances, the tabulae are formed; if they secrete calcareous sub-
stances continuously, the calcifillings are formed; if they secrete no calcareous substances, no
secondary skeletal element is formed. In Subclass Columispongia, if the subcalcifareas periodi-
cally secreie calcareous substance, the crossbars, or bridges, or laminae, or dissepiments are
formed, if they secrete calcareous substances continuously, the calcifillings are formed.

It seems that there are certain limits to the size of precalcifareas and subcalcifareas of
tube- constructed sclerosponges. During the course of the development of a sclerosponge, the
precalcifareas and the subcalcifareas increase in size. When the limit is reached by a
precalcifarea between three adjacent meshes, a dead point will appear in the center of the
precalcifarea. In the dead point, the soft tissue stops secreting primary skeletal elements and a
new subcalcifarea is formed here. It is through the dead point that the cavity of a new tube or
canal is formed. This process has been called intramural budding. On the other hand, when the
limit is reached by a subcalcifarea, a belt of new precalcifarea which symmetrically divides the
subcalcifarea into two paris is formed. And a new common wall will be formed by the new
precalcifarea. Eventually, the original tube or canal will be divided into two new ones. This pro-
cess is what has been called longitudinal fissure. The intramural budding and the longitudinal
fissure are the two main ways to produce a new tube or canal in a sclerosponge.

V. Paleoecology

It is known that Recent sclerosponges occur in fore-reef slopes at the depth of 60 to 105 me-
ters, or in the cryptic caves, tunnels and recesses on the upper parts of coral reefs, above 60 me-
ters in depth. When occurring in fore-reef slopes, sclerosponges are important reef formers,
commonly framer-builders, while in the shallow-water cryptic environments, they are dwellers.
However, this is not the case of Paleozoic sclerosponges.

Paleozoic sclerosponges are important reef framers. In Middle Paleozoic, especially in
Devonian, pillar-constructed sclerosponges, especially “stromatoporoids” were numerous and
diversified, forming reefs in worldwide scale. In Late Paleozoic, sclerosponges, particularly
in Permian, tube-constructed scierosponges took the role of main reef-builders. In the Middle
Permian reef of Xiangbo, sclerosponges are the primary framers, with inozoans and
sphinctozoans accessory. According to the measurement made in the field, sclerosponges consti-
tute 43.7-51.2% of the main reef-builders in the reef. It is found that sclerosponges are more
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abundant in framed facies than in baffled facies. Similarly, in the Upper Permian reefs of
Lichuan, Hubei, China, sclerosponges are also important framers.

As we know, “stromatoporoids” are generally large-sized, often up to one to several meters
in diameter. It is known that the calcification of hard-bodied organisms can be enhanced via the
symbiosis of Zooxanthellae with them. For example, Recent bivalves are commonly small in
size, while those in tropical sea can reach large sizes in the presence of symbiotic Zooxanthellae.
Thus, it can be deduced that some Devonian stromatoporoid sclerosponges can be with the
symbiosis of Zooxanthellae,

According to their occurrence in reefs, Paleozoic sclerosponges should have inhabited nor-
mal shallow-water environments. In Permian reefs, sclerosponges are generally accompanied by
calcareous algae. Calcareous algae commoanly occur in the shallow water environments less than
20 meters in depth. Thus the depth for sclerosponges should be the same. We know that the dis-
tinct groove-ridge system and big reef rock blocks are formed near sea level in Recent coral
reefs. But the groove-ridge system has not been found in Paleozoic reefs. Thus it can be ¢on-
cluded that the Paleozoic sclerosponges inhabited the shallow-water environments at a depth of
5 to 20 meters.

The living habits of sclerosponges have changed in post- Triassic time, probably because
they were out-competed by Hexactinjarians which are more adapted to shallow-water reefal en-
vironments. It seems that sclerosponges were accessory reef-formers in Mesozoic.

V1. Geological Range and Evolutionary Tendency

Sclerosponges appeared in Ordovician. As early as in Ordovician, tube-, pillar- and
fibre-constructed sclerosponges came into existence. In Middle Paleozoic, pillar-constructed
sclerosponges (i.e., “stromatoporoids” ) were abundant numerically and taxonomically, and
constructed many reefs over the world. In Late Paleozoic, they declined, but tube-constructed
sclerosponges were common and became dominant reef-formers. In Mesozoic, tube- and pillar-
constructed sclerosponges became inconspicuous, contributing little to reef formation; and
fibre-constructed sclerosponges were most sparse. After Triassic, sclerosponges were gradually
excluded from reefs by Hexactiniarians. By the end of Cretaceous, sclerosponges declined again,
with some surviving into Cenozoic. In Recent sea, some pillar-constructed, some tube-con-
structed, and a few fibre-constructed sclerosponges are still present. Ecologically, they are reef-
dwellers in the shallow parts of coral reefs, or reef-formers in deeper fore-reef slopes.

From above it can be concluded that the change of living habits from shallow-water reef-
builders in Paleozoic to deeper-water fore-reef slope reef-formers or shallow-water cryptic reef-
dwellers is an important evolutionary tendency of sclerosponges.

In addition to their ecological habits and roles in reef formation, the skeletal construction
of the sclerosponges has also changed with time. In Early and Middle Paleozoic, the transversal
skeletal elements can be dissepiments, crossbars or / and bridges, laminae and tabulae. In Late
Paleozoic, the transversal skeletal elements are mainly tabulae, or absent. In Cenozoic and Re-
cent sclerosponges, however, the transversal skeletal elements are mainly calcifillings which
seems to appear in Silurian, with the tabulae accessory. This change, probably due to the fact
that the calcifillings are a kind of more effective supporting facilities related to low rate of
calcification, is the second evolutionary tendency in sclerosponges.
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VII. Systematic Description

Class Sclerospongiac Hartman & Goreau, 1970
Subclass Tubulispongia nov.
Order Tubulispongiida ord. nov.
Family Tubulispongiidae fam. nov,
Genus Tubulispongia gen. pov.,

Derivatio sominis: Tubuli (la. = small tube) refers to the tube-constructed skeleton of this
genus.

Diagnosis: Skeletons commonly columnar, composed of small tubes diverging upward and
outward from the axis of skeletons. The tubes polygonal or subcircular in cross section, normal
to skeleton surface. The common walls between adjacent tubes are perforated. The surface of
common walls ¢can be smooth, or provided with hill-like or spiny processes. When the pores in
the common walls are arranged into vertical rows and the pores of the adjacent common walls
spaced at the same levels, the skeleton appears as concentric belis in sections. No epitheca on
skeleton surface. The openings of tubes make skeleton surface honey-combed. The microstruc-
ture of skeletons is typically spherulitic. New tubes are produced through intramural budding,

Type species: Tubulispongia concentrica gen. et sp. nov.

Tubulispongia concentrica gen. et sp. nov.
(pl.1/4,6)

Derivatio nominis: The species name calls attention to the concentric appearance of skele-
tons in sections.

Diagnosis: Skeletons large, columnar. Cornmon walls regularly perforated. Skeletons con-
centric in sections. Tubes (.25—0.65 mun in diameter.

Section; xb31-1-7 (holotype) and xb3l—-1-6 (holotype, from the same specimen as
31-1-7), xb33—1-R1-3, xb36—4—12 (paratype).

Description: Skeletons large, columnar, probably branched, generally 20—26 mm in diame-
ter. Branches in holotype 20 mm wide.

Skeletons composed of small tubes arising vertically from skeleton axis, and gradually curv-
ing outward, eventually perpendicular to the skeleton surface, Tubes uniform in size and form,
subcircular in cross section, ranging 0.25—0.65 mm in diameter along their length. The common
walls between adjacent tubes range 0.12-0.30 mm in thickness, regularly perforated by pores
0.17-0.25 mm across. The pores arranged into regular longitadinal rows in common walls, with
the pores in a row spaced at a certain interval. The pores in adjacent rows arranged at the same
levels. This makes the skeletons appear as concentric belts in sections, which means that each
tube bears at least two rows of pores. The concentric belts range 0.75—1.7 mm in width, com-
monly 1.0~1.2 mm. Adjacent concentric belts range 0.12-0.25 mm apart.

The surface of the commeon walls not smooth due to the pores and hill-like processes. New
tubes produced by intramural budding.

No epitheca; the openings of tubes make skeleton surface honey-combed.

Locality and horizon; Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Tubulispongia continua gen. et sp. nov.,
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(L. 1/1,7;pl.6/4)

Derivatio nominis: The species name refers to the continuity of the commeon walls i sec-
tions.

Disagnosis: Skeletons columnar. Pores randomly distributed in common walls. The common
walls continuous. Skeletons show no concentric appearance in sections. Hill-like, cone-like, or
spiny processes well developed on the surfaces of common walls. Tubes 0.25-0.50 mm across.

Section: xb33—1-RI1-5 (holotype), xb33—1-16 (paratype), xb36—4-14, xb28—4, and
xb36—4—15. .

Description: Skeletons large, columnar, 20—25 mm in diameter,

Skeletons composed of small tubes arising vertically from skeleton axis, then gradually
curving outward, eventually perpendicular to skeleton surface. Tubes polygonal to circular in
cross section, ranging (.25—0.50 mm in diameter along their length. The common walls range
0.10-0.30 mm in thickness, perforated by pores 0.075—0.200 mm across. The pores randomly
arranged, spaced 0.30~.735 apart. The common walls continuous and skeletons show no con-
centric appearance in sections, due to the irregular perforation of common walls. The surface of
the common walls is provided with hill-like or spiny processes (they are more striking in longi-
tudinal sections). New tubes are added by intramural budding.

Openings of tubes make skeieton surface honey-combed.

Discussion: This species differs from the previous one in the irregular perforation of com-
mon walls and the absence of concentric appearance in sections of the former.

Locslity and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Flabellisclera gen. nov.

Derivatio nominis: Flabell (la. = small fan) refers to the fanlike arrangement pattern of ca-
nals it sections. :

Diagnosis: Skeletons conical, composed of ¢anals radiating upward from the substrate the
sponges attach to. Common walls irregularly perforated, discontinuous in longitudinal sections.
Skeleton surface without epitheca. The underside surface of skeletons generally concave-up due
to attachment. The microstructure of skeletons unrecognizable due to diagenetic alternation.
New canals are produced through intramural budding.

Type species: Flabellisclera discreta gen. et sp. nov.

Flabellisclera discreta gen. et sp. nov.
(pL2/2,4)

Derivatio nominis: Discret (la. = discontinuous) calls attention to the discontinuity of
common walls,

Diagnosis: Skeletons conical, or like a low column with a domed top. Common walls
discontinuous in longitudinal sections, irregularly perforated. The diameter of canals and the
thickness of common walls range 0.17--0.30 mm.

Section: xb34—7-3 (holotype)} and xb35—1-2 (paratype).

Description: Skeletons small, conical or domed columnat in gross form, high triangulate or
tongue-like in outline in longitudinal sections, 10—15 mm wide and at least 15—16 mm high. The
underside surface of skeletons always concave-up because of attachment onto substrate,

Skeletons composed of small canals radiating upward from the base of skeletons. The ca-
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nals 6.17-0.37 mm in diameter, extending through the length of skeletons, reaching the side sur-
face of skeletons at an acute angle. The common walls 0.17-0.30 mm thick, irregularly perfo-
rated by pores 0.12—0.25 mm across. The pores irregularly arranged. The perforation makes
common walls discontinuous in longitudinal sections. The diameter of canals and the thickness
of common walls small at the proximal ends, and gradually increasing toward the distal ends.
New canals are produced by intramural budding.

The openings of canals make the surface of skeletons honey-combed.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Flabellisclera sp.
PL5/ D

Section: xb33—5—35, xb30—3-10.

Description: Skeletons 910 mm wide. Their height unknown because of the inadequate di-
rection of the sections.

Skeletons composed of small canals diverging upward from the base of the skeletons. The
canats 0.6—0.7 mm across, subcircular in cross section. The common walls 0.20--0.25 mm thick,
irregularly perforated.

Discussion: These specimens differ from Flabellisclera discreta gen. et sp. nov. in their thick-
er comunon walls and the larger diameter of their canals.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Conosclera gen. nov.

Derivatio pominis: Con {la. = cone) refers to the conical form of skeletons.

Diagnesis: Skeletons conical generally, composed of small, irregular canals diverging up-
ward from the substrate the sponges attach onto. Canals and common walls irregular or
vermiform in sections because of irregular perforation. The underside surface of skeletons gen-
erally concave-up because of their encrustation on other sponges.

Type species: Conosclera vermicula gea., et sp. nov.

Conosclera vermicula gen. et sp. nov.
(pl.2/1,3)

Derivatio pominis: The species name calls attention to the vermiculate form of the common
walls in sections.

Diagnosis: Canals 0.22-0.25 mm across. Common walls generally 0.10—0.17 mm thick,
irregularly perforated, vermiculate in longitudinal sections.

Sectiom: xb30—2—7 (holotype) and xb30—8—13 (paratype).

Description: Skeletons small, coniform. The holotype 12.5 mm in diameter and at least 12
mm in height. The underside surface of skeletons generally concave-up, depending on the sub-
strate they attach to.

Skeletons composed of small canals diverging upward from the substrate they attach to.
The canals subcircular in cross section, 0.22—0.25 mm in diameter. Common walls variable in
thickness in different parts of skelotons, generally ranging 0.10—0.17 mm, perforated by porcs
0.200.27 mm across. The pores irregularly arranged, making common walls vermiform in
longitudinal sections and transversal sections. The microstructure of skeletons is spherulitic.
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Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Gigantosclera gen. nov.

Derivatio nominis: Gigant (la. = very great) refers to the large diameter of skeletons.

Diagnosis: Skeletons generally large, columnar in form, composed of small canals diverging
from skeleton axis, gradually curving outward, and eventually perpendicular to skeleton
surface. The canals irregular, discontinuous. Common walis perforated by pores regularly ar-
ranged. Adjacent canals laterally communicated at roughly the same levels via the pores. Pores
concentrically arranged in longitudinal sections of skeletons. In transversal sections of
skeletons, canals circular in outline, unevenly, generally in small patches, distributed. The com-
mon walls vary in thickness, from very thin or even interrupted by the pores to as thick as sever-
al times of canal diameter. The microstructure of skeletons is trabecular. The openings of canals
make the surface of skeletons honey-combed.

Discussion: This genus resembles Tubulispongia gen. nov. in growih form, gross size, and
the arrangement pattern of canals. However, the discontinuous and more or less irregular form
of canals distinguishes it from the latter.

Type species: Gigantosclera deformis gen. et sp. nov.

Gigantosclera deformis gen. et sp. nov.
(pl.1/3%pl.2/5,8)

Derivatio wominis: Deformis (la. = deformed) calls attention to the more or less irregular
forta of canals.

Diagnosis: Skeletons large, columnar in form. In longitudinal sections, canals somewhat
discontinuous, more or less laterally communicated, forming incomplete concentric pattern. In
transversal sections, canals appear as pores unevenly distributed, 0.15—0.37 mm across. The
common walls vary in thickness from as much as several times of the canal diameter to very
small or even disappearing.

Section: xb34—1-3 (holotype), xb34—1-2 (holotype, from the same specimen as xb34—1-3),
xb33—6—7, xb34—1-4 (holotype, from the same specimen as xb34—1-3), and xb30—7-7.

Description: Skeletons large, columnar, with a diameter ranging from 35 to 37 mm and a
height of over 50 mm.

Skeletons composed of small, more or less jrregular canals diverging from skeleton axis,
gradually curving outward, eventually perpendicular to skeleton surface. In longitudinal sec-
tions of skeletons, canals discontinuous, and more or less laterally communicated via perfora-
tion; pores in common walls concentrically arranged, making skeletons appear as incomplete
concentric belts. Each concentric belt 0.7—0.9 mm high. In transversal sections of skeletons, ca-
nals appear as circular pores 0.15—0.37 mm across, unevenly, generally in patches distributed.
The thickness of common walls shown in transversal sections commonly ranges 0.05-0.20 mm,
and varying from as thick as several times of canal diameter to very thin, or ¢ven completely
disappearing, with the adjacent canals merged inio commonly vermiform openings. The com-
mon walls not uniform in microstructure, trabecular and yellow in color in the peripheral zone
of common walls, but granular with trabecular traces and grey in color in the central zone.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middie Permian Maokou Stage.
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Genus Gracilitubulus gen. nov.

Derivatio nominis: Gracil (la. = fine) and tubulus {la. = small tubes) call attention to the
small size of tubes.

Diagnosis: Skeletons columnar, composed of fine tubes diverging from skeleton axis, grad.
vally curving upward and outward, and eventually perpendicular to skeleton surface. Tubes
subcircular in cross section. Common walls thin, perforated by small pores. Pores regularly ar-
ranged, making common walls dotted-line-like in longitudinal sections or the peripheral zone of
transversal sections of skeletons. Skeletons appear as close or open reticulum in the central zone
of transversal sections, with the meshes (i.e., the cross sections of tubes) subcircular to
subpolygonal in outline, and in some places, adjacent meshes severely communicated, making
skeletons meandroid in appearance. Common walls recrystallized, with some remains of
spherulitic microstructure. The openings of tubes make the surface of skeletons honey-combed.

Discussion: The genus is characterized by fine tubes, thin common walls and developed per-
foration.

Type species: Gracilitubulus perforatus gen. et sp. nov.

Gracilitubulus perforatus gen. et sp. nov.,
plL.1/5pl2/67,pl.5/5)

Derivatio sominis: Perforatus (la. = perforated) refers to the perforation of common walls.

Diagnosis: Skeletons medial to large, columnar. Tubes 0.05—0.12 mm across, evenly and
regularly perforated. Common walls dotted-line-like in longitudinal sections and the periphery
of transversal sections, but open reticulate in the central zone of transversal sections.

Section: xb28—4—7 (holotype), xb36~4—10, xb33—6—8 (paratype), xb30—5—14, xb28-4-4,
xb28-4—3 (paratype), xb27—8-2, and xb33-6~10.

Description: Skeletons medial to large in size, columnar in form, with a diameter of 10—15
mm. .
Skeletons composed of fine tubes diverging from skeleton axis, gradually curving outward,
eventually perpendicular te skeleton surface. The tubes range 0.05-0.12 mm in diameter,
vertically extending in the axial part of skeletons and horizontally in the peripheral part of them.
Common walls 0.62—0.07 mm thick, severely perforated by minute pores. The pores 0.04—0.05
mm across, arranged into longitudinal rows. The pores in a row 0.05—0.07 mm apart. In
longitudinal sections or the peripheral zone of transversal sections, skeletons appear as
subparallel or radiating dotted-lines. In the central zone of transversal sections, skeletons retic-
ulate, with the meshes open, subcircular to polygonal in outline. Where the meshes severely
communicated, skeletons tend to be meandroid to vermiform in appearance.

No epitheca; the openings of tubes make skeleton surface fine honey-combed.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Fungispongia gen. nov,
Derivatio nominis: Fung (la. = mushroom) calls attention to the growth form of the skele-
tons.
Diagmosis: Skeletons mushroomlike, composed of canals radiating upward from skeleton
bases. The canals small, uniform in size. Common walls not smooth, perforated by pores regu-
larly arranged. From the proximal end to the distal end of skeletons, short canals successively
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arranged, with the proximal ends of lately formed canals intercalating the distal ends of pre-
viously formed canals. Both ends of canals tend to taper. Skeletons recrystallized, in some places
with the remains of original spherulitic microstructure.

Epitheca present on the side surface of skeletons. The top surface of skeletons perforated by
the openings of canals, and often encrusted by lamellar organisms.

Discussion: This genus differs from Flabellisclera gen. nov. in the arrangement of canals. It
is distinguished from Conosclera gen. nov. via the irregular canals and perforation in the latter,

Type species: Fungispongia circularis gen. et sp. nov.

Fungispongia circularis gen. et sp. nov.
®.3/2,3,8)

Derivatio nominis: The species name calls attention to the circular outline of canals in cross
section.

Diagnosis: Skeletons large, mushroomlike. Canals circular in cross section, generally
0.25—0.62 mm across. Pores in common walls numerous, arranged into fongitudinal rows with a
small interval. Adjacent canals often communicated.

Section: xb33—1-14 (holotype), xb33—1-15 (holotype, from the same specimen),
xb33—1-13 (paratype), xb34—7-2 and xb33-2—4.

Description: Skeletons large, mushroomlike or reverse conical, with a width of 10—14 mm
and a height of more than 32 mm.

Skeletons composed of relatively thick, short canals successively radiating upward, with the
proximal ends of the canals lately produced intercalating the distal ends of the canals previously
formed. Canals uniform in diameter, commonly tapering toward both ends. In longitudinal sec-
tions of skeletons, canals variable in length, generally 3—7 mm, in some place over 10 mm. In
transversal sections, canals appear as circular pores 0.25-0.62 mm across, with adjacent pores
commonly communicated. Common walls not smooth, ranging 0.12—-0.25 mm thick, perforated
with subcircular pores arranged into regular longitudinal rows. The pores 0.15—0.30 mm across,
spaced (1.20—0.30 mm apart in rows. Skeletons recrystallized into granular calcites, with some
remains of original spherulitic microstructure in the form of scattered dark points.

Epitheca present only on the side surface of skeletons, with a thickness of 0,10—0.20 mum.
The top surface of skeletons honey-combed because of the openings of canals, and usually en-
crusied by lameilar organisms.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Order Chaetetida Okulitch, 1936
Family Chaetetidae Milne-Edwards & Haime, 1850
Genus Bauneia Peterhaus, 1927
Diagnosis: Skeletons columnar, hemispheric, or encrusting in form, composed of small tab-
ulated tubes. In columnar forms, tubes arise from the axis of skeletons, gradually curving out-
ward, eventually perpendicular to skeleton surface. In hemispheric forms, tubes radiate upward
from the base of skeletons. In encrusting forms, tubes normal to the substrate the sponges
attach to. Tubes generally increase distally in diameter. Tabulae generally straight, and thinner
than common walls. The common walls imperforated, trabecular in microstructure. New tubes
are produced by intramural budding. Furcating distal ends of common walls seen in
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longitudinal sections of skeletons, representing the early stage of tube production. No epitheca
on skeleton surface.

Discussion: Members of this penus are commonly described as “tabulozoans™ . However,
the latter is not a formal taxonomic name.

Because of the similarity in morphology, Preceratoporella Termier & Termier, 1977 may be
a junior synonym of the genus.

Type species: Monotrypa multitabulata Deninger, 1906

Age: Middle Permian to Late Jurassic.

Bauneia ampliata sp. nov.
(pl.1/2;pl.3/6;pl.6/8)

Derivatio nominis: Ampliatus (la. = enlarging) refers to the distally increasing diameter of
tubes.

Diagnosis: Skeletons generally columnar or occasionally encrusting, Tubes dramatically in-
creasing in diameter distally, generally 0.06—0.15 mm across at their proximal ends, and
0.12-0.25 mm wide at their distal ends.

Section: xb27-7-1 (holotype), xb33—1-R1-11 {paratype), xb33—1-R1-9 (paratype),
xb31~1-8, xb33—6—9, xb33—5-17, xb34—1—35, representatively.

Dimensions (mmj):
Section no. DPET DDET TPEW TDEW T
ab33—-1-R1~14 0.08-0.15 0.15-0.20 0.05-0.07 0.12 0.02
xb33—6—9 0.08—0.24 0.03-0.09 0.03
Ab33—1—17 0.10-0.30 . 0.04—0.06
xb33—1R1-7 0.12-0.18 0.05-0.10

xb33-1-R1-9 0.06-0.12 0.14-0.17 0.03-0.06 0.05-0.06

xb31-1-8 0.08—0.12 0.12-0.22 0.08-0.10 0.05-0.09 0.62

xb35—8—6 0.15-0.20 0.03~0.05

DPET: the diameter of the proximal ends of tubes; DDET: the diameter of the distal ends of the tubes;
TPEW: the thickness of common walls at the proximal ends of tubes; TDEW: the thickness of common walls
at the distal ends of tubes; TT: the thickness of tabulae.

Description: Skeletons medial to large, generally columnar in form, with a diameter of up to
30 mm.

Skeletons composed of tabulated small tubes, In ¢columnar forms, tubes begin from the axis
of skeletons, gradually curving upward and outward and eventually perpendicular to skeleton
surface, and opening into skeleton surface at a high angle (70—90°). In encrusting forms, tubes
always normal to the substrate the sponges encrust onto. The encrusting forms often bear
hill- like mamelons on their top surface. In mamelons, the tubes tend to be radially arranged.
Tubes subcircular to polygonal in cross section, generally pentagonal to hexagonal, ranging
0.06—0.15 mm in diameter at their proximal ends (in the central part of columnar forms or the
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lower part of encrusting forms), gradually increasing distally, up to 0.12—0.25 mm at their distal
ends (in the peripheral part of columnar forms or the upper part of encrusting forms). Common
walls imperforated, commonly 0.05-0.10 mm thick, ranging 0.05—0.20 mm. Tabulae straight,
0.02—0.03 mm thick, spaced at an interval generally larger than the diameter of tubes. In some
tubes or some part of tubes, the tabulae more densely spaced. The tabulae in adjacent tubes
commonly not arranged at the same levels, But in encrusting forms, the tabulae locally spaced at
the same levels. The common walls trabecizlar in microstructure. Borings by some other organ-
isms examined in some specimens. Interruption partings common in encrosting forms.

No epitheca on skeleton surface. Skeleton surface honey-combed, Skeletons sometimes not
recrystallized while the accompanied inozoans recrystallized. This shows that the skeletons of
this genus is originally composed of magnesium calcites.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage,

Bauneia epicharis sp. nov.
l.5/6;pl.6/6)
" Derivatio nominis: Epicharis (la. = beautiful) refers to the appearance of skeletons in sec-

tons.

Diagnosis: Skeletons generally encrusting. Tubes generzlly 0.25—0.45 mm across. Tabulae
sparse, straight. Cornmon walls straight.

Section: xb27—6—14 (holotype), xb36—4—16, xb27—2—6 (paratype) and xb27-6—15.

Description: Skeletons large, hemispheric, generally encrusting on small skeletal grains of
other organisms, with a thickness or height of up to 18 mm and a diameter of up to 35 mm,

Skeietons composed of tabulated small tubes radiating upward from the substrate the
sponges encrust on. Tubes polygonal to subcircular in cross section, ranging 0.25-0.45 mm in
diameter along their leagth, randomly partitioned by tabulae thinner than common walls, The
tabulae of adjacent tubes not arranged at the same levels. Common walis smooth, imperforated.
New tubes are produced by intramuratl budding.

Discussion: The larger and more constant diameter of the tubes serves to distinguish this
species from Bauneia ampliata sp. nov.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Parabauneia gen. nov.

Derivatio nominis: The generic name refers to the similarity of this genus and Bauneia in
gross form.

Diagnosis: Skeletons domical, successively stacked, attaching to the skeletons of other
sponges, composed of relatively thick tubes radiating upward from the substrate the sponges
encrust on and normal to. Tubes relatively short, with their diameter dramatically increasing
distally. Tabulae partitioning the tubes straight, thinner than common walls, Common walls
smooth, imperforated, trabecular in microstructure. New tubes produced by intramural bud- ~
ding. The openings of tubes make the surface of skeletons coarsely honey-combed.

Discussion: This genus differs from Bauneia Peterhans, 1927 in the thicker and shorter tubes
in the former.

The genus differs from Permosoma Jaekel, 1918 in the larger size and the laminated tube
walls of the latter.
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Type species: Parabauneia scalariformis gen. et sp. nov.

Parabauneia scalariformis gen. et sp. nov.
(pl.3/1;pl.6/2,5)

Derivatio nominis: The species name refers to the arrangement patiern of common walls
and tabulae in longitudinal sections of skeletons.

Diagnosis: Skeletons domelike, successively stacked. Tubes generally 0.37—1.5 mm in diam-
eter at their distal ends, Tabulae much thinner than common walls, spaced at an interval similar
to the diameter of tubes. In longitudinal sections, tabulae and common walls form scalariform
configurations.

Section: xb35—8—6 (holotype), xb37-2-18 (paratype) xb27—6—9, xb31-1-7, and
xb27—6—3.

Description: Skeletons domical, successively stacked, encrusting on the skeletons of other
sponges, with each dome 1—4 mm high and about 14 mm wide.

Skeletons composed of relatively short and thick tubes radiating upward from the
substrates the sponges encrust onto. Tubes polygonal in cross section, partitioned by straight
and complete tabulae spaced at intervals varying from 0.5 mm to (.75 mm. The diameter of
tubes apparently increasing distally, up to 0.37—1.5 mm at the distal end. Tabulae 0.03—0.08 mm
thick. The tabulae of adyacent tubes not arranged at the same levels, Common walls imperforat-
ed, ranging 0.08—0.32 mm in thickness. In vertical sections of skeletons, tabulae and common
walls form scalariform configurations, with the upmost tabulae and common walls U-shaped.
The openings of tubes commonly covered by plates 0.25 mm thick. Common walls trabecular in
microstructure. New tubes produced by intramural budding.

No epitheca on skeleton surface. The surface of skeletons honey-combed because of open-
ings of tubes,

Dimension (mm):

Section no. DDET ™ TT TP
xb27-6—9 0.62-0.75 0.200.32 0.075 0.25
xb31-1-7 0.37-0.67 0.075 0.03

xb31-2—4 0.40-0.62 0.10

xb33-7—4 0.45-0.65 0.08-0.12

xb27-6-3 0.45-0.50 0.08-0.17 0.08

xb35-8-6 0.50-1.00
xb37-2-18 0.50-1.50

DDET: the inner diameter of the distal ends of tubes; TW: the thickness of common walls; TT: the thick-
ness of tabulae; TP: the thickness of the covering plate.
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Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Mirispongia gen. nov.

Derivatio nominis: Miti (1a. = odd) refers to the gross form of skeletons.

Diagnosis; Skeletons mushroomlike, composed of slightly irregular canals diverging up-
ward from the base of skeletons. Canals sparsely partitioned by incomplete tabulae. Tabulae
irregular in form and arrangement. Adjacent canals communicated by pores scattered in com-
mon walls. Common walls spherulitic in microstructure. Epitheca absent from the top surface of
skeletons, but present on the side surface.

Discussion: This genus resembles Fungispongia gen. nov. in gross form. However, the more
or less irregular canals, and especially the presence of the incomplete tabulae distinguish it from
the latter.

Type species: Mirispongia clathrata gen. et sp. nov.

Mirispongia clathrata gen. et sp. nov.
(pl.4/2,6,7)

Derivatio nominis: Clathratus (la. = checked) refers to the skeletal arrangement pattern in
longitudinal sections.

Diagnosis: Skeletons large, mushroomlike. Canals subcircular in cross section, generally
0.250.75 mm in diameter. Common walls not straight, sparsely perforated. Tabulae sparse.
Epitheca present on the side surface.

Section: xb33—5—4 (holotype), xb33—5-3, and xb35-7-2.

Description: Skeletons large, mushroomlike. The holotype 25 mm high, at least 40 mm
wide.

Skeletons composed of canals more or less irregular in form. The canals subcircular in cross
section, not uniform in diameter, ranging 0.12—1.00 mm across, generally 0.25-0.75 mm in di-
ameter, sparsely partitioned by incomplete tabulae. Common walls not straight, not uniform in
thickness, commonly 0.05—0.25 mm thick, randomly perforated by pores, thus discontinuous in
longitudinal sections of skeletons. In transversal sections, skeletons reticulate, with the meshes
(representing the cross sections of tubes) subcircular in outline. Adjacent canals commonly
communicated with each other because of the perforation. Common walls recrystallized into
granular calcite, with some remains of spherulitic microstructure.

Epitheca present only on the side surface of skeletons. The top surface of skeletons encrust-
ed by lamellar organisms.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Order Ceratoporellida Hartman & Goreau, 1972
Family Ceratoporellidae Hickson, 1911
Genus Reticulocoelia Cuif, 1973

Diagnosis: Skeletons commonly ramose, composed of small tubes diverging outward from
the axis of skeletons. The proximal ends of tubes are filled with calcifillings, while the distal ends
of tubes remain empty. Common walls spherulitic in microstructure.

Discussion: The original author regarded this genus as a sphinctozoa according to the
spherulitic microstructure of common walls. Then, Fois et al (1980) moved it into Inozoa. In my
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opinion, however, it is more reasonable to assign it to Class Sclerospongiae according to its
skeletal construction.
Type species: Reticulocoelia arborescens Cuif, 1973

Reticulocoelia sp.
(PL3/4,5plL6/3)

Section; xb28—4—7, xb30—8—14, and xb28—1-1.

Description: Skeletons smalfl, circular in cross section and elliptical in oblique sections, with
a diameter of 1.5 mm.

Skeletons composed of fine tubes diverging outward from the axis of skeletons, gradually
curving outward, eventually perpendicular to skeleton surface. In the inner part of skeletons,
tubes filled with calcifillings. In the surface of skeletons, the distal ends of tubes remain empty,
U-shaped in sections, with a diameter of 0.04—0.12 mm, generally 0.08—0.10 mm across. Com-
mon walls inconstant in thickness, generally 0.03~0.04 mm thick at their distal ends, Common
walls recrystallized into light-colored calcites in the inner part of skeletons, but spherulitic in
microstructure in the peripheral part. The spherulites minute in size.

No epitheca; the surface of skeletons honey-combed.

Laocality and horizon: Reef of Xiangho, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Keriocoelia Cuif, 1974

Diagnesis: Skeletons reverse conical, composed of relatively thick tubes radiating upward
from the base of skeletons. The proximal ends of tubes are filled with calcifillings, while the
distal ends remain empty. Common walls are ornamented with lamellar or muttibranching
processes, and perforated by large pores. The microstructure of common walls spherulitic,
Styliform spicules probably present in skeletons.

Type species: Keriocoelia conica Cuif, 1974

Age: Middle Permian to Late Triassic,

Keriocoelia f, conica Cuif, 1974
(pl.4/5)

Section: xb33—8—2.

Description: Skeletons reverse conical, with a height of over 20 mm and a diameter of 22
mrn. )

Skeletons composed of thick tubes radiating upward from the base of skeletons. Tubes
subpolygonal to subcircular in cross section, ranging 0.5—2,0 mm in diameter. The distal ends of
tubes empty, communicated with each other through pores. Common walls provided with
multibranching spines. _

No epitheca; the surface of skeletons roughly honey-combed.

Discussion: The specimen resembles those illustrated by Cuif (1974). But the present one
has a larger tube diameter. Because of the inadequate section, little is known about the
calcifillings filling the proximai part of the skeleton. Thus, its assignment to Keriocoelia conica
Cuif, 1974 is uncertain. '

Locality snd horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.
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Subclass Retinispongia
Order Astrosclerida ord. nov.
Family Astroscleridae Lister, 1900
Geaus Dendrosclera gen. nov.

Derivatio nominis: Dendr (gr. = tree) refers to the dendroid form of the internal astrorhiza
in skeletons.

Diagnosis: Skeletons reverse conical, composed of fibres arranged into irregular lattice. One
dendroid astrorhiza present within each skeleton. Astrorhizal canals irregularly furcate and re-
duce in diameter downward, with their branches gradually curving outward. Both the fibres and
interfibre spaces irregular in form and arrangement, Skeletons recrystailized into granular
calcites. No epitheca; the surface of skeletons is densely pitted. The pits small and deep.

Type species: Dendrosclera irregularis gen. et sp. nov.

Dendrosclera irregularis gen. et sp, nov.,
L3/ 7plLd/1,3;pL.5/7;pl.6/1)

Derivatio nominis: The species name refers to the irregular arrangement of the fibres and the
interfibre spaces in skeletons.

Diagnosis: Skeletons reverse conical. Fibres densely and irregularly arranged, generally
0.25—0.30 mm thick. Interspaces commonly 0.05—0.50 mm wide. Astrorhizal canals generally
(.5~1.25 mm in diameter.

Section: xb30—8—8 (holotype), xb30—8-9a (paratype), xb36—4—16 (paratype), xb30—8—9b
(paratype), xb30—8-7, xb30—9-9.

Nescription: Skeletons reverse conical, up to 15—20 mm in diameter.

Skeletons composed of fibres arranged into irregular lattice. Both fibres and interfibre
spaces variable in form and thickness. Fibres generally 0.25—0.30 mm thick. Interfibre spaces or
the meshes of the fibre lattice commonly 0.05-0.50 mm wide.

One dendroid astrorhiza present within each skeleton. The astrorhiza consists of several
astrorhizal tubes vertically extending and apart from each other at their upper part, irregularly
furcating and rapidly reducing in diameter downward, meanwhile, the branches gradually curv-
ing outward. The astrorhizal canals generally 0.5—1.25 mm in diameter, having a maximal di-
ameter of 1.25 mm at their uppermost ends.

No epitheca; the surface of skeletons densely provided with deep pits. The pits polygonal in
outline, 0.13 mm wide and up to 0.50 mm deep, 0.075 mm apart. Skeletons recrystallized into
granular calcites. The original microstructure unknown.

Lecality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Gemns Pgrastrosclera gen. nov.

Derivatio nominis: The generic name refers to the similarity of this genus to Astresclera
Lister, 1900 in the gross morphotogy of astrorhiza and in skeletal construction.

Diagnosis: Skeletons columnar or globular, composed of fibres arranged into lattice. One to
several internal astrorhizae present within each skeleton. Astrorhiza, as in Astrosclera, consists
of vertical tubes parallel to each other and regularly arranged, with their cross sections forming
radial configuration in transversal or tangential sections of a skeleton. Skeleton surface without
epitheca. '
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Discussion: In sections, the gross morphology of the astrorhiza of this genus resembles that
of Sestrostomelia Zittel, 1879 (an inozoa). The difference between them is that the astrorhizal
canals of the latter are confined to the axial part of the skeleton, close to each other, forming
sieve-like rather than radial configuration in transversal sections.

According to the figures, Precorynella cf. erysantheum (Parona) Termier & Termier, 1977
probabiy belong to this genus.

Type species: Parastrosclera singularis gen. et sp. nov.

Age: Middle Permian to Late Permian.

Parasirosclera singularis gen. et sp. nov.
(pl.5/2,3)

Derivatio nominis: The species name refers to the single astrorhiza in skeletons.

Diagnosis: Skeletons columnar in form. Within each skeleton present only one astrorhiza.
The astrorhizal tubes 0.25—0.40 mm in diameter. Fibres 0.04—0.05 mm thick. The meshes of
fibre lattice 0.05—0.08 mm wide. No epitheca.

Section: xb27—6—1 (holotype), xb27—6—2 (paratype), and xb30~8—1.

Description: Skeletons columnar, ranging 10~16 mm in diameter.

Skeletons composed of fine fibres arranged into fine lattice. The fibres 0.04—0.05 mm in
thickness. The meshes of the fibre lattice 0.05—0.08 mm wide.

Each skeleton has only one internal astrorhiza. The astrorhiza consists of vertical tubes
parallel to each other. The cross sectioas of the tubes arranged into a stellate configuration in
the transversal sections of the skeleton. The configuration consists of 15—20 lines radiating out-
ward from the center, with each line consisting of a row of circular pores (i.e., the cross sections
of the vertical tubes) 0.25—0.40 mm across. The configuration extends to the periphery of the
skeleton.

No epitheca on the surface of skeletons.

Locality and horizon; Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Parastrosclera polystellaris gen. et sp. nov.
®l. 5/ 4,8)

Derivatio sominis: Poly (gr. = many) and stellaris (la. = stellar) refers to more than one
stellar configurations of astrorhizae in the transversal or tangential sections of skeletons.

Diaguosis: Skeletons large, globular. Each skeleton with several astrorhizae forming several
stellate configurations in the transversal sections or tangential sections of the skeleton.
Astrorhizal tubes generally 0.25—0.50 mm in diameter. Fibres 0.04—0.05 mm thick. The meshes
of fibre lattice 0.08—0.10 mm wide.

Section: xb33—5-5 (holotype), xb31~2-2 (paratype), and xb31—1-2.

Description: Skeletons relatively large, globular in form, ellipticat in sections, 19~20 mm
long and 13 mm wide.

Skeletons composed of fine fibres arranged into fine and dense lattice. The fibres 0.04—0.05
mm thick. The meshes of the fibre lattice polygonal to subcircular in outline, 0.08—0.10 mm
wide.

Each skeleton has several internal astrorhizae. The astrorhizae consist of vertical tubes par-
allel to each other and regularly arranged. They appear as several stellate configurations inter-
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fering with each other in transversal or tangential sections of skeletons, Each of the stellate con-
figurations consists of 10—15 lines radiating from the center. Each of the lines generally 2—5 mm
long, consisting of a row of circular pores (representing the cross sections of the vertical tubes)
0.25-0.50 mm across, with 7-8 pores along 3 mm. The distance between the centers of adjacent
stellate configurations generally 4—5 mm.

Dimession (mm);

Section no. ss [pcl NL LL . DP WM TF

xb31-1-2 13x20 | 5 12-15 5 0.25-0.50 | 0.08—0.10 0.05

xb33—5-5 1319 { 4 10-13 | 2-2.5 | 0.40-0.50 | 0.08-0.10 0.04-0.05

$8: the size of skeletons; DC: the distance between adjacent configurations; NL: the pumber of Lines; LL: the
length of lines; DP: the dismeter of pores in lines; WM: the width of meshes; TF: the thickness of fibres,

Locality and horizon: Reef of Xiangbo, Longlin, Guangzi; Middle Permian Mackou Stage,

Genus Spumisclera gen. nov.

Derivatio nominis: Spum (la. = cystose) refers to the irregular form of fibres.

Diagnosis: Skeletons reverse conical, composed of cystose parafibres irregularly and
unevenly arranged. No astrorhiza on or in skeletons. The microstructure of skeletons
spherutitic. Epitheca thick, covering only the side surface of skeletons.

Type species: Spumiscizra discreta gen. el sp. nov.

Spumisclera discreta gen. et sp. nov.,
pl4/4,pl.6/7)

Derivatic nominis: Discreia {(la. = discontinuous) refers to the vertical discontinuity of
parafibres in vertical sections of skeletons.

Diagnosis: Skeletons reverse conical. The cystose parafibres vertically discontinuous in
longitudinal sections. Epitheca thick, covering the side surface of skeletons.

Section: xb27-6—10 (holotype) and xb27-6—11 (holotype, from the same specimen as
xb27-6-10). '

Description: Skeletons reverse conical, with the side surface gibbous outward, up to 20 mm
in diameter and over 30 mm in height.

Skeletons composed of cystose parafibres irregularly arranged. The parafibres vertically
discontinuous and forming several concave-up layers in the longitudinal sections of skeletons.
The microstructure of skeletons spherulitic, with a single spherule up to 0.37 mm in diameter.

Discussion: The vertical discontinuity of parafibres probably reflects the periodic reduction
of secretion of calcareous materials by soft tissue.

Locality and horizos: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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4 Inozoans

Inozoans are a suborder of Pharetronida. They are also important reef-builders in Permian
reefs. Thus the study of these organisms is of great significance to the study of Permian reefs. It
is puzzling that spicules can only be preserved in post-Triassic inozoans rather than in Triassic
and Paleozoic ones. Up to date, no convincing spicule evidence has been found in Triassic
and Paleozoic inozoans. Because of the absence of spicule evidence the study of Triassic and
Paleozoic inozoans appears more difficult than that of post-Triassic cnes. Up to the present, on-
ly 7-8 Permian reefal inozoans have been described. The previous classifications of inozoans
were mainly based on spicules and growth form. Thus, they are not applicable to Triassic and
Paleozoic inozoans without spicule evidence.

I. Research History

Fossil inozoans were early described by Goldfuss (1831), Munster (1847), Klipstein (1843),
d’Orbigny (1849), and others. The work by Zittel (1879), Hinde (1883, 1893) and Steinmann
(1883) laid the foundation for the study of this group of organisms. Contributions to the study
of inozoans are lately made by Vinassa de Regny (1901, 1908, 1917), Parona (1933), Dieci et al
{1970, 1974), Hurcewicz (1972, 1975), Kovacs (1978), Muller {1978, 1984), Russo (1981), Ter-
mier et al (1955, 1977), Bizzarini and Russo (1986), and others. The classification of inozoans
has been dealt with by Laubenfels (1955), Wagner (1964), Ziegler (1964, 1965), Dieci et al
(1968), Hurcewicz (1975), Russo (1981), Bizzarini and Russo (1986), and others. It should be
noted that the idea of classifying inozoans according to canal system suggested by Dieci et al
(1968) is of importance to the development of classification of fossil inozoans without spicule ev-
idence. The skeletal microsiructure of inozoans has been studied by Dieci et al (1974) and
Wendt (1979).

I1. Characters

Fossil inozoans are characterized by calcareous spicules, calcareous skeletons composed of
skeletal fibres, and a canal system. The spicules in inozoans can be triactine, tetractine and
monoactine megascleres, or microscleres. It is known that the calcareous spicules are first se-
creted by the scleroblasts in the mesogloea of living inozoans. Then, the spicules are cemented
into skeletal fibres by calcareous materiais secreted after spicules. The arrangement of spicules
in fibres is variable in different genera or even different species. It is mystic that spicules can on-
ly be preserved in post- Triassic inozoans generally, Fortunately, the trace of triactine has been
found in the present study (Fig. 7). This seems to be the first report of spicule evidence from
Permian inozoans. The fibres can be continuous or discontinuous, generally arranged into
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irregular or regular three-dimensional lattice. The fibres can be spherulitic, trabecular, lamellar,
or micritic in microstructure (Dieci et al, 1974; Wendt, 1979).

Fig. 7 Trace of triactines and holes (probably left by
spicules) in Acoelia ruida gen. et sp. nov.

The canal systems are the pathways of water systems (that is, the system of the canalways
for water circulation) of inczoans left in skeletons after the decay of the soft tissue. It is appar-
ent that water circulation is vital to inozoans. In inozoans a variety of water systems have been
developed. Of them, the simplest type consists of ostia (or interfibre spaces), flagellate chambers
and oscula (or interfibre spaces), while the most developed type consists of ostia, incurrent ca-
nals (epirrhyses commonly), flagellate chambers, aporrhyses, apopores, cloaca and the osculum.
In the former case, the water currents flow in through the ostia, then to the flagellate chambers,
and then out through the oscula. In the latier case, the water currents run in through the ostia
and incurrent canals, to the flagellate chambers, and out through the aporrhyses, apopores,
cloaca and finally the osculum. _

Up to the present, at jeast 9 types of water systems have been recognized in fossil inozoans.
They are as follows.

(1)} Acoelia-type (Fig. 8)

Pathway: ostia (or interfibre spaces) — flagellate chambers — oscula (or interfibre spaces).
(Note: the arrows indicate the direction of water currents) -

Representative: Acoelia gen. nov.

{ Fig. 8 Acoelia-type water system. Thick dotted line =
! excurrent surface, in which choanocytes may be pres-
,)." ‘7'-4 ¢nt; thin dotted line = incurrent surface. Space enve-
‘,. / loped by the two kinds of lines includes fibres. Arrows
'-'{‘: give the direction of currents. ost: ostia; 0sa: oscula.
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(2} Peronidelta-type (Fig. 9
Pathway: ostia (or interfibre spaces) — flagellate chambers —= spongocoel — osculum
Representative: Peronidella Hinde, 1893

osm

;‘/ 1 l {" \‘-. edp Fig. 9 Peronidella-type water system.
l : { """ Thick dotted linc = inner wall, in which
gc "'f '/{ ‘:u“\' ":r""" ost choanocytes may be present; thin dotted
N .J\ ,‘{"’,/"ﬁ line = surface of sponge. Space enve-
' \ ;' H loped by the two kinds of lines includes
\ '/'\ '?\r ," fibres. Arrows give the directions of cur-
X: * ;x' rents. ost: ostium; edp: endopore; gc:

\‘\\ L7 spongocoel; osm: osculuzn.

(3) Sestrostomella-type (Fig. 10}

Pathway: ostia (or interfibre spaces) —~ flagellate chambers - mulitispongocoel —
multiosculum

Representative: Sestrostomelia Zittel, 1878

Fig. 10 Sestrostomella-type water sys-
tem. Thick dotted line = inner wall, in
which choanocytes may be present; thin
dotted line = surface of sponge. Space
enveloped by the two kinds of lines in.
cludes fibres. Arrows indicate the direc.
tions of currents. ost: ostium; edp:
endopore; mge: multispongocoel; mos:
multiosculum.
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(@) Polysiphonelia-type (Fig. 11)

Pathway: ostia (or interfibre spaces) - flagellate chambers — excurrent tubes (or canals
when irregular in form} — oscula

Representative: Polysiphonella Russo, 1981 or Vermispongia gen. nov.

(5) Paracorynella-type (Fig, 12)

Pathway: ostia (or interfibre spaces) — flagellate chambers — aporrhyses — multicloaca —
multiosculum

Representative: Paracorynella gen. nov.
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Fig. 11 Polysiphonella-type water sys-
tem. Thick dotted line = inner wall, in
which choanocytes may be present; thin
dotted line = surface of sponge. Space
enveloped by the two kinds of lines in-
cludes fibres. Arrows give the directions
of currents. ost: ostium; edp: endopore;
ext: excurrent tubes; osa: oscula.

nos

Fig. 12 Paracorynella-type water system.
Thick dotted line = inner wall; thin dot-
ted line = surface of sponge. Flageliate

apo

o |
3

. 'H
chambers may be in between aporrhyses. Eg' '.E
Space enveloped by the two kinds of i EE
lines includes fibres. Arrows give the di- \ g .

. . — it b
rections of currents. ost: ostium; edp: S :} H ; ost
endopore; apo:  aporrhyses; mel: 5 :'u' g

- - \),‘. ‘( v l"
multicioaca; mos: muftiosculum. h

......

(6) Stellispongiella-type (Fig. 13}

Pathway: ostia (or interfibre spaces) — flagellate chambers — aporrhyses — osculum (in
marmelons or in cloaca depressions)

(Note: the cloaca / multicloaca shallowed and absent)
Representative: Siellispongiella gen. nov.

-4

o
., “'
—a ,-,‘:\Q.

Fig. 13 Stcilispongiella-type water sys
edp tem. Thick dotted line = inner wall; thin
dotted line = surface of sponge.
Flagellate chambers are in between
‘aporrhyses. Space enveloped by the two

ape

pl Y

{}f‘
i

s % kinds of lines includes fibres. Arrows give
% - :
. i:‘"':’.'f’.. the directions of currents. ost: ostium;
: ¥

edp: endopore; apo: aporrhyses; osa:
osculs; mam; mamelon.
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{7) Corynella-type (Fig. 14)

Pathway: ostia (or interfibre spaces) — epirrhyses — flagellate chambers — aporrhyses —
cloaca — osculum

Representative: Corynella Zittel, 1878

Fig. 14 Corynella-type water system.
Thick dotted line = inner wall; thin dot-
ted line = surface of sponge. Space enve-
loped by the two kinds of lines includes
fibres and flageilate chambers. Arrows

clo

give the directions of currents, ost

ostium; epi: epirrhyses; edp: endopore;
apo: aporrhyses; -clo: cloaca; osm:
osculum.

(8) Precorynella-type (Fig. 15)
Pathway: ostia (or interfibre spaces) — epirrhyses — flageliate chambers — aporrhyses -
multicloaca — multiosculum

Represeatative: Precorynella Dieci et al, 1968
s

' Fig. 15 Precorynella-type water system.
Thick dotted line = innet wall; thin dot-
ted line = surface of sponge. Space enve-

loped by the two kinds of lines includes
fibres and flagellate chambers, Arrows
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multiosculum.

(9) Stellispongia-type (Fig. 16)

Pathway: ostia (or interfibre spaces) - epirrhyses — flagellate chambers — aporrhyses —
multiosculum (in cloaca depressions})
(Note: the cloaca / multicloaca shallowed and absent)

Representative: Stellispongia d’Orbigny, 1849

When a sponge becomes dead, its living tissue decays; its fibres and the pathways of its
water system, that is, the canal system, are left. The ostia, the canals, and the oscula can all be
preserved in fossils. However, it is uncertain whether the flagellate chambers can also be pre-
served in fossils. It is clear that the canal system can always be preserved in fossil inozoans,
whether in post-Triassic ones or in Triassic and Paleozoic ones. Thus it should be valuable in the
classification of inozoans. The terminology of inozoans related to canal systems is illustrated in
Figs. 816,
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Fig. 16 Stellispongia-type water system.
Thick dotted line = inner wall; thin dot-
ted line = surface of sponge. Space enve-
loped by the two kinds of lines includes
fibres and flagellate chambers. Arrows
give the directions of currents. ost:
ostium; epi: epirrhyses; edp: endopore;
apo: aporrhyses; mos: multiosculum; cde:
cloaca depression.

As seen in above figures, the canal system of inozoans typically includes two parts: an
excurrent system and an incurrent system. The incurrent system consists of the canals for
flowing-in water currents; the excurrent system consists of the canals for flowing-out water cur-
rents. The two systems are separated by the flagellate chambers. The excurrent system can be
four types: (1) being only a spongocoel or multispongocoel, (2) consisting of the cloaca or
multicloaca and lateral aporrhyses, (3) consisting of only aporrhyses, with the cloaca /
multicloaca shallowed and absent, and (4) consisting of many scattered excurrent tubes / ca-
nals not differentiated. The incurrent system generally consists of only epirrhyses.

The skeleton surface of inozoans is pierced with a variety of openings. The openings for
flowing- in water currents are known as ostia; the opening of spongocoel or cloaca is called
osculum; the opening of multispongocoel (that is, the spongocoel consisting of more than one
tube) or multicloaca is cribriform and is called multiosculum. The openings or pores in the wall
of canals are called endopores. The openings of aporrhyses in the wall of cloaca or multicloaca
are called apopores. In some inozoans, the osculum can be present in a depression which is
known as cloaca depression. In some inozoans, there are furrows radiating from the osculum,
These furrows are called stellar grooves. Stellar grooves can be on a mamelon as in
Stellispongiella gen. nov. The surface of skeletons can be with or without epitheca.

Inozoans can be conical, columnar, subspherical, ramose, or phacelloid in growth form
(Fig. 17). It is found that the growth form of Recent sponges is determined by their environ-
ments (Alexander, 1979). This must be true of ancient inozoans.

The terminology of inozoans used herein is illustrated in Fig. 18 and Fig. 19A—B.

A.narrow conical B.broad conical C.columnar D.phacelloid E.sphericatl

Fig. 17 Common growth forms of inozoans.
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Fig. 18 A generalized sponge illustrating the
terms used in systernatic description. Its lower
part is vertically sectioned. Fibres continuous at
the right bottom. WSW: width of the skeleton
wall; WAR: width of the axial region. Fibres are
enlarged.

(b)

(a)
Fig. 19 (a): sections in conical or columnar sponges; (b): sections in subspheric sponges. In (a): C = cross

section = Tra = H; Tra = transversal section; H = horizontal section; A = axial sectjon; L=
longitudinal section = V = Tan; V = vertical section; Tan = tangential section; O = oblique section. In
{b): ¥V = Tan; H = Tan; A, V, H, Tan arc the same as in (a).

II1. Classification

Many authors have deait with the classification of inozoans. And many classification
schemes of inozoans have been proposed based on different criterions. Some of these schemes
are mainly based on spicules (e.g., Hurcewicz, 1975). These schemes are applicable to post-
Triassic inozoans rather than to Triassic and Paleozoic ones because spicules can be preserved in
post-Triassic inozoans rather than in Triassic and Paleozoic ones. Some other schemes classify
inozoans according to their growth forms (e.g., Laubenfels, 1955). These classifications are
somewhat unreliable because the growth form of sponges, as found in Recent ones, is mainly
controlled by their living environments (Alexander, 1979; Clarkson, 1986). The third type of
scheme is that first proposed by Dieci et al (1968) and followed by Russo (1981) and Bizzarini
and Russo (1986). This is an informal classification based on the canal system.

As mentioned above, the water circulation of inozoans is mainly controlied by the features
of fibres and the canal system, especially by the latier. Thus the fibres and the canal system are
valuable criterions in the classification of inozoans. In addition, fibres and the canal system can
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always be preserved in fossil inozoans, whether in post-Triassic ones or in Triassic and Paleozoic
ones. Therefore, it is reasonable to use the fibres and the canal system as the chief criterions in
the classification of inozoans, especially of Triassic and Paleozoic ones. This classification is es-
sentially the development of Dieci et al’s idea. According to the patterns of canal systems, a new
classification for inozoans is proposed as follows.

Order Pharetronida Zittel, 1878
Suborder Inozoa Steinmann, 1882
Superfamily Acoelioidea

Definition: Inozoans with Acoelia-type water systern. Both incurrent system and excurrent
system are absent. Water circulation is conducted through interfibre spaces. Only one family is
included.

Family Acoeliidae fam. nov.
Definition: As for the superfamily.
Type genus: 4coelig gen. nov,

Superfamily Homocoelioidea

Definition: Inozoans with only excurrent system. The incurrent system are absent. Four
families are included.

Family Peronidellidae fam. nov.

Definition: Members of the superfamily in which the excurrent system consist of only
a spongocoel or a multispongocoel in the axial region of sponges. The water system is
Peronidella-type or Sestrostomella-type.

Type genus: Peronidella Hinde, 1893

Family Paracorynellidae fam. nov.

Definition: Members of the superfamily in which the excurrent system consists of two parts:
the cloaca or multicloaca in the axial region of sponges and the aporrhyses laterally and radially
arranged in the surrounding region. The water system is Paracorynella-type.

Type genus: Paracorynella gen. nov.

Family Stellispongiellidae fam. nov.

Definition: Members of the superfamily in which the excurrent system consists of
aporrhyses converging to an osculum. The water system is Stellispongiella-type.

Type genus: Stellispongiella gen, nov,

Family Polysiphonellidae fam. nov.

Definition: Members of the superfamily in which the excurrent system consists of tubes or
canals scattered in a whole sponge and opening into the surface of the sponge. The water system
is Polysiphonella-type.

Type genus: Polysiphonella Russo, 1981

Superfamily Heterocoelioidea

Definition: Inozoans with a canal system consisting of both excurrent system and incurrent
system. Two families are included.

Family Corynellidae fam. nov.

Definition: Members of the superfamily in which the excurrent system consists of two parts:
the cloaca or multicloaca in the axial region of sponges and the aporrhyses laterally and radially
arranged in the surrounding region. The water system is Corynella-type or Precorynelia-type.
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Type genus: Corynella Zittel, 1878 or Precorynella Dieci et al, 1968
Family Stellispongiidae Laubenfels, 1955

Definition (revised): Members of the superfamily in which the excurrent system consists of
aporrhyses converging and opening into a cloaca depression. The water system is Stellispongia-
type.

Type genus: Stellispongia ¢’Orbigny, 1849

On the generic level, inozoans are distinguished according to the features of the canal sys-
tem. On the species level, they are identified according to; (1) the fibres (their continuity, density
and arrangement), (2) the cortex (present oy absent), (3) the inner walls (the wall of canals), (4)
the endopores in inner walls, and (5) the microstructure of fibres.

IV, Paleoecology and Paleogeography

Recent inozoans occur in normal sea, at a depth of 0—392 m, contributing little to reef for-
mation. But in Permian reefs, inozoans are important frame-builders, accessory to sclerosponges
or of equal importance as sclerosponges in reef formation. In the reef of Xiangbo, inozoans are
main frame- builders, accessory to sclerosponges and account for 22.8—30.3% of the main reef-
builders in area. In the Middle and Upper Permian reefs of Ziyun, Guizhou, southern China,
inozoans can be primary frame-builders in typical framed facies, with sphinctozoans and others

- accessory. In the Middle Permian reefs of Tunisia, inozoans are also important reef formers
{Termier et al, 1977). In Permian reefs, inozoans are generally accompanied by caicareous algae.
Thus, it is deduced that ancient inozoans occur in warm, shallow-water environments, especially
in reef environments. Thus it is believed that the inozoans, like sclerosponges, have changed in
their living habits and their ecological role in reef formation in post-Permian time. They have
moved from warm, shallow.water open environments in ancient sea to deeper or cryptic envi-
ronments in Recent sea.

Fossil inozoans have been reported from Germany (Muller, 1984), France and Great
Britain {Goldfuss, 1826; Zittel, 1878; Hinde, 1893), Poland (Hurcewicz, 1975), northern
Hungary (Kovacs, 1978; Flugel, 1973), northern Italy (Steinmann, 1882; Parona, 1933; Dieci et
al, 1968; Russo, 1981}, Yugoslavia (Flugel, 1984), southern Tunisia (Termier et al, 1955, 1975,
1977), Timor (Regny, 1915), southern China (Rigby et al, 1990} and southern USA (Girty,
1908), of an age from Permian to Jurassic. It is remarkable that all of them occur in the regions
of lower latitudes. These regions should be in the tropics or subtropics of Middle Permian, along
the Tethys sea.

V. Systematic Description

Order Pharetronida Zittel, 1378
Suborder Inozoa Steinmann, 1882
Saperfamily Acoelioidea
Family Acoeliidae fam. nov.
Genus Acoelia gen. nov.
Derivatio nominis: A (gr. = without) and coel {or. = cavity) refer to the absence of the ca-
nal system.
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Diagnosis: Skeletons reverse conical, composed of fibres arranged into lattice, lacking any
kind of canal system. Trace of triactines can be preserved in fibres. The spicule cements in fibres
are spherulitic in microstructure. Cortex absent.

Discussion: This genus resembles the sclerosponge Hartmaninag Dieci et al, 1974 in gross
form. However, the presence of fibres and the trace of triactines are indicative of its inozoan af-
finity.

Type species: Acoelia ruida gen. et sp. nov.

Acoelia ruida gen. ¢t sp. nov.
(PL8/7

Derivatio momisis: Ruida (lat. = thick) refers to the thick fibres,

Diagnosis: Skeletons conical. Fibres thick; interfibre spaces circular in longitudinal sections
of skeletons. The trace of triactines preserved in the fibres. Cortex absent.

Section: xb27—6—2 (holotype) and xb27—6—3 (holotype, from the same specimen}).

Description: Skeletons moderately large, conical, curved and narrow, with a diameter of 12
mm and a height of over 25 mm, The side surface somewhat flat.

Skeletons lack canal system. Fibres somewhat discontinuous, especially in the axial region
of skeletons where fibres commonly pointlike. The thickness of fibres more or less uniform, gen-
erally 0.2-0.3 mm. Interfibre spaces circular in the longitudinal sections of skeletons,
intercommunicated, 0.25—0.50 mm wide. The trace of triactines seen in some fibres, with single
ray 0.200.25 mm long and 0.05 mm wide. In fibres, spicule cements spherulitic in
microstructure. In some places, holes 0.25 mm long and 0.10 mm wide seen in fibres. The long
axis of the holes parallel to the axis of fibres. These holes are probably formed by the erosion of
original spicules. _

No cortex; the fibres and the interfibre spaces naked on skeleton surface.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Blastinia Zittel, 1878
Diagnosis: Skeletons single or compound, spheric, hemispheric or irregular in form; some-
times stalked. Fibres arranged into lattice. Canal system absent. The lower part of the side sur-
face of skeletons can be covered with cortex. On the top surface of skeletons present a system of
stellar grooves radiating from the center of top surface,
Type species: Blastinia costata (Munster) = Achilleum costatum
Age: Permian to Jurassic.

Blastinia sp.
®.9/13)

Section: xb30—8—17.

Description: The specimen obliquely sectioned, having a diameter of at least 23 mm. At
least two furrows are sectioned. The ridges between the furrows 2.60 mm wide. Fibres arranged
into irregular lattice,

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Elasmostoma Fromentel, 1860, emend. nov.
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Diagnosis: Skeletons ear-like or cup-like, probably with a cortex on one surface. The cortex
can be pierced with ostia. The other surface of skeletons without cortex. Skeletons lack canal
system. Fibres arranged into lattice.

Discussion: The present author believes that the cortex is of value only in the identification
at species level, Therefore, the definition of this genus is emended to include all those which are
ear-like in form and lack any type of canal system. '

Type species: Elasmosioma frondescens Fromentel

Elasmostoma aperien. sp. nov.
(pl.8/2,pl.9/8)

Derivato mominis: Aperiens (lat. = open) refers to the naked surface of skeletons.

Diagmosis: skeletons cup-like. Fibres vermiform, perpendicular to skeleton surface. Cortex
and ostia absent from both sides of skeletons.

Section: xb35—1—1 (holotype), xb37—C—T3 (paratype).

Description; Skeletons relatively large, cup-like, at least 43 mm high and 40 mm wide. The
stalk-like base 10 mm high and 19 mm wide, Skeleton wall (see Fig. 18) 4—5 mm thick or wide.

Skeletons lack canal system. Fibres generally 0.15—0.23 mm thick, discontinuous,
vermiform in form, more or less normal to the surface of skeletons.

Neither cortex nor ostia on either surface of skeletons.

Locality and horizon; Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maockou Stage.

Elasmostoma sp.
@.8/1)

Section: xb33-7-5.

Description: Skeleton jar-like, 25—30 mm in diameter, with the skeleton wall about 10 mm
thick.

Skeleton lacks canal system. Fibres straight, discontinuous, and not uniform in thickness,
generally 0.08—0.10 mm (maximally 0.18 mm and minimally 0.06 mm) thick. The fibres ar-
ranged in two directions: parallel to, and normal to the surface of the skeleton, forming checked
web in the vertical sections of the skeleton. The adjacent meshes of the web commonly
intercommunicated, 0.10—0.20 mm wide.

No cortex on either side of the skeleton. The fibres and interfibre spaces naked.

Discussion: The specimen is characterized by the absence of cortex and the arrangement
pattern of fibres. It can be a new species. ,

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Gemus Ramospongia gen. nov.
Diaguosis: Skeletons ramose in form, lacking canal system, composed of fibres arranged in-
to regular or irregular lattice. The surface of skeletons with or without cortex.
Type species: Ramospongia minor gen. et sp. nov.

Ramospongia minor gen. et sp. nov.
pl.9/3)
Derivatio nominis: Minor (lat. = smaller) refers to the small diameter of skeletons.
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Diagnosis: Skeletons small. Fibres discontinnous, more or less radially upward arranged.
No cortex on skeleton surface.

Section: xb37--D—~D1, xb33—5-10 (holotype).

Description: Skeletons ramose in form, 5 mm in diameter and 14 mm in height.

Skeletons lack canal system, composed of fibres arranged into lattice. The fibres
discontinuous, thick, ranging 0.15-0.27 mm in thickness, more or less radially upward
arranged, Interfibre spaces 0.20—0.30 mm wide.

The surface of skeletons lacks coriex.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi, Middle Permian Maokou Stage.

Ramospongia sp.
(pl. 8/ 11)

Section: xb27—-8-4.

Description: Skeleton ramose in form, at least 4 mm in diameter and 18 mm in height.

A small, irregular canal, possible the canal system present in the axial region of the
skeleton. Fibres discontinuous, vermiform, ranging 0.12—0.17 mm thick, arranged into irregular
lattice. The meshes of the lattice 0.13—0.17 mm wide.

A cortex present on skeleton surface. The cortex thin, not smooth, pierced with ostia.

Discussion: The presence of a possible canal makes it uncertain to place the specimen in this

genus.
Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Superfamily Homocoelioidea
Family Peronidellidae fam. nov.
Genus Bisiphonella gen. nov.

Derivatio nominis: Bi (lat. = two) refers to the number of excurrent tubes.

Diagnosis: Skeletons columnar in form. The canal system consists of two excurrent tubes
vertically running through the axial region of skeletons. Fibres arranged into regular or
irregular lattice. Skeleton surface with or without cortex.

Type specles: Bisiphonella cylindrata gen. et sp. nov.

Bisiphonelia cylindrata gen. et sp. nov.
(pl.7/4,5,pl.9/11)

Derivatio nominis: The species name refers to the cylindrical form of skeletons.

Diagnosis: Skeletons columnar. The two excurrent tubes similar in diameter. The distance
between the two tubes similar to that from the tubes to the surface of skeletons. Fibres moder-
ately thick, irregularly arranged. Interfibre spaces similar to fibres in width. No cortex.

Section: xb27—B-2 (holotype), xb34—2—2.

Description: Skeletons columnar in form, slightly curved, with a diameter of at least 5.5 mm
and a height of over 24 mm.

The canal system consists of two cylindrical tubes 0.75-0.90 mm across and 0.90 mm apart
in the axial region of skeletons. The distance from the tubes to the side surface of skeletons
minimally 1.0~1.5 mm. Fibres discontinuous in some places, 0.10—0.18 mm thick, arranged into
irregular lattice. Interfibre spaces generally 0.18—0.20 mm wide.
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No cortex on skeleton surface.

The dimension of thin section 34—2—2: skeleton 15 mm in diameter; tubes 2.8-3.0 mm
across; the two tubes 1.2 mm apart; the minimal distance from the tubes to skeleton surface
2.8—3.0 mm; the fibres 0.10—0.15 mm thick; and the interfibre spaces 0.20—0.25 mm wide.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Gepus Peronidella Hinde, 1893

Diagnosis: Skeletons columnpar or ramose, with a canal system consisting of one spongocoel
in the axial region of skeletons. Fibres arranged into regular or irregular lattice. The surface of
skeletons with or without cortex. In some species skeletons spherulitic in microstructure (Dieci
et al, 1974).

Discussion: This is a very common inozoan in strata from Permian to Jurassic. It is also one
of the most common genera in the reef of Xiangbo. Since its establishment, several species have
been described. However, these species are mainly based on their spicules and growth form. And
little has been known about the internal features of their skeletons. Therefore, the original defi-
nitions of these species are difficult to use in the identification of Paleozoic inozoans whose
spicules are generally not preserved. So it is necessary to emend the criterions for the identifica-
tion of species in this genus.

In the present study, species in this genus are distinguished according to the following char-
acters: (1) the diameter of spongocoel, and the ratio (R) of the spongocoel diameter (D) to the
width of skeleton wall (W) (formulated as R = D /W), (2) the thickness and arrangement of
fibres, (3) features of the cortex, (4) features of inner walls, and (5) features of endopores.

Type species: Spongia pistilliformis Lamouroux, 1821

Peronidella gravida sp. nov.
(pl.8/10)
Derivatio nominis: Gravida (lat. = pregnant) refers to the eggplant-like form of skeletons.
Diagnosis: Skeletons eggplant-like in form. R> > 1. Interfibre spaces wide. The inner wall
pierced with circular endopores arranged into longitudinal rows. Cortex not well- developed,
pierced with small ostia.

Dimension (mm): _
Section no. xb33-2-6 xb33—6-3 xb28—5-1
Diameter of spongocoel 31x23 5 30x48
width of skeleton wall 1.0 2 1.3x1.5
Thickness of fibres 0.05-0.07 0.05-0.08
Width of interfibre spaces 0.18-0.30 0.30-0.40

Section: xb33—6—3 (holotype), xb33—6-2, and xb33—2—6.

Description: Skeletons eggplant-like in form, with the bottom end tapering and the top end
rounded, having a diameter of at Jeast 8.5 mm and a height of over 25 mm.

The spongocoel resembles skeleton body in form, at least 5 mm in diameter. Skeleton wall
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1.0-2.0 mm thick. Thus, R> >1. Spongocoel wall pierced with circular endopores. The
endopores at least 0.15—0.17 mm in diameter, 0.18—0.40 mm apart, arranged into longitudinal
rows. Fibres thin, uniform in thickness, ranging 0.05—0.08 mm generally, arranged into irregular
latti~e, The width of interfibre spaces much greater than the thickness of fibres.

On the surface of skeletons present a cortex densely pierced by small ostia.

Discussion: This species resembles Peronidella metabronnii Sollas, 1883 in gross form. How-
ever, in the latter, the base of skeletons expanded; the cortex absent; and the endopores greater
in diameter. Accidentally, Peronidella sp. A, Flugel et al, 1984 (pl. 38 / 4, 6), according to its il-
lustration, belongs to this species.

Lozality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Peronidella labiaformis sp. nov.
PL8/6.pl.9/T)

Derivatio nominis: I.abiaformis (lat. = lip-like) refers to the form of skeletons in cross sec-
tion.

Diagnosis: Skeletons conical, lip-like in cross section. Skeleton wall variable in width.
Fibres fine. Skeleton surface without cortex.

Section: xb30—5-2 (holotype), xb35—7—1 (paratype) and xb33—2—4.

Description: Skeletons conical, 4—10 mm in diameter, lip-like in cross section.

Spongocoel lip-like or elliptical in cross section, 2 X 6.5 mm in size. Skeleton wall variable in
thickness, ranging 0.65—2.30 mm. Fibres continuons, 0.05—0.10 mm thick, arranged into
irregular lattice.

Skeleton surface without cortex, probably provided with spiny processes.

Dimension (mm):

Section no. xb30—5-2b xb33-2—4
_ Diameter of spongocoel 0.75x2.40 Ix2.8

Thickness of skeleton wall 0.4-0.8

Thickness of fibres 0.06-0.10 0.05-0.07

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Peronidella minicoeliaca sp. nov.
{(pl. 7/3.pL.8/3)

Derivatio nominis: Mini (gr. = small} and coeliaca (gr. = abdominal cavity) refer to the
small diameter of the spongocoel.

Diagnosls: Skeletons columnar. Spongocoel thin, cylindrical. R < < 1. Fibres thick, like
broken lines. Neither inner wall nor cortex present.

Section: xb30—3—3 (holotype), xb30—3—4 (holotype, from the same specimen as xb30—3-3),
xb37-2-10.

Description: Skeletons colamnar, 13—21 mm in diameter, possibly with shrunk rings on
their surface.

Spongocoel cylindrical, uniform in diameter, 3.75 mm across, without wall. Skeleton wall
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constant in thickness, 4.8—5.7 mm. Fibres thick, ranging 0.13—0.20 mm in thickness, densely ar-
ranged into broken lines laterally extending and subparallel to each other in longitudinal and
transversal sections of skeletons. Interfibre spaces 6.15 mm wide on the average, laterally ex-
tending to skeleton surface. Fibres recrystallized, with remains of original spherulitic
microstructure.

Skeleton surface without cortex, with fibres and interfibre spaces naked.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Peronidella recta Hinde, 1893
PlL.7/6,p.9/14)

1893 Peronidella recta: Hinde, p. 217, pl. 15, fig, 1-lc.

Diagnosis: Skeletons phacelloid. Stems thin, cylindrical. The diameter of spongocoel similar
to the thickness of skeleton wall (R = 1). Fibres moderately dense. Cortex absent.

Section: xb27—6-5, xb27—6—6, and xb27—6-7.

Description: Skeletons phacelloid in form. Stems thin, cylindrical, with a diameter of 3—7
mm,

Spongocoel cylindrical, 0.75—2.30 mm in diameter. The thickness of skeleton wall generally
0.3-2.3 mm. Thus, R & 1. Fibres moderately dense, generally 0.05—0.12 mm thick, arranged into
irregular lattice. The meshes of the lattice generally 0.05—0.25 mm wide.

Dimension (mm);
Secticn no. xb27-6—6 xb27-6—5 xb27-6—7
Diameter of stems 6.9 4.9 4.7
Diameter of spongocoel 2.3 1.0 1.3x0.9
Thickness of skeleton wall 23 1.5 1.7-2.0
Thickness of fibres 0.05-0.10 0.05-0.12 0.05-0.12
Width of interfibre spaces 0.25

The surface of skeletons without cortex.

Discussion: The specimens are identical to Hinde’s in growth form, the dimension of skele-
ton wall and spongocoel, the features of fibres and skeleton surface. Therefore, they belong to
the same species. '

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Peronidellg recta grossa subsp. nov.,
®.7/7,8)

Derivatio nominis: Grossa (lat. = thick) refers to the thick fibres.

Diagnosis: Skeletons phacelloid. Stems thin, cylindrical. R x 1. Fibres thick, irregularly ar-
ranged. Neither inner walls nor cortex present.

Section: xb34—4—1 (holotype) and xb30-8—7.

Description: Skeletons phacelloid in form. Stems thin, cylindrical, with a diameter of
2.5-4.5 ma.
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Spongocoel circular or elliptic in ¢ross section, with a diameter of 1.0—1.8 mm, without
wall. Skeleton wall 1.0-1.5 mm thick. Fibres thick, ranging 0.10—0.}5 mm in thickness, ar-
ranged into irregular lattice.

The surface of skeletons without cortex.

Dimension (mumn):
Section no, xb30—-8-7 xb3id—4—1
Diameter of stems 4.7 36
Diameter of spongoodel 1.8 1.0
Thickness of skeleton wall 1.3-1.5 1.0—1.3
Thickness of fibres 0.13-0.15 0.100.15
Width of interfibre spaces 0.20

Discussion: The difference between the subspecies and Peronidella recta Hinde, 1893 is that
the fibres of the former are thicker than those of the latter.
Locality and horizon: Reef of Xiangbo, Longlin, Guangxi, Middle Permian Maokou Stage.

Family Paracorynellidae fam. nov.
Genus Paracorynella gen. nov.,
Derivatio nominis: Para (gr. = apart) refers to the relationship between this genus and
Precorynella Dieci et al, 1968.
Diagnosis: Sponges single or compound. Skeletons cylindrical or hemispherical, with a ca-
nal system consisting of aperrhyses, multicloaca, and multioscutum. Fibres arranged into regu- .
lar or irregular lattice. '
Discussion: This genus differs from Precorynella Dieci et al, 1968 in the lack of epirrhyses.
Dieci et al stated that the epirrhyses is developed or absent in Precorynella. The present author
believes that epirrhyses are important to water circulation of sponges, thus those specimens
without epirrhyses should be included in a new genus, i.e., the present genus.
Type species: Paracorynella flexa gen. et sp. nov.

Paracorynella flexa gen. et sp. nov.
®PL9/1,2)

Derivatio nominis: Flexa (lat. = arched) refers to the form of aporrhyses.

Diagnosis: Skeletons reverse conical. Multicloaca consists of tubes 0.25—1.00 mm across,
running down to the base of skeletons. Aporrhyses arched, dichotomous. The meshes of fibre
lattice arranged into rows parallel to the aporrhyses.

Section: xb30—8—4 (holotype), xb34—5-2 (paratype).

Description: Skeletons relatively large, reverse conical, like an isosceles triangle in vertical
sections, with a diameter of 22 mm and a height of over 15 mm. The surface of skeletons may
have shrunk rings.

Multicloaca 7 mm wide, composed of several tubes more or less sinuous. The tubes 0.2—1.0
mm across, generally ruaning down to the base of skeletons. Aporrhyses converge inio the
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cloaca, gently curved downward and outward, dibranched for several times, meanwhile greatly
decreasing in diameter, up to 0.50—0.75 mm in diameter at their upper end and 0.25 mm across
pear their lower end. Fibres 0.05 mm thick, arranged into dense, regular lattice. The meshes of
the lattice 0.10—0.12 mm wide, generally rectangular or in some places circular, arranged into
rows parallel to the aporrhyses.

No cortex on skeleton surface.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permiar Maokou Stage.

Family Stellispongiellidae fam. nov.
Genus Stellispongiella gen. nov.

Derivatio nominis: The generic name refers to the relationship between this genus and
Stellispongia ’Orbigny, 1849.

Diagnosis: Skeletons generally cylindrical in form, with several mamelons on their surface.
Each mamelon has an osculum on it. There may be stellar grooves on the mamelons. Con-
verging and opening into the oscula are aporrhyses, which can be sinuous and branched, de-
creasing in diameter toward the interior of skeletons. Fibres arranged into regular or irregular
lattice.

Discussion: This genus differs from Stellispongia d’Orbigny, 1849 in the lack of epirrhyses
in the former.

Type species: Stellispongiella termieri gen. et sp. nov.

Age: Middle Permian.

Distribution: Tunisia; Longlin, Guangxi, China.

Stellispongiella termieri gen. el sp. nov.
(pl. 9/ 6)

Derivatio nominis: This species is named in honor of Prof. Termiers who have contributed a
lot to the study of Permian reefal fauna of Tunisia.

Diagnosis: Skeletons rod-like, with several mamelons on their surface. The mamelons 6 mm
apart. Aporrhyses 0.5 mm across maximally. Fibres arranged into dense, regular lattice.

Section; xb27-8-3 (holotype).

Description: Skeletons rod-like, 5 mm in diameter, over 38 mm long, with several mamelons
on their surface. Adjacent mamelons 6 mm apart.

Aporrhyses more or less sinuous, branched, 0.5 mm across maximally, greatly decreasing in
diameter toward the interior of skeletons, inward radially arranged under each osculum. Fibres
thin, ranging 0.03—0.07 mm in thickness, continuous, arranged into regular lattice. The meshes
of the lattice close, 0.5 mm wide and 0.1 mm high, radially upward arranged.

Discussion: The specimens assigned to Stellispongia bacilla by Termier & Termier in 1955
resemble the present specimen in external morphology. Thus they may belong to the same spe-
cies,

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.

Family Polysiphonellidae fam. nov.
Genus Polysiphonellia Russo, 1981
Diagnosis: Skeletons conical, columnar or in other elongate forms, with a canal system con-
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sisting of vertical excurrent canals / tubes not differentiated, scattered in a whole skeleton,
running through the length of a skeleton and opening into skeleton surface. Fibres arranged in-
to regular or irregular lattice. Skeleton surface can be covered with cortex. The microstructure
of fibres can be irregular.

Discussion; The genus differs from Sestrostomella Zittel, 1879 in that the excurrent canals of
the Jatter are confined to the axial region of skeletons,

Type species: Polysiphonella diecii Russo, 1981

Polysiphonelia sp. A
{pl.9/10)

Section: xb33—5—2.

Description: Skeletons columnar or in other elongate forms, with a diameter of 5—12 mm.

Excurrent tubes circular in cross section, scattered in a whole skeleton. The two tubes in the
axial region of the skeleton 0.80—0.83 mm across. The other tubes 0.25-0.50 mm across. All of
the tubes have discontinuous walls built of fibres. Fibres 0.03—0.60 mm thick, arranged into
dense lattice. The meshes of the lattice open, polygonal to circular in outline, 0.05-0.10 mm
wide,

No real cortex on skeleton surface. The fibres on skeleton surface dense. Interfibre spaces
naked.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Polysiphoneliasp. B
{pL9/9)

Section: xb33—~7-2,

Description: Skeleton circular in cross section, 14 mm in diameter.

Excurrent tubes circular in cross section, scattered in a whole skeleton. The tube in the axial
region of the skeleton 1.7 mm across. The other tubes 0.5-0.8 mm across. All of the tubes have a
thin and continuous wall. Fibres 0.06—0.08 mm thick, arranged into probably irregular lattice.

The cortex on skeleton surface thin, smooth.

Discussion: The specimen is characterized by the presence of thin and continuous inner
walls.

Locality and horizon: Reef of Xiangbo; Longlin, Guangxi; Middle Permian Maokou Stage.

YPolysiphonella sp.
@®l.8/8)

Section: xb34—-2-1.

Description; Skeleton rod-like, 5 mm in diameter, over 15 mm high.

Canal system consists of one spongocoel and at least 13 vertical tubes around the
spongocoel. The spongocoel 0.75 mm across. The vertical tubes 0.25—0.30 mm in diameter. The
spongocoel and the vertical tubes circular in cross section, running through the length of the
skeleton. Fibres 0.05—0.07 mm thick, continuous, arranged into irregular lattice. The meshes of
the lattice circular in outline, 0.08 mm wide.

_ Discussion: The specimen resembles those of Peronidella subcaespitosa (Munster) Dieci et
al, 1968 in the pattern of capal system. However, their canal sysiems are by no means
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Peronidella-type. Therefore, they should belong to a new genus, Because of the unavailable ma-
terial, the specimen is placed in this genus temporarily.
Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.

Genus Grossotubenella Rigby et al, 1989
Diagnosis: Skeletons irregular ovate, or subcylindrical in form, with a canal system con-
sisting of subvertical, vermiform excurrent canals not differentiated. The excurrent canals scat-
tered in a whole skeleton, short, opening into the top surface of the skeleton via more than one
osculum. Adjacent canals intercommunicated. Fibres arranged into lattice.
Type species: Grossotubenella Parallela Righy et al, 1989

Grossotubenella parallela Rigby et al, 1989
(pl. 7/10,pl.8/9,pL.9/ 4)

Diagnosis: Skeletons irregularly ovate in form. Excurrent canals sinuous, vermiform,
0.6—1.3 mm in diameter and 0.5-1.0 mm apart. In some places, the canals intercommunicated,
forming H- shaped configuration in longitudinal sections of skeletons. Fibres very fine and
dense.

Section: xb26~27-1, xb27-7-7, and xb34—8—1.

Description: Skeletons irregularly ovate in form, probably with mamelons on their surface,
with a maxima) diameter of 10—15 mm and a height of over 35 mm.

Excurrent canals variable in diameier, ranging 0.6—1.3 mm across, more or less sinuous,
short in the longitudinal sections of skeletons, irregularly and evenly scattered in a whole skele-
ton, generally 0.5—1.0 mm apart. Adjacent canals commonly intercommunicated, forming
H- shaped configuration in the longitudinal sections of skeletons. The canals linking adjacent
vertical excurrent canals 0.3—1.0 qnm across. Fibres very fine, arranged into dense, irregular lat-
tice.

The cortex on skeleton surface indistinct.

Dimension (inm):
Specimens no. xb34-8-1 xb26—27-1 xb27-7-7
Diameter of canals 0.6-1.3 0.8-1.0 0.8-1.0
Distance between canais 0.5~1.0 6.6-1.0 0.5-0.6
Diameter of linking canals 4.3-0.9 0.5-0.8

Locslity and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maockou Stage.

Genus Protocoelia gen. nov.

Derivatio nominis: Proto (gr. = primitive} and coel {gr. = cavity) refer to the indistinct ca-
nals.

Diagnosis: Skeletons columnar or conical in form, with a canal system comsisting of
irregular, sinuous excurrent canals not differentiated, scattered in a whole skeleton. The
excurrent canals indistinct in outline. Fibres spherulitic in microstructure, arranged into rcgular
or irregular lattice. Cortex present on or absent from skeleton surface.
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Type species: Protocoelia vermiformis gen. et sp. nov.

Protocoelia vermiformis gen. ¢t sp. nov.
PL7/9)

Derivatio nominis: The species name refers to the form of fibres and excurrent canals.

Diagnosis: Skeletons large, kidney-like, sinuous. Excurrent canals sinuous, irregular in
form, 1.0~1.5 mm across. Fibres thick, sparse, discontinuous. Skeleton surface covered with
cortex.

Section: xb27—7—8 (holotype) and xb27-7-9.

Description: Skeletons large, kidney-tike, with a diameter of at least 22 mm and a height of
over 45 mm, _

Excurrent canals irregular in form, without walls, indistinct in outline, variable in diameter,
generally 1.0—1.5 mm wide, scattered in the inner region of skeletons (absent from the 1.0-3.5
mm wide edge of skeletons). Fibres thick, vermiform, discontinuous, 0.13—0.20 mm in thickness,
spherulitic in microstructure. Interfibre spaces 0.25—0.38 mm wide in the edge of skeletons.

Skeleton surface covered with thin cortex,

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Vermispongia gen. nov.

Derivatio nominis; Verm {lat. = vermiform) refers to the form of excurrent canals.

Diagnosis: Skeletons commonly ovate in form, with a canal system consisting of vermiform,
intercommunicated, short excurrent canals not differentiated, scattered in a whole skeleton.
Fibres arranged into irregular or regular lattice. The free ends of fibres project towards the inte-
rior of excurrent canals.

Discussion: The short, vermiform excurrent canais distinguish this genus from others.

Type species: Vermispongia spiniformis gen. et sp. nov.

Vermispongia spiniformis gen. et sp, nov.
PL772)

Derivatio nominis: The species name refers to the spiny free ¢end of the fibres projecting to-
wards excurrent canals.

Diagnosls; Skeletons relatively large, elliptic in sections. Excurrent canals sinuous,
vermiform, 1-2 mm wide. Fibres arranged into irregular lattice. The spiny free end of fibres
project toward the interior of excurrent canals.

Section: xb37—-2—12 (holotype) and xb28-3,

Description: Skeletons ovate in form, elliptic in sections, 20—25 mm long and 10—15 mm
wide. :

Excurrent canals sinuous, short, without walls, vermiforin, generally 1.0~2.0 mm wide and
6.0 mm long, scattered in a whole skeleton, 1.0--3.0 mm apart, opening into skeleton surface.
Fibres not uniform in thickness, generally 0.08—0.12 mm thick. The spiny free end of fibres
projects toward the center of excurrent canals.

No cortex on skeleton surface. Fibres naked.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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Homocoelioidea gen. indet.
(plL.8/4)

Section: xb35—6-3.

Description: Skeleton large, phacelloid, up to 30 mm wide. Stems 5—6 mm in diameter.
Spongocoel irregular in cross section. The fibres fine, arranged into irregular lattice. Skeleton
recrystallized. Thus, other features unrecognizable

Locality and borizon: Reef of Xiangbo, Longiin, Guangxi; Middle Permian Maokou Stage.

Superfamily Heterocoelioidea
Family Corynellidae fam. nov.
Genus Precorynelia Dieci et al, 1968

Diagnosis: Sponges single or compound. Skeletons columnar, pyriform, or hemispherical,
with a canal system consisting of ostia, epirrhyses, aporrhyses, a multicloaca and a
multiosculum. There can be a cloaca depression on the center of the top surface of skeletons.
Stellar grooves can be present, radiating from the cloaca depression. Fibres arranged into
irregular or regular lattice. Skeleton surface with or without cortex.

Type species: Cnemidium pyriformis Klipstein, 1843

Precorynelia dendroidea sp. nov.
pl.7/1)

Derivatio mominis: Dendroidea (lat. = dendroidal) refers to the dendroidal form of the ca-
nal system.

Diagmosis: Sponges compound, comprising two columns merged. Aporrhyses irregularly
branched and curved, decreasing in diameter downwards. Epirrhyses thin, more or less normal
to aporrhyses. Fibres fine, arranged into dense, irregular lattice.

Section: xb27-7-3 (holotype)

Description: Skeletons compound, comprising two columns merged together.

Multicloaca consists of vertical tubes 0.3—0.5 mm across. Aporrhyses inclined outward and
downward, irregularly curved and furcated, greatly decreasing in diameter toward their lower
ends. Epirrhyses composed of sparse canals 0.25—0.37 mm across, more or less normal to
aporrhyses. Fibres fine, commonly 0.05 mm thick, arranged into irregular lattice. The meshes of
the lattice 0.12 mm wide.

No cortex on skeleton surface.

Discussion: The new species differs from Precorynella auriformis Dieci et al, 1968 in that in
the former the aporrhyses irregularly furcated and curved, and the fibres irregularly arranged;
while in the latter the aporrhyses unbranched, and the fibres arranged into regular lattice.

Locality and horiz_on: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Stellispongiidae Laubenfels, 1955
Genus Stellispongia d’Orbigny, 1849
Diagnosis: According to d’Orbigny (1849) and Dieci et al (1968), the sponges single or
compound, commonly spherical, with one (for single forrn) or more than one (for compound
form) cloaca depression on their surface. The canal system consists of ostia, epirrhyses,
aporrhyses and a multiosculum (in a cloaca depression). The epirrhyses converge from skeleton
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surface toward the center of skeletons. The aporrhyses converge toward the cloaca depression,
opening into it.

Al Bi

Fig. 20 Comparison of canal system of Stellispongia with Precorynella in sections. A1~A2: Stellispongia;
Al: longitndinal section; A2: transversal section; B1-—B2: Precorynells; Bl: longitudinal section; B2:

transversal section.

Discussion: According to d’Orbigny, this genus is characterized by stellar depressions (i.e.,
the cloaca depressions in the present usage) on skeleton surface. However, it is known that stel-
lar depressions are also present in other genera. Thus, the main criterion for the identification of
this genus is the features of the canal system.

The genus differs from Precoryneila in that the excurrent carals differentiate into two parts:
multicloaca and aporrhyses in the latter while in the former muliticloaca is undeveloped or is
given place to a cloaca depression.

Accidentally, the specimens assigned to Precorynella by Fois in 1980 actually belong to this
genus.

Type species: Cnemidium variabilis Munster, 1840

Stellispongia cf. manon (Munster) Dieci et al, 1968
®l.9/12)
Section: xb27-9,
Description: The specimen is a fragment of a vertical section, 14 X 19 mm in size.
The canal system consists of two groups of straight tubes. The tubes of the first group verti-
cal, parallel to each other, below 0.40—0.55 mm apart. The tubes of the second group, probably
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being aporrhyses, normal to the tubes of the first group, but not parallel to each other (instead,
laterally and radially arranged), generally 0.5—0.8 mm apart. All of the tubes of the two groups
0.40—0.55 mm across. Fibres thin, arranged into regular lattice, with the meshes fine, rectangu-
lar in outline.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Stellispongia sp.
(pl.8/ 5)

Section: xb30—8—9.

Description: The available specimen is an oblique vertical section, 13.5 mm high and 15 mm
wide.

Two groups of tubes are sectioned. The tubes of the first group, probably being the
epirrhyses, normal to skeleton surface; the tubes of the second group, being aporrhyses, obligue
or normal to the tubes of the first group. All of the tubes of the two groups straight, generally
0.3 mm across. Fibres thin, arranged into regular lattice. The meshes of the lattice rectangular in
outline.

Locality and horizon: Reef of Xjangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Paristellispongia gen. nov.

Derfvatio nominis: pari {lat. = equivalent to) refers to the relationships between this genus
and Srellispongia.

Diagnosis: Sponges single or compound. Skeletons generally subspherical in form, with a
canal system consisting of ostia, epirrhyses, aporrhyses, and a multiosculum (possibly in a
cloaca depression). The epirrhyses consist of tubes vertical, straight, and subparallel to each
other. The aporrhyses converge to the multiosculum. In compound forms, there is more than
one multiosculum. From each multiosculum a group of aporrhyses radiate downwards. Fibres
arranged into regular or irregular lattice. '

Discussion: This genus differs from Stellispongia d*Orbigny, 1849 in the parallel rather than
radial arrangement of the epirrhyses in the former.

Type species: Paristellispongia parallelica gen. et sp. nov.

Paristellispongia parallelica gen. et sp. hov.
(pl.7/11,pl.G/5)

Derivatio nominis: Parallelica (lat. = parallel) refers to the parallel arrangement of
epirrhyses, :

Diagnosis: Skeletons relatively large, spherical. Epirrhyses 0.37-0.65 mm across, generally
0.5—1.0 mm apart. There are more than one cloaca depression. Aporrhyses sinuous, furcated,
decreasing in diameter downwards.

Section: xb33—6—5 (holotype), xb33—5—6 (paratype), xb30—8—9 and xb34—6—1.

Description: Skeletons relatively large, circular or elliptic in horizontal sections, 20 x 30 mm
in size.
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i

Fig. 21 Canal system in the sections of Paristellispongia parallelica sp. nov. A: horizontal section; B: verti-
cal section.

Epirrhyses consist of more than one straight vertical tube, 0.37—0.65 mm across, parallel to
each other, extending from the top to the botiom of skeletons, generally 0.5—1.0 mm apart.
Aporrhyses sinuous, furcated, inclined downward and outward, decreasing in diameter down-
ward. In horizontal sections of skeletons, the epirrhyses appear as scattered circles, and the
aporrhyses arranged into several stellar configurations (Fig. 21A). In the vertical sections of
skeletons, the aporrhyses symmetrically arranged under each cloaca depression (Fig. 21B).
Fibres fine, commonly 0.05 mm thick, arranged into regular lattice. The meshes of the lattice
commonly polygonal in outline, generally 0.08—0.10 mm wide.

No cortex on skeleton surface.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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S Sphinctozoans and Demosponges

I. Research History

Sphinctozoans are a group of segmented calcareous sponges. They are important reef-build-
ing organisms in Permian. The study of this group can be dated back to the end of the last cen-
tury (Defrance, 1828; Goldfuss, 1833; Laube, 1865). The foundational work for the group was
finished by Zittel (1878), Steinmann (1882), and Dunikowski (1883). Contributions to the study
of the group were also made by Rauff (1891, 1913), Vinassa (1901, 1908, 1915), Girty {1908),
Toula (1913), Mansuy (1913, 1914), Hayasaka (1918), Parona (1933), Yabe & Sugiyama (1934),
Wilchens (1937), Herak (1944), and others. Since the 1950s, Seilacher (1962), Ott (1965), Dieci et
al (1968}, Fan and Zhang (1985), Senowbari-Daryan (1990), Senowbari- Daryan et al (1983,

1986, 1988), and Rigby et al (1989) have done important work on this group.

Sphinctozoans can be reefal or non.reefal organisms. Their geological age ranges from
Cambrian to Recent. Permian reefal sphinctozoans are mainly confined to the Permian reefs of
China, the Middle Permian reefs of Tunisia, and the Middle Permian reefs of Sicily and USA.
Up to now, only the sphinctozoans from the reefs of Tunisia have been thoroughly studied.

11. Characters and Terminology

Sphinctozoans are characterized by chambered calcareous skeletons, water-controlling
structures and siliceous spicules embedded in the skeletons.

The spicules in sphinctozoans are generally siliceous monaxons. They can be preserved in
some Mesozoic sphinctozoans and a few Palsozoic ones. Thus, they are an unpracticable char.
acter in taxonomy.

Sphinctozoans are chambered calcisponges without exception. The simplest sphinctozoans
are single-chambered (e.g., Biastulospongia; Pickett & Jell, 1983). But most sphinctozoans are
composed of more than one chamber. The chambers in sphinctozoans can be spherical, domed,
doliform, discoid, tube-like and irregular saccate. The arrangement of chambers in sphincte-
Zoans is various, ranging from linear, in diagonal rows, in vertical rows, or irregular, to spisal,
producing various regular or irrcgular forms. The forms of sphinctozoans can be spherical,
catenulate, columnar, coniform, plate-like and irregular massive, depending on the arrangement
of chambers,

The water-controlling structures in sphinctozoans include (1) exhalent canal system, (2)
pores or / and ostia, and (3) chamber-connecting tubes.

An exhalent canal system consists of all of the tubes or canals by which the water currents
are pumpad oui from chambers. The exhalent canal systems in sphinctozoans can be divided as
the following types: (1) central tube (Fig. 22a—e, j), (2) central tube bundle (Fig. 221, g), (3)
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central conduit (Fig. 22k, 1), (4) central conduit bundle (Fig. 22h, m), (5) multiple vertical
tubes (Fig. 22n), (6) multiple vertical conduits (Fig. 220), and (7) multiple vertical conduit
bundies {Fig. 22i, p). :

The tubes in type (1), (2) and (5) differ from the conduits in type (3), (4), (6) and (7) in that
a conduit has a continuous wall of its own, commonly extending into the interior of chambers
via small, acroteric tubes (known as converging tubes) while a tube has no wall of its own, or
has a discontinuous walt built of chamber walls, lacking converging tube,

Apparently, asiphonate sphinctozoans have no exhalent canal system. Cryptosiphonate,
pseudosiphonate, prosiphonate, retrosiphonate and amblysiphonate exhalent canal system
have the same definition as Seilacher’s. Each of these types consists of a central tube (Fig.
22a—e). It is added to their definitions that chambers in these types are stacked in a series.

A vyukosiphonate exhalent canal system consisis of a buadle of central tubes having
discontinuous walls (Fig. 22f), with chambers stacked in a series, as in Yukonefla Senowbari-
Daryan & Reid, 1987.

An imbrisiphonate exhalent canal system consists of a bundle of central tubes with contin-
uous walls, with the chambers arranged into more than one layer around the central tube bundle
(Fig. 22g), as in Imbricatocoelia Rigby et al, 1989.

A pseudoamblysiphonate exhalent canal system consists of a bundle of central conduits
extending into the interior of each chambers via some converging tubes, with the chambers
stacked in a series (Fig. 22h), as in Pseudoamblysiphoneila Senowbari-Daryan & Rigby, 1988.

A zanklisiphonate exhalent canal system consists of more than one conduit bundle scat-
tered in a whole sponge, with the chambers stacked in a series (Fig. 22i), as in Zanklithalamia
Senowbari-Daryan, 1990.

A guadalusiphonate exhalent canal system consists of a central tube without any wall of its
own, with the chambers arranged into one layer around the central tube (Fig. 22j), as in
Guadalupia Girty, 1908, :

A tebagasiphonate exhalent canal system consists of a central conduit extending into each
chamber via a converging tube, with the tube-like chambers arranged into one layvr around the
central conduit (Fig. 22k), as in Tebagathalamia Senowbari-Daryan & Rigby, 1988,

A battagsiphonate exhalent canal system consists of a central conduit extending into the
interior of each chamber via some converging tubes, with chamber arrangement spirai (Fig. 221),
as in Bartaglia Senowbari-Daryan & Schafer, 1986.

A vesicosiphonate exhalent canal system consists of a central conduit bundle extending in-
to the interior of each chamber via converging tubes, with the chambers arranged into one layer
around the central conduit bundle (Fig. 22m), as in Polysiphospongia Senowbari- Daryan &
Schafer, 1986,

A glomosiphonate exhalent canal system consists of more than one guadalusiphonate ver-
tical exhalent tube (somewhat irregular in form), with the chambers arranged into more than
one layer around each exhalent tube (Fig. 22n), as in Glomocystospongia Rigby et al, 1989.

A polycystosiphonate exhalent canal system consists of more than one vertical conduit,
with chambers arranged into more than one layer around each vertical conduit (Fig. 220), as in
Polycystothalamia gen. nov.

A lemosiphonate exhalent canal system consists of more than one vertical conduit bundle
scattered in a whole sponge, with the chambers arranged into one layer around each vertical
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conduit bundle (Fig. 22p), as in Lemonea Senowbari-Daryan, 1990.

The pores are small, densely and evenly piercing chamber walls. On the contrary, the ostia
are larger, sparse, piercing chamber walls, regulazly or irregularly distributed. The
chamber-connecting tubes penetrate more than one chamber, with or without walls, probably
developed from the opposite pores in adjacent chamber walls, intercommunicating adjacent
chambers.

The interior of chambers of sphinctozoans can be filled with a variety of calcareous filling
structures. The filling structures include the following: (1) vesiculae as in Celospongia, (2) septa
as in Radiothalamos, (3) pore-like tissue as in Intrasporecoelia, (4) pillars as in Cryptocoelia, and
(5) reticulate tissue as in Prosiphonelia (fine or robust). In some sphinctozoans such as Batraglia
the central tubes are also filled in with filling structures.

II1. Evolutionary Tendencies

The evolutionary tendencies in sphinctozoans lie in the following: (1) the arrangement of
chambers, from single-chambered to multiple-chambered; the multiple-chambered varying from
irregular aggregations to regular ones; the regular aggregations ranging from catenulate to
one-layered or multiple-layered columnar, to spiral forms, (2) water-contrelling structure, from
asiphonate with perforation and maybe chamber.connecting tubes to siphonate (i.e., with
exhalent tube), to vascular (i.e., with exhalent conduit), to multiple siphonate or multiple
vascular, and (3) filling structure, from monotonous and simple ones to complicated or com-
bined ones.

IV. Classification

The most important classification of sphinctozoans is Seilacher’s (1962). In the classifica-
tion he divided sphinctozoans into two superfamilies: Porata and Aporata, according to the per-
foration nature of chamber walls. This classification is followed by many authors (e.g., Ott,
1967; Senowbari-Daryan, 1988). However, this kind of classification has turned out somewhat
questionable. For example, in Guadalupia some species have chamber walls perforated while
others haye imperforated chamber walls. Then, which superfamily would the genus be assigned
to?

Recently, Senowbari-Daryan (1990) made some revision on Seilacher’s classification. He
divided sphinctozoans into 5 orders belonging to Demospongea or Calcispongea.

The present author believes that the perforation nature of chamber walls is a criterion only
for generic or species-level taxonomy, and that the spicules are not a practicable criterion for the
classification of most fossil sphinctozoans. The most important criterion should be the exhalent
canal systems (including the central tube, the central tube bundle, the central conduit, the cen-
tral conduit bundle, the multiple vertical tubes, the multiple vertical conduits, and the multiple '
conduit bundles) because they are the most important water- controtling structures. The less
important criterion is the arrangement pattern of chambers which is also important to water cir-
culation. The perforation nature of chamber walls, the ostia, the chamber-connecting tubes and
the filling structures in chambers are the criterions for the identification of genera and species.
Based on these standards, a new classification scheme is proposed as follows.
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Order Sphinctozoa Steinmann, 1882

Definition: Chambered calcareous sponges with monaxons and various water-controlling
structures, The microstructure of chamber walls can be spherulitic, irregular, orthogonal,
clinogonal, lamellar, and micritic {as in Uvanella).

Suborder Asiphonata nov.,

Definition: Sphinctozoans in the suborder have no exhalent canal system (i.e., asiphonate),
composed of one or more than one chamber, commonly columnar, plate-like or irregular mas-
sive in form.

Family Parauvaneliidae fam. nov.

Definition: It includes the members of the suborder irregular in form, composed of cham-
bers irregularly arranged, with chamber walls perforated or imperforated with ostia.

Representative: Parauvanella Senowbari-Daryan & Di Stefano, 1988

Discussion: Similar to Parauvanella in form, but with a totally different microstructure of
chamber walls, Uvanella Ott has a problematical position in the family, The micritic {or
microgranular) nature of its chamber walls is unusual in sphinctozoans.

Family Polyphymaspongiidae fam. nov.

Definition: It includes the members of the suborder regular in form, commonly plate-like or
colomnar in form, with chamber walls perforated or imperforated with ostia.

Representative: Polyphymaspongia King, 1943

Family Colospongiidae Senowbari-Daryan, 1990

Definition (revised): It includes the members of the suborder catenulate or columnar in
form, with chamber walls commonly perforated, probably with chamber-connecting tubes, or
imperforated with ostia.

Representative: Colospongia Lanbe, 1865

Discussion: According to the definition, Rhabdactinia, Intrasporecoelia, and Guangxispongia
gen. nov. are also included in the family.

Suborder Siphonata nov.

Definition: Sphinctozoans in the suborder have a central tube or a central tube bundle,
comunonly catenulate or columnar in form. The catenulate forms are composed of a series of
chambers stacked. The columnar forms are generally composed of one or more than one layer
of chambers arranged around the central tube or central tube bundle. The central tube can be
cryptosiphonate, pseudosiphonate, prosiphonate, retrosiphonate, amblysiphonate and
guadalusiphonate. The central tube bundle can be yukosiphonate or imbrisiphonate.

Family Thaumastocoeliidae Ott, 1967

Definition (revised): It includes the members of the suborder catenulate in form, with a
cryptosiphonate, or pseudosiphonate central tube.

Representative: Sollasia Steinmann, 1882

Family Sebargasiidae Laubenfels, 1955

Definition (revised): It includes the members of the suborder catenulate in form, with a
prosiphonate, or retrosiphonate or amblysiphonate central tube, with perforate or imperforate
chamber walls.

Representative: Amblysiphonella Steinmann, 1882

Family Yukonellidae fam. nov.
Definition: It includes the members of the suborder with a yukosiphonate central tube bus-
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dle, composed of a series of chambers stacked, columnar in form.
Representative; Yukonella Senowbari-Daryan & Reid, 1987
Family Guadalupiidae Girty, 1908

Definition (revised): 1t includes the members of the suborder composed of lateral tube-like
chambers radially arranged into one layer around a guadalusiphonate central tube, with perfo-
rate or imperforate chamber walls, commonly columnar in form.

Representative: Guadalupia Girty, 1908

Family Cystauletidae fam. nov.

Definition: It includes the members of the suborder composed of subspherical to saccate
chambers arranged into one layer around a guadalusiphonate central tube, with chamber walls
perforated or imperforated, commonly columnar in form.

Representative: Cysiauletes King, 1943

Family Cystothalamiidae Girty, 1908

Definition (revised): It includes the members of the suborder composed of saccate chambers
arranged into more than one layer around a guadalusiphonate central tube, with chamber walls
perforated or imperforated.

Representative: Cystothalamia Girty, 1908

Family Imbricatocoeliidae fam. nov.

Definition: It includes the members of the suborder composed of saccate chambers arranged
into more than one layer around a imbrisiphonate central tube bundle, with chamber walls per-
forated or imperforated,

Representative: Imbricatocoelia Rigby et al, 198¢

Suborder Vasculata nov.

Definition: Sphinctozoans in the suborder have a central conduit or central conduit bundle,

with chamber arrangement commonly catenulate or spiral.
Family Pseudoamblysiphoaellidae fam. nov.

Definition: 1t includes the members of the suborder catenulate in form, composed of a series
of chambers stacked, with a pseudoamblysiphonate central conduit bundle, with chamber walls
perforated or imperforated.

Representative: Psevdoamblysiphonella Senowbari-Daryan & Righby, 1988

Family Tebagathalamiidae Senowbari-Daryan & Rigby, 1988

Definition (revised): It includes the members of the suborder composed of lateral tube-like
chambers radially arranged into one layer around a tebagasiphonate central conduit. Each
chamber converges into the central conduit through a small converging tube. Chamber walls
perforated or imperforated.

Representative: Tebagathalomia Senowbari-Daryan & Rigby, 1988

Family Uvacoeliidae fam. nov.

Definition: It includes the members of the suborder composed of spherical chambers ar-
ranged into ope layer around a tebagasiphonate central conduit, commonly columnar in form.
Each chamber converges into the central conduit through a small converging tube. Chamber
walls perforated or imperforated.

Representative: Uvacoelia Kugel, 1987

Family Battagliidae fam. nov.
Definition: It includes the members of the suborder having a battagsiphonate central con-
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duit, with chamber arrangement spiral, with chamber walls perforated or imperforated.
Representative: Battaglia Senowbari-Daryan & Schafer, 1986
Family Vesicocaulidae fam. nov.

Definition: It includes the members of the suborder having a vesicosiphonate central con-
duit bundle, with chambers arranged into one layer around the central conduit bundle, with
chamber walls perforated or imperforated.

Representative: Polysiphospongia Senowbari-Daryan & Schafer, 1986

Soborder Polysiphonata nov.

Definition: Sphinciozoans in the suborder have more than one vertical exhalent tube or ver-
tical tube bundle scattered in a whole sponge.

Family Glomocystospongiidae Rigby, Fan & Zhang, 1989

Definition (revised): It includes the members of the suborder having a glomosiphonate
exhalent canal system, with chambers arranged into more than one layer around each vertical
exbalent tube / canal, with chamber walls perforated or imperforated.

Representative; Glomocystospongia Rigby, Fan & Zhang, 1989

Suberder Polyvasculata nov.

Definition: Sphinctozoans in the suborder have more than one vertical conduit or vertical

conduit bundle scattered in a whole sponge.
Family Zanklithalamiida¢ fam. nov,

Definition: It includes the members of the suborder composed of a series of chambers
stacked, with a zankliisiphonate exhalent canal system, with chamber walls perforated or
imperforated.

Representative: Zanklithalamia Senowbari-Daryan, 1990

Family Polycystothalamiidae fam. nov.

Definition: It includes the members of the suborder having a polycystosiphonate exhalent
canal system, with chambers arranged into more than one layer around each vertical conduit,
with chamber walls perforated or imperforated.

Representative: Polycystothalamia gen. nov.

Family Lemoneidae fam. nov.

Definition: 1t includes the members of the suborder having a lemosiphonate exhalent canal
system, with latera) tube-like chambers radially arranged into one layer around each vertical
conduit bundle.

Representative: Lemonea Senowbari-Daryan, 1990

V. Paleoecology

Sphinctozoans generally occur in shallow- water carbonate rocks or reefs, They are com-
monly associated with calcareous algae which are indicative of warm, shallow water environ-
ments. In Permian reefs, sphinctozoans are generally important reef-builders. In all of the Per-
mian reefs of China (Guangxi, Guizhou, Yunnan, Hubei, Sichuan, etc.), sphinctozoans are
without exception important reef-builders. In these reefs, sphinctozoans can serve as (1) bafflers
(as in the Upper Permian reefs of Sichuan), and (2) framers (as in the Upper Permian reefs of
Hubei, the Middle and Upper Permian reefs of Guangxi and Guizhou). In the Upper Permian
reefs of Chongqing, Sichuan, sphinctozoans as well as inozoans are chief bafflers. In the Upper

Ly

N Ty



Sphinctozoans and Demosponges 81

Permian reefs of Guangxi, Guizhou, and Hubei, sphinctozoans are main framers. In the Middle
Permian reef of Xiangbo, sphinctozoans are main framers accessory to sclerosponges and
inozoans in generic and individual numbers, constituting 12.7-26.8% of the main reef-builders.
In the reef, sphinctozoans can be generally thick columnar, slender columnar, robust branched,
slender branched and conical. It is found that the slender columnar and slender branched
sphinctozoans are adapted to high-energy environments, representing the climax of reef devel-
opment. This is also the case in the Upper Permian reefs of Ziyun, Guizhou. It is found that
sphinctozoans tend to have a higher richness than inozoans in non-typical reefs or reef facies but
a lower richness than inozoans im typical reefs or reef facies, Thus it is belicved that
sphinctozoans have a living habit similar to but slightly different from that of inozoans.

V1. Comparison with Sphinctozoans from Tunisia

As to the generic composition, the sphinctozoans in the reef of Xiangho resemble those in
the reefs of Lichuan, Hubei, and those in the reefs of Sicily and Tunisia.

To compare two faunas taxonomically, the recurrence coefficient is defined. Suppose that
there are fauna A and fauna B and there are more genera in fauna A than in fauna B. If fayna A
has n genera while fauna B has m genera, and X genera in fauna B can be found in fauna A,
then the recurrence coefficient (REC.) of fauna B to fauna A is calculated from

REC. =X /m % 100%

It is calculated that the recurrence coefficient of sphinctozoans in the reef of Xiangbo to
that in the reefs of Tunisia is 77%. According to fusulinid fauna, the reefs of Tunisia are of the
same age as the reef of Xiangbo, Longlin, Guangxi, China.

The sphinctozoan composition of the Permian reef of Xiangbo differs from that of the
Triassic reefs of Italy and Alps. The recurrence coefficient of the sphinctozoans in the Triassic
reefs of Italy to those in the reef of Xiangbo is 30%.

The comparison shows that sphinctozoan composition in reefs is controlled by geological
time as well as environments. Therefore, sphinctozoans are also of stratigraphic value.

VIL. Systematic Description

Order Sphinctozoa Steinmann, 1882
Suborder Asiphonata nov,
Family Parauvanellidae fam. nov.
Genus Parauvanella Senowbari-Daryan & Di Stefano, 1988

Diagnosis: Sponges nodular or irregular aggregates, consisting of small saccate or irregular
chambers irregularly arranged, without exhalent canal system, with chamber walls perforated or
imperforated with ostia, without filling tissue. Chamber walls commonly recrystallized.

Type species: Parauvanella paronai Senowbani-Daryan & Di Stefano, 1988

Paraguvanelia sp.
(pl. 10/ 10)
Section: xb33—5-2, xb33—6-2.
Description: Sponges columnar, 5—-10 mm in diameter. Chambers irregular in form, gener-
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ally saccate, not uniform in size, generally 0.5~0.62 mm wide and 0.25—0.42 mm high,
irregularly arranged. Chamber walls sparsely perforated. The interior of chambers empty.
Chamber walls recrystallized.

Eocality and horizon: Reef of Xiangho, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Colospongiidae Senowbari-Daryan, 1990
Gepus Colospongia Laube, 1865
Diagnosis: Sponges catenulate, asiphonate, congisting of a series of stacked spherical cham-
bers. Chamber wall perforated. The pores branched or unbranched, making chamber walls
cribriform. Chambers generally hollow, in some cases with vesiculae. Chamber walls irregular in
microstructure.
Type species: Colospongia diubia Laube, 1865

Colospongia sp.
(pl. 11/ 10)

Section: xb33—7-7, xb30—2—6.

Description: Sponges catenulate, consisting of a series of spherical chambers stacked.
Chambers 7 mm wide and 5 mm high. Interwalls or top walls up to 0.65 mm thick. Chamber
side walls 0.5 mm thick. Chamber walls perforated, with the pores in interwalls more instinct
than in side walls, commonly unbranched. Chambers hollow, in some cases with vesiculae.

Laocality and horizen: Reef of Xiangho, Longlin, Guangyi; Middle Permian Maokou Stage.

Genus Intrasporecoelia Fan & Zhang, 1985
Diagnosis: Sponges columnar, asiphonate, consisting of a series of low chambers stacked.
Chamber walls perforated. Interior of chambers with pore-like filling tissue. Chamber-con-
necting tubes probably present.
Type species: Intrasporecoelia hubeiensis Fan & Zhang, 1985

Intrasporecoelia hubeiensis Fan & Zhang, 1985
(pl. 10/13;pl. 13/ 1)

Section: xb36~1-5, xb35—8—11, xb27-2—4.

Description: Sponges large, columnar, or branched. Individual branch 15~25 mm in diame-
ter, up to 80 mm in a specimen.

Chambers low, generally 2.0—4.5 mm in height. Chamber walls 1.5-2.7 mm thick, perfo-
rated, with the pores 0.1-0.2 mm across. The interior of chambers has pore-like filling tissue,
with individual pore-like tissue 0.05—0.65 mm across.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Intrasporecoelia laxa sp. nov.
L 11/2,5)
Derivatio nominmis: Laxus (la. = loose) refers to the sparse pore-like filling tissue.
Diagnasis: Sponges columnar or branched. Chamber walls coarsely perforated, with some
pores merged into small tubes. Pore-like filling tissue in chambers point-like, sparse.
Section: xb33—3-9 (holotype), xb35—8—1, xb30-5—1, xb36—4—9 and xb30—5-17.
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Description: Sponges large, columnar, with individual stem 15-25 mm in diameter.

Chamber low, generally 2—5 mm in height. The top walls of chambers 1.3--2.7 mm thick.
Chamber walls pierced by numerous pores 0.10—0.22 mm across. The pores perpendicular to
chamber walls, generally unbranched. Some pores merged into small fubes 0.27—0.5) mm in di-
ameter. The interior of chambers with sparse pore-like filling tissue, Individual pore-like tissue
0.10-0.65 in diameter.

Discussion: The new species differs from fnrrasporecoelia hubeiensis in the small tubes
formed by the mergence of pores, and the sparser pore-like filling tissue in the chambers of the
former,

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.

Genus Guangxispongia gen. nov.

Derivatio nominis; The generic name refers to the type locality of the genus,

Diagnosis: Sponges large, columnar, asiphonate, consisting of a series of low chambers
stacked. Chambers peltate. Chamber walls dramatically, irregularly perforated. The pores large,
branched, enlarged towards the surface of the chamber walls, making the skeletal materials be-
tween the pores spiny. Chambers hollow.

Discussion: According to Senowbari-Daryan’s (1986, pl. 51, fig. 5) illustration, Cryptocoelia
sp. 1 described by him is different from Cryptocoelia. It can belong to the new genus.

The new genus is similar to Celospongia. They may have some affinities and thus may be-
long to the same family.

The genus is characterized by dramatically and irregularly developed perforation, irregular
chamber walls, iow chambers and the absence of exhalent canals. It differs from Rhabdactinia
Yabe & Sugiyama in the presence of chamber-connecting tubes, the regularity and perforation
of chamber walls in the latter.

Type species: Guangxispongia spinalis gen. et sp. nov.,

Guangxispongia spinalis gen. et sp. nov.
(pl.12/3,5,6)

Derivatio nominis: Spinalis (la. = spiny) refers to the spiny surface of the interwalls or top
wall.

Diagnosis: Sponges large. Chambers very low. The surface of chamber walls spiny, with 25
spines in per 1 mm wide of chamber walls and 7—8 chambers in per 10 mm of height.

Section: xb33—~1-R1-3 (holotype), xb36—1—8 (paratype), xb36—1—6 (paratype).

Description: Sponges large, columnar. The holotype over 40 mm in diameter and in height.

Chambers very low. There are 78 chambers in per 10 mm of height. Chamber walls wavy.
Walls of adjacent chambers often merged and then separated. Thus, chamber walls not long.
Chamber walls coarsely and irregularly perforated. The pores in adjacent chamber walls not ar-
ranged in the same direction. The surface of chamber walls seems to be spiny, with 25 spines
(i.e., the skeletal material between adjacent pores) along per 1 mm wide of chamber walls.
Chamber walls 0.37—0.65 mm thick. Chambers hollow.

Discussion: The specimens described as Cryptocoelia 7 sp. 1 by Senowbari- Daryan (1986)
differ from the present specimens in the coarser and more regular pores in the chamber wails of
the former,
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The specimens described as Rhabdactinia irregulara by Rigby, Fan & Zhang (1989) belong
to this species. _
Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Cystospongia gen. nov.,

Derivatio nominis: Cysto (gr. = saccate) refers to the form of the chambers.

Diagnosis: Sponges generally columnar or branched, asiphonate, consisting of saccate
chambers imbricately arranged. Chambers generally hollow. Chamber walls perforated with
pores. The pores uniform in size and regularly arranged, connecting adjacent chambers.

Discussion: The new genus resembles Cystothalamia, Cystauletes, and Uvanells in gross
form. The comparison of these four genera is given below.

Genus Cystothalamia Cystanletes Cystospongia Uvanella
Form Regular Regular Regular Irregular
Central tube Present Developed Absent Absent
Chamber Irregular Regular Regular Irregular
asrangement several layers one layer
Filling Present or Absent Absent Present

- tissue absent '
Pores Regular Developed Regular Irregular

Type species: Cystospongia guang xiensis gen. et sp. nov,

Cystospongia guangxiensis gen. et sp. nov.
(. 10/4,7,8)

Derivatio nominis: The species name refers to the type locality of the species.

Diagueosis: Sponges columnar. Chambers 1.5 mm wide and 1.3 mm high, diagonally alter-
nating. Pores numerous.

Section: xb36—4—17 (holotype), xb36-4—10 (paratype), xb34—2—9 (paratype), xb30—5—13.

Description: Sponges columnar, at {east 10 mm wide and 13 mm high. Chambers peltate in
form, crescentic in longitudinal section, uniform in size, up to 1.5 mm wide and 1.3 mm high,
diagonally alternating. Chamber walls pierced by numerous pores. The pores uniform in size,
generally 0.075-0.250 mm in diameter, evenly spaced. The distance between adjacent pores
somewhat greater than the diameter of pores, generally 0.20—0.25 mm. The top walls of cham-
bers 0.20—0.25 mm thick. Chambers hollow.

Locality asd horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Suberder Siphonata nov.
Family Thaumastocoeliidae Ott, 1967
Genus Sollasia Steinmann, 1882
Diagnosis: Sponges catenulate, consisting of a series of subsphenical chambers stacked.
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Chambers imperforate, generally with some large ostia. Adjacent chambers communicated
through a cryptosiphonate central tube. Chamber walls spherulitic in microstructure.
Type species: Sollasia ostiolata Steinmann, 1882

Sollasia ostiolata Steinmann, 1882
{(pl. 11/ 4;pl. 10/ 1)

1882 Sollasia ostiolata: Steinmann, p. 151-152, pl, VI, fig. 3.

Section: xb30—2—6, xb28—4—5.

Description: Sponges catenulate, consisting of several stems from the same attachment base.
Individual stem up to 20 mm long, consisting of a series of spherical chambers stacked. The
chambers 3 mm high and 3 mm wide at the basc of stems, enlarged distally, 4 mm high and 6
mm wide at the distal ends. The boundary between adjacent chambers visible. Chamber walls
(.4—0.6 mm thick, with several ostia 0.4—0.5 mm across. The borders of ostia rimmed. The cen-
tral tube at least | mm wide,

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Follicatena Ott, 1967
Diagnosis: Sponges catenulate. Chamber walls aporate, pierced by ostia in patches (i.e.,
sieve-fieids). Chambers hollow or with vesiculae. Adjacent chambers communicated through
ostia in interwall (i.e., cryptosiphonate central tube),
Type species: Follicatena cautica Ott, 1967

Follicatena sp.
®.10/2)

Sectiom: xb33—7-2, xb33-5-1.

Description: The specimen figured is a part of a longitudinal section. Sponge catenulate.
Chambers cydariform or doliform, 6 mm high and 9 mm wide. The interior of chambers with
vesiculae. Chamber walls 0.5-0.6 mm thick. The interwalls cribriform due to presence of ostia.

Locality apd horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Sebargasiidae Laubenfels, 1955
Genus Amblysiphonella Steinmann, 1882
Diagnosis: Sponges columnar or branched, consisting of a series of discoid or subspherical
chambers stacked. Chambers hollow or with vesiculae. Chamber walls perforated. Central tube
amblysiphonate. :
Type species: Amblysiphonella barroisi Steinmann, 1882

Amblysiphonella sp. indet.
pl.i1L/7
Section: xb33—2-5.
Description: The specimen is a transversal section, with a diameter of 12 mm. Central tube
2—3 mm in diameter. Interior of chambers with vesiculae. Chamber walls and interwalls perfo-
rated, .
Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.



86 Sphinctozoans and Demosponges

Genus Dictyocoelia Ott, 1967 (= Solenolmia Pomel, 1872)
Disgnosis: Sponges catenulate. Chambers spherical or doliferm. Interior of chambers with
reticulate tissue. Central tube retrosiphonate.
Type species: Dictyocoelia manon (Munster, 1841) Ott, 1967

Dictyocoelia manon (Munster, 1841} Ott, 1967
(pl. 13/ 4)

Section: xb30—1-2.

Description: Sponge thin columnar, somewhat sinuous, 3—5 mm in diameter. Chambers
spherical to cydariform, 3—5 mm wide, 2.7-3.0 mm high. Central tube 1.0—1.3 mm in diameter.
Interior of chambers has robust reficulate tissue arranged vertically or upward radially.

Discussion: The present specimen is identical with those of Ott (1967), Senowban-Daryan
(1983) and Fois (1981). Thus, they belong to the same species.

Locality and horizom: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Dictyocoelia sp.
(l. 11/11)

Section: xb31—1-8,

Description: Sponge columnar, 8.5 mm in diameter. Chambers spherical to cydariform,
with domed top. Central tube approximately 1 mm in diameter. Reticulate tissue in chambers
arranged upward radiaily, 0.075—0.150 mm thick, 0.10—0.20 mm apart.

Discussion: The specimen differs from Dictyocoelia manon in the thinner and relatively reg-
nlarly arranged reticulate tissue.

Locslity and horizen: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Stylocoelia gen. nov.

Derivatio nominds: Styl (gr. = pillar) refers to the type of filling structure.

Diagnosis: Sponges columnar, consisting of a series of low chambers stacked. Chamber
walls perforated. Central tube small, with its wall perforated. The interior of chambers has pil-
lars perpendicular to interwalls. The pillars confined to chambers.

Discussion: The new genus differs from Diciyocoelia in the reticulate tissue in the latter. It
differs from Cryptocoelia in the absence of central tube in the latter.

Type species: Stylocoelia circopora gen. et sp. nov.

Stylocoelia circopora gen. et sp. nov.
(l.10/14;pl. 11/9;pl. 13/ 6; pl. 14/ 6)

Derivatio nominis; The species name refers to the circular pores in the chamber walls.

Diagnosis: Chambers 0.15-0.30 mm high. Pores in chamber walls numerous, evenly dis-
tributed. Pillars evenly spaced, 0.10—0.27 mm apart. Width of central tube 11-25% of that of
sponges.

Section: xb30—5-8(holotype), xb30—7—3(paratype), xb31—2—1, xb31-1-R1—4.

Description: Sponges columnar, §—-12 mm in diameier, 14-23 mm high, consisting of a se-
ries of very low chambers stacked. Two columns probably merged.

Chambers 0.15-0.30 mm high, arciform in vertical sections of sponges. Chamber walls
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0.06—0.15 mm thick, pierced by numerous circular pores. The circular pores intercommunicat-
ing two adjacent chambers, 0.12—0.25 mm in diameter, densely and evenly distributed. The pil-
lars in chambers unbranched, 0.06—0.10 mm thick, 0.10-0.27 mm apart, perpendicular to
chamber walls, confined to chambers. .

Central tube 1.3—2.0 mm in diameter, being 11-25% of sponge width, with its wall perfo-
rated.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Cystauletidae fam. nov.
Genus Cystauletes King, 1943
Diagnosis: Sponges columnar, straight or somewhat sinuous, or branched. Central tube
guadalusiphonate, extending through the length of sponges. Chambers spheric, arranged into
diagonal rows, around the central tube, in one layer. Chamber walls pierced by nurnerous pores
evenly distributed. Chambers hollow. The surface of sponges warty.
Type species: Cystatuletes mammilosus King, 1943

Cystauletes sp,
(pl. 10/ 11)

Section: xb34-2—1, xb33—6-1.

Description: Sponges slightly sinuous, colurnnar, thinner at the proximal part and the distal
part, at least 3 mm in diameter, thicker at the middle part, at least 5 mm in diameter, at least 9
mm high.

The central tube 1 mm wide at the proximal part and the distal part, at least 2.5 mm wide at
the middle part. The central tube in the same form as the sponge. Chambers spheric, uniform in
size, generally 1 mm high and 1 mm wide, arranged into diagonal rows in one layer arcund the
central tube. Chamber walls pierced by sparse small pores.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Guadalupiidae Girty, 1908
Genus Guadaiupia Girty, 1908

Diagnosis: Sponges columnar, with a guadalusiphonate central tube extending through
sponge length. Around and perpendicular to the central tube radially arranged a layer of lateral
tube-like chambers. The chambers hollow or with vesiculae. The microstructure of chamber
walls is spherulitic. Chamber walls perforated, or with sparse ostia or coarse pores.

Discussion: As pointed out by Senowbari- Daryan & Rigby (1988), the genus is originally
heterogeneous. Thus, its definition is revised herein. The revised definition does not include
those without central tube and those bowl-like in form. Consequently, its type species is replaced
by Guadalupia cylindrica Girty; 1908. 1t is also suggested that a new genus should be erected ac-
cording to the original type species.

“Type species: Guadalupia cylindrica Girty, 1908

Guadalupia minima Parona, 1933
(pl. 10/12)
1933 Guadalupia minima: Parona, p.48, tex—fig. 3.
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1986 Guadalupia minima Parona: Aleotti, Dieci & Russo, p. 222, pl. 3, fig. 1-2.

Section: xb33—3-8, xb30—5—-12.

Description: Sponges circular in cross section, 6 mm in diameter.

Central tube circular in cross section, ! mm in diameter, Chambers thin at the inner ends
and thick at the outer ends, 0.6 mm in diameter at the outer ends.

Discussion: The species is characterized by the small central tube.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
Sicily, Italy; Middle Permian.

Family Cystothalamiidae Girty, 1908
Genns Cystothalamia Girty, 1908

Diagnosis: Sponges are columnar or branched aggregation of saccate chambers. Chambers
uniform or not uniform in size, irregularly arranged into more than one layer around a
guadalusiphonate central tube. Chamber walls with ostia or perforated by coarse pores. Cham-
bers generally empty. The surface of sponges warty. '

Discussion: According to the original definition, sponges of the genus have a central tube
which extends through a sponge or is present only in the upper part of a sponge. Because of the
absence of the thin section of the original type specimens, the definition of the genus is not used
in the same sense by the later workers. For instance, the specimen described as Cystorhalamia
rana (Rigby, 1984) has no exhalent canals., Most of the specimens assigned to Cystothalamia
ramosa (Senowbari- Daryan & Rigby, 1988, pl. 32/ 7-21; pl. 35/ 11-12) have a central tube
bundle rather than a central tube.

Thus, the definition of the genus should be revised to exclude those with a central tube
bundle, or with scattered exhalent tubes / conduits, or with no exhalent canals. Consequently,
the above specimens with a central tube bundie represent a2 new genus. The specimens without
exhalent canals or with scattered exhalent tubes ./ conduits should be assigned to other new gen-
era.

Type species: Cystothalamia nodulifera Girty, 1908

Family Imbricatocoeliidae fam. nov.
Geaus Imbricatocoelia Rigby et al, 1989
Diagnosis: Sponges columnar, composed of peltate chambers arranged into more than one
layer around an imbrisiphonate central tube bundle. The chambers empty. Chamber walls per-
forated.
Type species: Cystothalamia ramosa Senowbari-Daryan & Rigby, 1988

Imbricatocoelia ramosa Senowbari-Daryan & Rigby, 1988
(pl. 10/ 6)

1988 Cysiothalamia ramosa Senowbari-Daryan & Rigby: pl. 32 /7-21;pl. 35 /1112,

1989 Imbricatocoelia paucipora Rigby etal: pl. 13 /4,6, pl. 14 / 4.

Section: xb30—5-14.

Description: Sponge columnar or branched, 6 mm in diameter and at least 10 mm high.
Chambers low, peltate in form, diagonally alternating. The top walls of chambers 6.15—0.17 mm
thick, pierced by numerous pores 0.075—0.130 mm in diameter. The distance between pores sim-
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ilar to the diameter of pores. Probably two central tubes sectioned in the axial region of the
sponge, about 0.45 mm in diameter.
Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.

Saborder Vasculata nov.
Family Tebagathalamiidae Senowbari-Daryan & Rigby, 1988
Genus Tebagarhalamia Senowbari-Daryan & Rigby, 1988

Diagnosis: Sponges columnar, with a tebagasiphonate central conduit. Chambers tube-like,
lateral, radially arranged into one layer around the central conduit. The conduit has a thick
wall. Each chamber converges into the central conduit through a small lateral converging tube
penetrating the wall of the central conduit. Chamber walls perforated or imperforated. The sur-
face of sponges commonly with secondary calcarecus materials granular or laminated in
microstructure.

Discussion: This genus differs from Guadalupia in the presence of a central conduit and
converging tubes rather than a central tube.

According to the definition, one of the specimens assigned to Guadalupia cylindrica by
Parona (1933, pl. 9/ fig. 12) and all of those assigned to Graminospongia girtyi (Parona) by
Senowbari-Daryan and Righby (1988, pl. 35/ fig. 1-10, pl. 34 / fig. 12, 13) belong to the genus
although they are of different species.

Type species: Tebagathalamia cylindrica Senowbari-Daryan & Rigby, 1988,

Tebagathalamig iamella sp. nov.
{(pl.11/3,6)

Derivatio nominis: The species name refers to the laminated microstructure of the secondary
calcareous materials.

Diagnosis: Sponges columnar. Central conduit 1.5 mm across. Chambers 0.5—1.0 mm
across, in vertical rows. Pores 0.05— 0.07 mm across. Converging tubes V-shaped, 0.15-0.37 mm
across. Secondary materials laminated.

Section: xb34-2—6 (holotype), xb31—1—R1 (paratype), xb33—5-4.

Description: Sponges columnar, 10—12 mm in diameter.

I

A B

Fig. 23 Features of Tebagathalamia lamella sp. nov. in sections. A: tangential section. Pores and the ar-
rangement of chambers are seen. B: longitudinal section, V-shaped converging tubes and laminated secon-
dary calcareous materials on the surface of sponge are seen.

Central conduit cylindrical, approximately 1.5 mm in diameter. Chambers long, sickle-like



90 Sphinctozoans and Demosponges

in longitudinal section, 0.75 mm at the inner part and 0.5-1.0 mm at the middle part in
diameter. The interior of chambers empty. Interwalls pierced by pores. Adjacent two or three
chambers intercommunicated through pores. The pores 0.05—0.07 mm across. Chambers
hexagonal in cross section at their inner ends and low hexagonal at their outer ends. Each
chamber communicated with the central conduit through a small converging tube. The con-
verging tubes V-shaped (Fig. 23), 0.15-0.37 mm in diameter. Each converging tube has its outer
end connected with the under side of the inner end of a chamber and the inner end
intercommunicated with the central conduit. The converging tubes are cut through by some far
thinner, vertical or oblique tubes. Chambers arranged in vertical rows in one layer around the
central conduit. On the surface of chambers present laminated secondary calcareous materials,
with the lamellac parallel to the surface of chambers. Chamber walls spherulitic in
microstructure.
Locality and horizow: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Tebagathalamia diagonalis sp. nov.
PL12/1,2)

Derivatio nominis; The species name refers to the diagonal arrangement of the chambers.

Diagnosis: Sponges cylindrical. Central conduit cylindrical. Chambers long, with the ratio
of length to width being 10—11. Chamber walls imperforated. Chambers rhombic in cross sec-
tions, arranged in diagonal rows. Converging tubes S-shaped. Secondary calcareous materials
granular,

Section: xb27-2-2 (holotype), xb27—2-3 (holotype).

Description: Sponges columpar, wp to 22 mm in diameter,

Central conduit cylindrical, 5.5 mm in diameter. Chambers long, rhombic in cross section,
0.75 mm in diameter, up to 8 mm in length, with the ratio of their length to width being 10—11.
Chambers hollow. Chamber walls imperforated. Interwalls one-layered, 0.05 mm in thickness.
Each chamber intercommunicated with the central conduit via a small converging tube. Con-
verging tubes 0.25—0.50 mm in diameter, 1.2—1.5 mm long, bent into the form of a lying “S”
(Fig. 24). Each converging tube has its outer end connected with the top side of the inner end of
a chamber and its inner end opening into the central conduit. The common wall between adja-
cent chambers thick, with its inner end split.

A

Fig. 24 Featuses of Tebagathalamia diagonalis sp. nov. A: tangential section, in which the arrangement of
chambers is seen. B: longitudinal section, in which S-shaped converging tubes and granular secondary
calcareous materials are seen.
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The surface of sponges coated with a layer of secondary materials of granular calcites. The
boundary between the secondary materials and chamber walls distinct. Chamber walls
spherulitic in microstructure.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genws Graminospongia Termier et al, 1977

Diagnosis: Sponges columnar, consisting of two parts: the inner part with a central conduit
and a circle of small vertical tubes surrounding the central conduit, and the outer part with lat-
eral tube-like chambers radially arranged into one layer around the inner part, Chamber walls
perforated or imperforated. The interior of chambers with or without vesiculae.

Discussion: Termier et al (1977) established the genus Graminospongia according to
Guadalupia girtyi Parona, 1933. And this is followed by Aleotti et al (1986) and by
Senowbari-Daryan & Rigby (1988). However, the specimens assigned to the genus by Termier et
al {1977) and by Senowbari- Daryan & Rigby (1988) are different from what Guadalupia girtyi
Parona is based on. They should belong to other genus. The specimens assigned to the genus by
Aleotti et al are identical with Parona’s.

The definition of the genus given by Termier et al (1977) does not include the features of the
central conduit because of the inadequate materials they used. The definition was revised by
Aleotti et al (1986), thus being perfect as above.

Type species: Guadalupia girtyi Parona, 1933

Family Vesicocaulidae fam. nov.
Genus Selidothalamia gen. nov.

Derivatio nominis: Solid (la. = solid) refers to the presence of some skeletal structure in the
central part of spoages.

Diagnosis: Sponges columnar, or conical, composed of two parts: the inner part and the
outer part. In the center of the inner part present a small central conduit somewhat irregular in
cross section. Surrounding the central conduit are short and small tubes oblique outward. In the
edge of the inner part present some vertical tubes arranged into a circle. In the outer part are
lateral tube-like chambers radially arranged into one layer around the inner part. Chamber walls
perforated or imperforated. The chambers hollow, or with vesiculae.

Type species: Solidothalamia lambdiformis gen. et sp. nov,

Solidothalamia lambdiformis gen. et sp. nov.
plL11/8pl 12/ 4)

Derivatio neminis: The species name refers to the lambdoid appearance of the inner part of
the skeletons in longitudinal sections.

Diagnosis: Sponges somewhat conical. Chambers 0.75 mm across. Interwalls 0.12—0.23 mm
thick, imperforated. Oblique tubes 0.4—0.7 mm across. Vertical tubes 0.7—0.8 mm across.

Section: xb37-B (holotype), xb27—6—12.

Description: Sponges columnar, 15 mm long, with one end thick, 7 mm in diameter, and the
other end thin, 5 mm in diameter.

Sponges consist of two parts: the inner part and the outer part. In the center of the inner
part present a small central conduit. Surrounding the central conduit are oblique thin and short
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tubes {Fig. 25). They form lambdoid configuration in longitudinal sections of sponges. In the
edge of the inner part present thin, vertical tubes arranged into a circle. In the outer part are lat-
eral chambers nephroid to doliferm, 1.5-1.7 mm long, 0.75 mm in diameter, radially arranged
around the inner part, Interwalls imperforate, 0.12—0.23 mm thick. The inner end of cach
chamber intercommunicated with the vertical tube; the vertical tubes intercommunicated with
the oblique tubes; and the oblique tubes intercommunicated with the central conduit.

Locality and horizos: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Fig. 25 Solidothalamia lambdiformis gen. et sp. nov.
in longitudinal section. Exhalent canal system is
shown.

Suborder Polyvasculata nov,
Family Polycystothalamiidae fam. nov.
Genus Polycystothalamia gen, nov.

Diagnosis: Skeletons columnar, with more than one vertical conduit scattered in a whole
sponge (polycystosiphonate). Between adjacent conduits present more than one row of saccate
chambers somewhat irregulariy arranged.

Discussion: According to the illustration, the specimen described as Cystothalamia ramosa
Senowbari-Daryan & Rigby, 1988 (pl. 35, fig. 13) belongs to this genus.

Type species: Polycystothalamia sinuoiata gen. et sp. nov.

Polycystothalamia sinuolata gen. et sp. nov,
(pl. 10/ 5)

Diagnosis: Skeletons columnar. Vertical conduits somewhat sinnous, 0.33 mm across. 3—4
rows of chambers present between adjacent conduits. Chambers (.49—0.84 mm wide.

Section: xb33-5-2 (holotype).

Description: Skeleton columnar, 10 mm wide.

In the skeleton present more than one conduit. The conduits somewhat sinuous, probably
furcated, maximally 0.33 mm across. Chambers fanlike in longitudinal sections, 0.49—0.84 mm
wide and 0.34—0.41 mm high.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Polycystothalamia sp.
(pl. 10/3,9)

Section: xb33—5—135, xb34—6-5.

Description: Sponges probably columnar, at least 6 mm in diameter and 12 mm in height.
Chambers regular, 0.75—1.30 mm across and 0.55—0.75 mm high, diagonally alternating. The
top walls of chambers 0.10~0.17 mm thick. Pores 0.05—0.12 mm across, distributed only near
the boundary of adjacent chambers. Several conduits 0.5-0.6 mm across, obliquely spaced in_
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sponges. .
Discussion: The specimen is characterized by the pores near the boundary of adjacent
chambers and the oblique conduits.
Locality and horizom: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.

Demosponges

Demosponges are very sparse in the reef of Xiangbe. Only two genera are found. One of
them is described as follows.

Class Demospongea Soltas, 1875

Order Lithistida Schmidt, 1870
Genus Mastostroma gen. nov.

Derivatio nominis: Masto (gr. = hill-like) refers to the form of the mamelons on the top sur-
face of the skeletons.

Diagnesis: Skeletons sheetlike, with hill-like processes on their top surface, Skeletons con-
sist of two kinds of skeletal elements: knots and shafts. The knots spherical, formed by fusion of
clad tips, somewhat irregularly spaced at small intervals. Each knot linked to adjacent ones
through several shafis. In the skeleton present two kinds of tubes: vertical and horizontal ones.
The vertical tubes thinner, circular in cross section. The horizontal tubes thick, circular or stellar
in cross section. They are all exhalent tubes.

Type species: Mastostroma puncriformis gen. ¢t sp, nov,

Mastostroma punctiformis gen. el sp. nov.
(pl. 14/ 4)

Diagnosis: Skeleton sheetlike. Processes large, triangular in vertical section. Horizontal
tubes 0.30—0.62 mm in diameter. Vertical tubes 0.15-0.22 mm in diameter.

Section: xb36—1-2 ¢holotype).

Description; Skeleton sheetlike, over 30 mm wide, | mm thick generally, up to 8 mm thick
at processes.

Skeleton consists of knots and shafts. Knots (.15 mm in diameter generally, irregularly
spaced, 0.02—0.15 mm apart. Each knot connected with adjacent knots via several shafts. Knots
spherulitic in microstructure,

In the skeleton present two kinds of tubes: horizontal and vertical ones. The horizontal
tubes circular or stellar in cross section, with a diameter of 0.30—0.62 mm. The vertical tubes cir-
cular in cross section, 0.15—0.22 mm ia diameter.

No epitheca on the surface of the skeleton.

Locality apd horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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6 Hydrozoans and Extrohydrozoans

Hydrozoans are also reef-building organisms in the Middle Permian reef of Xiangbo. It is
one of the most poorly studied reef-building groups of Permian, '

I. Research History

Permian fossil hydrozoans were first described by Waagen & Wentzel (1887) from Salt
Range, Pakistan. This study set up the base for the study of fossil hydrozoans. Since then, many
workers have contributed to the study of fossil hydrozoans (e.g., Reuss, 1865; Duncan, 1892;
Frech, 1890; Vinassa, 1901, 1908, 1915, 1932; Smith, 1927; Yabe & Sugiyama, 1931, 1934;
Moiseev, 1944). In 1959 a comprehensive review of Triassic hydrozoans was made by Flugel.
This is a important step in the study of the organisms. Since the 1960s, Fenninger (19635), Davies
{1971), Chuvashov (1973), and Boike (1979) have also made contributions to the description of
fossil hydrozoans. Up to now, about 23 genera of fossil hydrozoans have been described, Of
them, only 11 are from Paleozoic. However, not all of the described fossil hydrozoans are real
hydrozoans. Which of them are real hydrozoans? What are the standards for distinguishing real
hydrozoans from other similar non-hydrozoan organisms? The answer lies in the understanding
of characters of known Recent and fossil hydrozoans.

I1. Characters of Hydrozoans

Qur knowledge on living hydrozoans is the source of the understanding of fossil
hydrozoans.

Hydrozoans are a group of colonial coelentrata, Living hydrozoans have a living habit sim-
ilar to that of colonial corals. That is, one hydrozoan consists of many zooids. The zooids in a
hydrozoan can be differentiated into three types: gastrozooids, gonozooids, and dactylozooids.
In most cases each zooid secretes a zooecium which is generally tubiform. In case that the
2ooids are differentiated, the zooecia of gastrozooids are known as gastropores; those of
gonozooids are known as ampulla; and those of dactylozooids are called dactylopores.

The skeleton secreted by a hydrozoan is known as coenosteum. A coenosteum generally
consists of coenenchyme secreted by coenosarc and zooecia embedded in the coenenchyme.
The coenenchyme is generally porous, or built of rod-like skeletal elements. The longitudinal or
radial rods are called longirods or radirods. The concentric or lateral rods are called
concentrirods or latirods. The zooecia are generally tubiform, atabuiate or tabulate. This is also
the case in corals. In some cases, the gastropore has a columnar structure in its axial part. This
columnar structure is called gastrostyle. It is clear that the zooecia of hydrozoans are analogous
to the calices of corals. Unlike hydrozoans, however, corals do not have coenenchyme generaily.
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Therefore, fossil hydrozoans can be recognized according to: (1) the presence of zooecia, (2)
the presence of coenenchyma, gastrostyles, and tabulae, and (3) the absence of the water canal
system and spicules. According to these standards, only a small number of previously described
hydrozoans, totally 7=15 genera are real hydrozoans, They are Heterastridium Reuss, 1865,
Disjectopora Waagen & Wentzel, 1887, Irregulatopora Waagen & Wentzel, 1887, Astrostylopsis,
etc. Of them, only 3—9 genera are from Permian.

I11. Relationship between Stromatoporoids and Hydrozoans

Stromatoporoids are an old morphological group including all those organisms composed
of pillars or the like and transversal skeletal elements such as laminae, dissepiments and
crossbars (with the same definition as in Chapter 3). Stromatoporoids are generally related to
hydrozoans. To understand hydrozoans, the relationship between stromatoporoids and
hydrozoans is an unavoidable preblem to be solved.

Stromatoporoids are all fossils. They are included in one group not because of their affini-
ties but their similarity in skeletal construction in case that their taxonomical positions are diffi-
cult to determine.

According to their skeletal construction, stromatoporoids can be divided into three types:
pillar-lamina- structured, pillar-dissepiment-structured, and pillar-crossbar- structured ones (all
with the same definitions as in Chapter 3). It is known that some stromatoporoids have general-
Iy tabulated small tubes in their skeletons, and some other stromatoporoids have astrorhizae in
their skeletons. The astrorhizae in some stromatoporoids may be tabulated. The astrorhizae of
stromatoporoids are interpreted to be zooecia of hydrozoans by some researchers.

Stromatoporoids have been regarded as hydrozoans by most researchers (e.g., Lecompte,
1951-1952, 1956; Galloway, 1957; Mori, 1970; Boiko, 1979 } since Carter first placed the organ-
isms in Class Hydrozoa in 1877. A few scholars als¢ consider them as other organisms (e.g.,
Rosen, 1867; Kirkpatrick, 1911, 1912; Parks, 1935; Kazmierczak, 1976, 1981).

In recent decades, a Poriferan affinity for the group is maintained by Stearn (1972, 1975,
1983).

More recently, convinced spicule evidences have been found in some Mesozoic
stromatoporoids (Wood & Reitner, 1986; Reitner, 1987). And these stromotoporoids have been
moved into Porifera naturally.

The updated viewpoint is that stromatoporoids are a polyphyletic group rather than a
homogeneous one (e.g., pers. comm.: Wood, 1990} .

It seems that this group includes sclerosponges, demosponges, hydrozoans and some other
unknown organisms. Thus, the taxonomy of stromatoporoids should not be be simply treated
because different families or genera of the group may belong to different natural taxa. We
should approach their taxonomy at family or even generic level. Not all stromatoporoids belong
to hydrozoan; not all stromatoporoids belong to sclerosponges or demosponges either.

The stromatoporoids without zooecia and previously included in hydrozoan are in reality
not hydrozoans. Thus, they should be driven out from hydrozoan. On the other hand, the or-
ganisms even with typical stromatoporoid construction, such as Permostroma gen. nov., should
be included in hydrozoan in the presence of zooecia.

Not all astrorhizae are zooecia, especially those dendroid or irregular in form. Thus, these
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organisms are not hydrozoans. On the other hand, astrorhizal structure in some
stromatomorphs such as Heptastylis Frech, 1890 may be zooecia. And these organisms can be
bydrozoans.

According to the features of their skeletons, Sphaeractinidae, Palacoaplysinidae and most
Spongiomorphidae are not hydrozoans. Therefore, they should be removed from hydrozoans.
To contain these organisms, the term extrohydrozoan is suggested, which is defined to include
all those organisms previously included in hyd-ozoans but later found noi to be real hydrozoans
and different from typical stromatopeoroids.

Table 7 illustrates the differences between hydrozoans, sclerosponges and inozoans.

Table 7 Comparison of hydrozoans with some other groups

Feature Sclerosponges Hydrozoans Inozeans

Soft tissue On top part of skeletons On top of Skeletons In a whole skeleton

Canal system Commonly absent Absent Present

Astrorhizae In some genera In some genera Absent

Zooecia Absent Present Absent

Spicules Siliceous Absent Calcareous
Acanthostyles Triactines
Acanthostrongyles Tetractines
Tylostyles
Spirasters

Skeletons Tube-constructad Zooecia and Fibre-constructed
Pillar-constructed coenenchyme
Fibre-constructed

Calcifillings In lower part of skeletons Absent Absent

IV. Classification

The class Hydrozoa was established by Owen (1943). He divided the class into two
subclasses: Hydroidea and Siphonophoria. Since then, many researchers have contributed to the
classification of Hydroidea (Chudinova, 1962; Lecompte, 1956; Flugel, 1959, 1979). However,
most of their classifications have a common shortcoming, i.e., inclusion of some
extrohydrozoans. More reasonable classification should be on the basis of only real hydrozoans.
It should be noted that Flugel (1959) has had the idea to distinguish real hydrozoans from pos-
sible hydrozoans or other uncertain organisms.

On the basis of all previous classifications a new classification is suggested as follows.

Class Hydrozoa Owen, 1843
Subclass Hydroidea Owen, 1843
Order Hydroida Dana, 1846

tr

—
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Diagnosis: Skeletons consist of coenenchyme and zooecia. Zooecia polymorphic or not,
atabulate.
Family Disjectoperidae Tornquist, 1961
Disgnosis: Skeletons consist of coenenchyme and zooecia. Zooetcia atabulate, not
polymorphic.
Representative; Disjectopora Waagen & Wentzel, 1887
Family Heterastridiidac Reuss, 1865
Diagnosis: Skeletons consist of coenenchyme and zooecia. Zooecia atabuiate, polymorphic.
Representative: Heterastridium Reuss, 1865
Order Hydrocorallida
Diagnosis; Skeletons consist of coenenchyme and zooecia. Zooecia have tabulae or
gastrostyies.
Family Milleporidae Milne-Edwards, 1860
Diagnosis: Skeletons consist of coenenchyme and zooecia, Zooecia tabulate, polymorphic.
Representative: Millepora
Family Axoporidae
Diagnosis: Skeletons consist of coenenchyme and zooecia. Zooecia have gastrostyles,
polymorphic.
Family Stylasteridae Gray
Diagoosis: Skeletons branched, consisting of coenenchyme and zooecia. Dactylopores ar-
ranged into cyclosystem around gastropore.
Representative: Sty/aster Gray
Exirchydrozoan
Definition; The term includes all fossils previously included in hydrozoan and presently
found not to be hydrozoan and different from typical stromatoporoids. It includes the
following.
Family Sphaeractinidae Waagen & Wentzel, 1887
Diagnosis: Skeletons consist of conceniric skeletal elements which are defined as
concentrirods herein and radial skeletal elements which are defined as radirods.
Family Spongicmorphidae Frech, 1890
Disgnosis: Skeletons consist of longitudinal skeletal elements called longirods. Transversal
skeletal elements called latirods not developed. Regular astrorhizal structure absent.
Family Palacoaplysinidae
Diagnosis: Skeletons sheetlike, having irregular canal system. Two genera are included:
Palaeoapiysina and Ditabulipora gen. nov.

V. Paleoecology

Hydrozoans can serve as framers and dwellers in the reef of Xiangbo. They can reach large
size in baffled facies. Their content is relatively higher in baffied facies and prebaffled facies than
in framed facies, especially typical framed facies. Thus it can be deduced that hydrozoans prefer
a somewhat lower energy environment than sclerosponges, inozoans and sphinctozoans do.
Hydrozoans can account for only 2.2-12.9% of the main reef-builders in the reef of Xiangbo.
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VI Systematic Description

Order Hydroida Dana, 1846
Family Disjectoporidae Tornquist, 1901
Genus Cancellistroma gen. nov.

Derivatio nominis: Cancelli (Ia. == treillage) refers to the arrangement of skeletal elements.

Diaguosis: Skeletons generally ramose, consisting of radirods and concentrirods. Radirods
and concentrirods intersect at right angle, forming a regular meshwork. Concentrirods generally
discontinuous, not forming concentric layers. Some small tubes, probably zooecia, radially em-
bedded in the meshwork. No epitheca on the surface of skeletons.

Discussion: The genus differs from Disjectopora in that there are at least two kinds of tubes:
vertical and transversal ones in the skeletons of the latter. The genus differs from
Spongiomorpha and Stromatomorpha in the absence of zooecia in the last two genera.

Type species: Cancellistroma ramosa gen. et sp. nov.

Cancellistroma ramosa gen. et sp. nov.
(pl. 15/ 1)

Derivatio nominis: The species name refers to the form of the skeletons.

Diagnosis: Skeletons ramose. Radirods more developed than concentrirods, The intersec-
tions of radirods and concentrirods thickened. Radirods and concentrirods 0.07—0.10 mm thick,
0.15 and 0.20 mm apart respectively.

Section; xb27-B-3 (holotype). _

Description: Skeleton ramose, 12 mm in diameter before furcation and 9 mm in diameter af-
ter furcation.

Radirods relatively continuous. Concentrirods discontinuous. Skeleton thickened at the in-
tersections of radirods and concentrirods. Concentrirods not arranged into concentric layers. In
some places, concentrirods not developed. Radirods and concentrirods 0.07—0.12 mm thick.
Radirods and concentrirods spaced at uniform intervals, 0.15 mm and 0.20 mm apart
respectively. Radirods and concentrirods intersect at right angle, forming meshwork. Most of
the meshes close.

Some small tubes radially arranged in the meshwork, with a diameter of 0.37 mm. They can
be zooecia.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Cancellistroma divuisa gen. et sp. nov.
(plL.15/2)

Derivatio nominds: Divolsus (la. = fissured) refers to the form of the tubes in longitudinal
section.

Diagnosis: Radirods thicker than concentrirods. Radirods spaced at greater intervals than
concentrirods, thus forming rectangular meshes in longitudinal sections. Concentrirods con-
fined to radirods, not forming concentric layers.

Section: xb27-B—6 {paratype), xb36—4—3 (holotype).

Description: Skeletons columnar or rameose, 8—10 mm in diameter. Radirods 0.05-0.13 mm
thick, 0.10—0.22 mm apart. Concentrirods 0.03—0.07 mm thick, 0.05—0.12 mm apart. Radirods

-
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and concentrirods intersect at right angle, forming regular meshwork. The meshes rectangular,
laterally or transversally extend. Skeletons pointlike or reticulate in cross section.

In the meshwork present some small tubes parallel to radirods. They can be zooecia. The
small tubes enlarged outward in diameter, up to 0.50—0.65 mm at the outer part of skeletons.

No epitheca on the surface of skeletons.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Concentrisiroma gen. nov.

Derivatio nominis: The generic name refers to the development of concentric skeletal ele-
ments.

Diagnosis: Skeletons spherical, consisting of concentric plates and the pillars perpendicular
and confined to the concentric plates. Pillars sparse. Concentrical plates perforated, thickened at
their junctions with pillars. In the skeletons present two kinds of tubes: radial and concentric
ones. They may be zooecia. Either kind of the tubes long, arranged in the same direction. The
edges of adjacent concentric plates overlap, forming pseudoepitheca.

Discussion: The new genus differs from Disjectopora in the undeveloped radial skeletal ele-
ments and developed concentric skeletal elements in the former.

Type species: Concentristroma eucalla gen. et sp. nov.

Concentristroma eucalla gen. et sp. nov.
(pl. 14/5)

Derivatio nominis: Eucallus (la. = beautiful) refers to the appearance of skeletons in sec-
tions.

Diagnosis: Skeletons domed, massive, regular in form. Concentric plates regular, 0.10~0.12
mm apart, perforated. Pillars sparse, confined to concentrical plates. Radial tubes 0.30—0.42
mm in diameter; lateral tubes 0.25—0.41 mm across.

Section: xb35—8-9 (holotype).

Description: Skeleton domed, 8 mm thick, encrusting on other organism.

Fig. 26 Vertical section of Concentristroma eucalla gen. et sp. nov.
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Skeleton consists of concentric plates and radial pillars. Concentric plates regular, spaced at
an interval of 0.10—0.12 mm. Radial pillars sparse, confined to and perpendicular to concentric
plates, spaced at an interval of 0.08—0.12 mm minimally. Concentric plates thickened at the
junctions with pillars, pierced by numerous pores. The pores 0.08—0.12 min apart generally,
making concentric plates dotted-line-like in vertical section.

In the skeleton present two kinds tubes: radial and lateral tubes (Fig. 26). They may be
zooecia. All of them circular in cross section. The radial tubes 0.30—0.42 mm in diameter,
spaced 0.50—1.0 mm apart. The lateral tubes 0.25-0.41 mm in diameter, extending in the same
direction, in some places intersecting with the radial tubes. Some lateral tubes smailer in diame-
ter, only 0.15 mm across.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Pem:uan Maokou Stage.

Gemus Tritubulistroma gen. nov.
Derivatio mominis: The generic name refers to the presence of three type of tubes in the skel-
etons.
Diagnosis: Skeletons mushroomlike, consisting of rods arranged into irregular meshwork.
In skeleton present tubes of all three sizes. They irregularly arranged. They can be zooecia.
Type species: Tritubulistroma irregularis gen. et sp. nov.

Tritubulistroma irregularis gen. et sp. nov.
(Pl 14/2)

Derivatio nominis: The species name refers to the irregularity of the rods.

Diagmosis: Skeletons mushroomlike. Rods thin, various in diameter. Three types of tubes
0.5 mm, 0.38 mm, and 0.2 mm in diameter respectively.

Section: xb28—4—6 (holotype). .

DPescription: Skeleton mushroomilike, 38 mm high, 30 mm wide.

Skeleton consists of rods. Rods not uniform in diameter, ranging 0.05-0.12 mm thick,
thickened at intersections, arranged into irregular meshwork. The meshes generally 0.08—0.20
mm in diameter,

Tubes of all three sizes irregularly scattered in the skeleton, 0.05 mm, 0.38 mm and 0.20 mm
in diameter respectively.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Tritubulistroma sp.
{pl.15/3)

Section; xb30—2~7.

Description: Skeleton mushroomlike, 15X 17 mm in size in an oblique section.

Skeleton consists of rods arranged into meshwork. Rods generally 0.10—0.13 mm in diame-
ter, commonly 0.20—0.25 mm apart, irregularly arranged in the cross section of the skeleton.

In the skeleton present two kinds of tubes: horizontal and vertical ones. The horizonta)
tubes 0.70—0.75 mm in diameter. The vertical tubes 0.40—0.75 mum in diameter. Besides, a circle -
2.5 mm in diameter sectioned in the cross section of the skeleton. It may be ampuila.

Locality and horizom: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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Genus Fungistroma gen, nov,

Derivatio nominis: Fung (Ia. = mushroom) refers to the form of the skeletons.

Diagnosis: Skeletons mushroomlike, consisting of radial plates upward radially arranged.
Radial plates perforated, thus discontinuous in vertical sections of skeletons. Horizontal skeletal
elements undeveloped. Skeletons reticulate in horizontal section, with the meshes close and
irregular in outline. In the skeletons present the horizontal tubes of all three sizes. They can be
zooecia.

Discussion: The genus differs from Tritubulistroma in the developement and regularity of
radial plates and the undevelopment of horizontal skeletal elements in the former.

Type species: Fungistroma daemonia gen. et sp. nov.

Fungistroma daemonia gen. et sp. nov.
pl.15/4)

Diapnosis: Skeletons mushroomlike. Radial plates 0.12—0.22 mm apart. Three kinds of
tubes perpendicular to the side surface of skeletoas, 0.22 mm, 0.40 mm and 0.60 mm in diameter
respectively.

Section: xb33~-5~1 (holotype), xb33—5-2 (paratype).

Description: Skeletons mushroomlike, 25 mm wide and at least 20 mm high.

Radial plates upward radially arranged, forming small canals. Radial plates 0.07 mm thick,
pierced by numerous pores, discontinuous in the vertical sections of skeletons. The pores
0.05—0.20 mm across, generally 0.08—0.10 mm in diameter. Adjacent radial plates 0.12—0.22
mm apart. Horizontal skeletal elements undeveloped. Skeletons like irregular meshwork in hori-
zontal section, with most meshes close.

Three kinds of tubes 0.22 mm, 0.40 mm and 0.60 mm in diameter respectively, thh general-
ly discontinuous walls, irregularly scattered in the skeletons.

Locality and horizon: Recf of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Order Hydrocorallida
Family Milleporidae
Genus Permostroma gen. nov.

Derivatio nominis: The generic name refers to the first occurrence of the genus in Permian,

Diagnosis: Skeletons massive, consisting of vertical pillars and horizontal taminae. The
laminae thin, wavy. In skeletons present numerous vertical zooidal tubes. The zooidal tubes
tabulated. In the top surface of skeietons present a dendroid astrorhiza.

Discussion: The genus has a pillar-lamina-structured skeleton typical of stromatoporoids.
Thus, it is a stromatoporoid. On the other hand, the presence of zooidal tubes (that is, zooecia)
indicates that it is also a hydrozoan. Therefore, it can be concluded that (1) hydrozoans can
have a pillar-lamina-structured skeleton, and (2) hydrozoans can have astrorhizae in their top
surface. Therefore, this genus is a bridge connecting stromatoporoids and hydrozoans.

Type species: Permostroma sinensis gen. et sp. nov.

Permostroma sinensis gen. et sp. nov.
(pl. 14/ 1)
Derivatio nominis: The species name refers to the first report of the species from China.
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Diagnosis: Laminae very thin, wavy, continuous. Pillars 0.17—0.25 mm apart. Dendroid
astrorhiza present in the top surface of skeletons. Zooidal tubes (1.37—0.62 mm wide.

Section; xb3(0—5-5 (holotype).

Description: Skeleton large, probably massive, at least 20 mm thick and 35 mm wide,

Vertical pillars thick, .10—0.17 mm in diameter, (0.17—0.25 mm apart. Horizontal laminae
very thin, 0.05-0.08 mm thick generally, dark and linear in the vertical sections of skeletons un-
der microscopes, ranging 0.12—0.15 mm apart, wavy, long and continuous laterally, crossing a
lot of pillars. In some places, pillars and lamellae arranged into irregular meshwork, with
meshes irregular in outline and (.17—0.22 mm in size.

Numerous vertical tubes present in the skeleton, circular in cross section, tabulated, with a
diameter of 0.37—0.62 mm. They should be zooidal tubes. The tabulae 0.20—0.30 mm apart,
continuous with the laminae in the surrounding part of the zooecia.

The top surface of skeletons flat, with a dendroid astrorhiza. The canals of the astrorhiza
have a maximal diameter of 5 mm.

The pillars trabecular in microstructure, recrystallized. The laminae include three layers in
the vertical section: a micritic middle layer, a trabecular lower layer and a trabecular upper
layer, :

No epitheca on the surface of the skeleton.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Extrohydrozoans

Family Palacoaplysinidae
Gemus Ditabulipora gen. nov.

Derivatio mominis: Di (gr. = double) and tabu (la. = plate) refer to the double-layered con-
struction of skeletons.

Diagnosis: Skeletons sheetlike, consist of two layers: a basal layer at the bottom and a body
layer on the former, The basal layer thin, constant in thickness, pierced by numerous pores. The
body layer thick, comprising most part of a skeleton. It can be divided into three parts
vertically: a thin lower part, a middle part, and a thick upper part. The low part very thin,
imperforated; the middle part slightly thicker, with horizontal canals extending in the same di-
rection and circular or jrregular in cross section; and the upper part the thickest, with an
irregular canal system within it. In horizontal sections, the canal system vermiform, extending in
the same direction, furcated and merged repeatedly. In the vertical sections normal to the direc-
tion in which the canals system exiend laterally, the canal system vertically stretch, not furcated,
enlarged upward, making the skeletal material between them high dentiform. The soft tissue can
be on the top surface of this layer in life.

Skeletons recrystallized into calcites, without what is called “cellular structure” or “porous
structure”. '

Discussion: Krotow (1888) established Palgecaplysina. The new genus resembles
Pglacoaplysina in growth form and the presence of canal system. Thus, they can have some af-
finities. The differences between them lie in: (1) Palaeoaplysina consists of one layer while the
new genus consists of two layers, (2) the canals in Palaeoaplysina furcate and taper upward
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while the canals in the new genus furcate and enlarge upward, (3) the skeletal material between
canals can be of cellular structure (Davies et al, 1973) or porous structure in Pglacoaplysina
while they do not have those structures in the new genus, and (4) the canals in Palgeoaplysina
can be tabulated while they are atabulated in the new genus.

Palaeoaplysina was included in the family Palaeoaplysinidae which was placed in Class
Hydrozoa by Chuvashov. Some rescarchers have had different opinions. Nevertheless, most of
them agreed on the placement of the genus in Class Hydrozoa. The current dispute is about its
position in Class Hydrozoa. Ditabulipora is similar to Palaeoaplysina. Thus, they belong to the
same family Palaeoaplysinidae. Ditabuliporg and Palaecaplysina are peculiar in growth form
and construction. Therefore, they represent a family independent of other organisms. Because of
the absence of zooecia, the family should not be included in Class Hydrozoa. It is placed in
extrohydrozoan temporarily.

Type species: Ditabulipora longidens gen. et sp. nov.

Ditabulipora longidens pen. et sp. nov.
(. 11/L;pl.13 /2,3;pl. 14 /3)

Derivatio nominis: Longidens (la. = denticular) refers to the appearance of skeletons in the
vertical sections.

Diagnosis: Basal layer 0.04—0.09 mm thick, pierced by cylindrical pores irregularly ar-
ranged. Body layer 0.12—0.15 mm away from basal layer, with its lower part 0.03—0.04 mm
thick. The canals in the middle part of the body layer 0.05~0.16 mm across. The canals in the
upper part of the bady layer 0.03—0.06 mm wide,

Section: xb35~8—12 (holotype), xb35—8-11 (paratype), xb36—4—11, xb27-5.

Description: Skeletons sheetlike, wavy, several mm thick and several cm wide generally, not
uniform in thickness, probably grown into two layers at their periphery,

Skeletons consist of a basal layer at the bottom of skeletons and a body layer as the main
part of skeletons (Fig. 27). The basal layer 0.04—0.09 mm thick, pieced by cylindrical pores. The
pores normal to the surface of the basal layer, 0.02—0.03 mm across, irregularly and more or less
evenly arranged, generally 0.03—0.06 mm apart.

R
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Fig. 27 Reconstruction of Ditabulipora longidens gen. et sp. nov.

The body layer 0.12—0.15 mm away from the basal layer. The skeletal structure connecting
the basal layer and the body layer is unknown. The body layer includes three parts: a lower part,
a middle part and an upper part. The lower part thin, 0.03—0.04 mm thick, imperforated, with
its under surface smooth. The middle part thin, with horizontal canals in it. The canals circular
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or irregular in cross section, (0.05—0.10 mm in diameter. The upper part the thickest, generally
measuring several mm thick, with irregular canal system within it. In the horizontal sections of
skeletons, the canal system vermiform, extending roughly in the same direction, furcated and
merged repeatedly. Adjacent canals can be connected via short canals. In the vertical sections
normal to the directions in which the canals laterally extend, the canals vertically extend,
subparallel to each other, not furcated generally, enlarged upward, and opening into the top sur-
face of skeletons. In this kind of sections, the canals 3.03—0.96 mm wide at their base, up to 0.1
mm wide at their upper ends; the skeletal materials between the canals high dentiform, about
0.03—0.06 mm wide at their base.

Skeletons recrystallized into calcites, lacking cellular structure or porous structure.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Sphaeractinidae Waagen & Wentzel, 1887
Sphaeractinidae gen. indet.
{pl.13/5)

Section: xb30—7-2.

Description: Skeleton low columnar, 19.5 mm high and 20 mm in diameter.

Skeleton consists of concentric layers and radial pillars. Concentric layers relatively contin-
vous. Radial pitiars less developed, mostly confined to concentric layers. In longitudinal sec-
" tions of the skeleton, concentric layers dotted-line-like. The pointlike skeletal materials of adja-
cent concentric layers can be arranged into radial rows, resulting in canals penetrating several
concentric layers. Radial pillars sparsely and irregularly scattered. Concentric layers 0.10-0.25
mm thick, 0.4—0.5 mm apart. The pointlike skeletal materials 0.3-0.5 mm apart in concentric
layer. : .

The lately formed concentric layers can meet previously formed ones at small angles.

Discussion: The specimen is similar to sphinctozoans in skeleton copstruction. However, the
change of concentric layers in growth directions has not been observed in sphinctozoans.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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7 Bryozoans

I, Paleoecology

Bryozoans are accessory reef. building organisms in geologic time. In ancient reefs, bryo-
zoans can serve as: (1) framers, (2) encrusters, (3) baffiers, and (4) sediment producers (Cuffey,
1976). In the reef of Xiangbo, bryozoans mainly function as: (1) encrusters, and (2) dwellers.
Some bryozoans can be framers.

Table 8 Function and distribution of bryozoans in the reef of Xiangbo

Function Orders and commion genera Distribution

Framers (locally) Fenestrida Framed facies
Fenestella
Ramose Eridopora

Encrusters Cystopornida Framed facies
Dybowskiella Baffled facies
Fistulipora
Encrusting Eridopora

Dwellers Fenestrida Framed facies
Fenestelia Baffled facies
Polypora Prebalffled facies

Rhabdomesonida

Rhabdomeson
Ascopora

In the reef of Xiangbo, cystoporid bryozoans such as Dybowskiella and Fistulipora are
encrusters. Encrusting on framing sponges, they are important encrusters accessory to only
Archaeolithoporella. Fenestrid bryozoans such as Fenestella and Polypora and Rhabdomesonid
bryozoans are dwellers. Some fenestrid bryozoans such as Femestells donaica and a few
cystoporid bryozoans such as Eridopora are framers occasionally. In this case they are generally
ramose and encrusted by Tubiphytes. The palececology of bryozoans in the reef of Xiangbo is il-
lustrated in Table 8.

Classification of bryozoans by Gorjunova & Morozova (1979) is followed herein.



106 ~ Bryozoans

I1. Systematic Description

Order Cystoporida Astrova, 1964
Suborder Fistuliporina Ulrich, 1882
Family Fistuliporidae Ulrich, 1882
Genus Fistulipora McCoy, 1850
Diagmosis: Zoaria massive, ramose or encrusting. Zooecia commonly have diaphragms.
Vesicles present between zooecia. Lunaria undeveloped.

Fistulipora sp. indet.
(pl.16/2)

Section: xb33—1—-10.

Description; Zoaria sheetlike, encrusting on other organisms, composed of tubiform
zooecia and vesicles between the zooecia, with a thickness of up to 2.5 mm. Zooecia 0.30—0.37
mm across, with diaphragms flat or concave and 0.12—0.25 mm apart. The vesicles fat, 0.075
mm high, regularly arranged into generally one row. Zooecial wall composed of a micritic mid-
dle layer and two trabecular side layers (orthogonal).

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Dybowskiella Waagen & Wentzel, 1886
Diagnosis: Zoaria ramose, massive or encrusting, composed of zooecia and the vesicles be-
tween zooecia. Diaphragms generally undeveloped in zooecia. Lunaria developed, making
zooecia trisected.

Dybowskiella sp.
(rl.17/1,4)

Section: xb27—8-2, xb33—1-8.

Description; Zoaria encrusting on other organisms, up to 5 mm in thickness. Zooecia
trumpet-shaped, somewhat sinuous, increasing in diameter distally, 0.2 mm across at the
proximal end and 0.45—0.50 mm wide at the distal end. Lunaria distinct, accounting for 1 / 4 to
1/ 3 of zooecia in zooecium cross section, with two side ends projecting into zooecia, making
zooecia irisected. Zooecia without diaphragms. Vesicles regular in form and arrangement, not
uniform in size, small at the base of zoaria, enlarged toward the upper surface of zoaria, general-
ly tetragonal or pentagonal in vertical section, commonly 0.075—0.150 mm wide, arranged into
one or two regular vertical rows between zooecia.

Discussien: The specimens resemble Fistulipora timorensis Bassler, 1929 in growth form, the
absence of diaphragms, the form of vesicles, and the size of lunaria. The difference between
them lies in the bigger zooecia and the lack of thickening of the lunaria in the present specimens.
The present specimens differ from Dybowskiella hubeiensis Yang, 1956 in the more rows of more
regular vesicles in the former.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Eridopora Ulrich, 1882
Diagunosis: Zoaria ramose or encrusting, composed of zooecia and vesicles. Apertures in-



Bryozoans 107

clined. Lunaria project into zooecia, making zooecia trisected in cross section. Zooecia can have
diaphragms.
Eridopora sp. indet.
(PlL16/3)

Section: xb30—8—1.

Description: Zoaria ramose. Zooecia iscsceles triangular in cross section. Vesicles small,
approximately rectangular.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Eridopora sp.
(pl.17/2)

Section: xb27—2—1, xb28—4—4,

Description: Zoaria encrusting or hollow columnar. Zooecia narrow coniform, slightly
curved at proximal end. Lunaria U-shaped in cross section, accounting for 2 / 3 of zooecial
cross section. Lunaria and anterior zooecial wall form triangular configuration. Zooecia about
0.25 mm in diameter, lacking diaphragms. One to two rows of vesicles present between zooecia.
Vesicles 0.07—0.17 mm wide, imbricately arranged.

Locality and horizen: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Order Fenestrida Gorjunova & Morozova, 1979
Family Fenestellidae King, 1850
Genus Fenestellg Lonsdale, 1839
Diagnosis: Zoaria fenestrate, composed of branches and dissepiments. Each branch has two
rows of zooecia separated by a carina,

_ Fenestella donaica (Lebedev)

Diagnosis: Zoaria doliform. In the tangential sections near the upper surface of zoaria,
zooecia trapezoid, alternating, arranged into two rows in the branch. In deep tangential sections
of zoaria, zooecia triangular, with angles rounded, arranged into only one row.

Discussion: The sections with different distances from zoaria surface in the species show dif-
ferent features. This causes their assignment to even different genera by some authors. After
restudying them, Lebedev (1927) placed them in Fenestefla, and divided the species into three
subspecies according to the size of fenestrules. In the 1950s some researchers regarded them as
species. They are still considered to be subspecies herein.

Fenestella donaica subsp.
_ (pl. 16 / 4)

Section: xb35-1-2.

Description: Zoaria regular fenesirate. Branches 0.20 mm wide. Fenestrules oval, 1.0—~1.5
mm long and 0.37-0.50 mm wide. 6—8 fenestrules along per 10 mm of branch. In deep
tangential sections of zoaria, zooecia isosceles triangular to trapezoid, 0.15 mm in size, arranged
into one row.

Discussion: The specimen differs from all known subspecies in the less fenestrules along per
10 mm of the branch.
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Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Fenestella sp. indet.
(pl. 17/ 5)
Section: xb33—1-8, xb35—1—2.
Description: Zoaria fenestrate, Branches (.36 mm in diameter. Fenestrules subcircular, 0.45
% €.50 mm in size. In each branch and dissepiment present two rows of zooecia. Zooecia circu-
lar in cross section, 0.06-0.12 mm in diameter. '
Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Polypora McCoy, 1844
Diagnosis: Zoaria fenestrate, consisting of branches and dissepiments. Branches lack
carina, with 3—6 rows, sometimes up to 8 rows of zooecia.

Polypora guang xiensis sp. nov.
{pl. 18/3)

Derivatio nominis: The species name refers to the type locality of the species.

Diagnosis: Zoaria fenestrate. Zooecia arranged into transversal rows in branches. Each row
has 435 zooecia. The zooecia in adjacent rows decussate, Adjacent transverse rows separated by
a separator.

Section: xb28—4-7 (holotype), xb27—2-2.

Description: Zoaria fenestrate. Branches 1.80 mm wide. Fenestrules oval, 1.5-1.7 mm wide,
with their long axis parallal to branches. Branches and dissepiments similar in diameter.
Zooecia in branches arranged into transverse rows. Each transversal row has 4—5 zooecia. Ad-
jacent transverse rows separated by a separator. Zooecia in adjacent transverse rows alternating.
Zooecia square or subcircular ih cross section, 0.25 mm in diameter. Common walls between
zooecia 0.05 mm thick. Zooecia in paratype 0.12x 0,12 to 0.12 X 0.22 mm in size.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Polypora sp.
(rl. 18/2)

Section: xb33—5-15.

Description: The specimen is a part of a tangential section. At least two longitudinal rows of
zooecia present in each branch. Zooecia oval or elongate in cross section.

Discussion: The zooecial arrangement typical of the genus makes it possible to assign the
specimen into the genus.

Locality and horizon: Reef of Xiangho, Longlin, Guangxi; Middle Permian Maokou Stage.

Fenestellidae gen. et sp. indet.
(pl. 17/ 6)
Section: xb33—7-3, xb36—4-3.
Description: The specimens are the cross sections of branches, subcircular, 0.88 mm wide.
In the cross section, four zooecia symmetrically arranged, separated by a carina. The carina be-
comes thinner upward. Above the carina present the fifth zooecium. Zooecia enlarged distally,
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generally 0.15 mm in diameter.
Locality and horizow: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Order Rhabdomesonida Gorjunova & Morozova, 1979

Family Rhabdomesonidae Vine, 1883

Genus Ascopora Trautschold, 1876
Diagnosis: Zoaria ramose, commmonly branched, composed of primary zooecia in axial re-
gion and secondary zooecia in surrounding region. The primary zooecia parallel to each cther.
The secondary zooecia bud from the primary zooecia, differentiating into an inner immature re-
gion and an outer mature region. In the immature region, zooecia can have diaphragms;
zooecial wall thickened. In the mature region, aperture oval, arranged into longitudinal rows
and diagonal rows. Large acanthopores present between zooecia, reaching the upper surface of
Zoaria as processes. Small acanthopores present between large acanthopores, not reaching

zoaria surface.

Ascopora of. quadritubulata Xia & Liu, 1986
(pl. 18/ 6)

Section: xb33—8—2.

Description; Zoaria ramose, circular in cross section, with a diameter of 1.5 mm. Primary
zooecia numerous, triangular in cross section, forming a cylinder (.5 mm across in the axial re-
gion of zoaria. Secondary zooecia bud from the primary zooecia at a small angle, then curved
outward, finally perpendicular to zoaria surface. Secondary zooecia circular in cross section,
0.15 mm in diameter. Zooeciali apertures arranged into longitudinal rows. One Jlarge
acanthopore present between adjacent zooecia, projecting above the zoaria surface. Several
small acanthopores present between large acanthopores, not reaching the zoaria surface,
Zooecial walls 0.02 mm thick in immature region, thickened to 0.05 mm in mature region.

Discussion: The present specimen resembles those described by Xia & Liu in 1986.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Rhabdomeson Yang & Yang, 1874

Diasgmosis: Zoana rod-like or ramose, with one primary zooecium in the axial region of.
zoaria. Secondary zooecia bud from the primary zooecium, thickened in mature region.
Acanthopores present. Zooecia without diaphragms. '

Discussion: The primary zooecium in the specimens from Timor described by Bassler (1929)
was filled with micritic sediments. Based on this, Bassler (1929) interpreted the primary
zooecium to be the tube left by the decay of other organism on which the zoaria had encrusted
rather than a primary zooecium. This interpretation is not followed herein.

Rhabdomeson sp.
(pl.16/1;pl. 18/ 4)
Section: xb33—2—4, xb33—2-9, :
Description: Zoaria ramose, circular in cross section, 1.75 mm in diameter. Primary
zooecium straight, cylindrical, 0.30—0.35 mm in diameter. Secondary zooecia bud from the pri-
mary zooecium at an angle of 30°, curved outward at the peripheral region, finally perpendicu-
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lar to zearia surface. Secondary. zooecia 0.12 mm across in immature region, 0.20—0.25 mm
across in mature region. Apertures arranged into regular longitudinal rows and diagonal rows.
Zooecial walls 0.05 mm thick in immature region, and 0.2 mm thick in mature region. Large
acanthopores present between apertures, projecting above the upper surface of zoaria. Small
acanthopores absent,

Discussion: The difference between the present specimens and those of R. gracile Phillips
and R. grande Bassler from Timor is that the primary zooecia are not straight and the secondary
zooecia bud from primary zooecia at a larger angle in the latter.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Rhabdomeson sp. indet.
(pl.17/3)

Section: xb28-4-35, xb27—5—4.

Description: Zoaria rod-like, circular incross section, 1.9 mm in diameter. Primary
zooecium circular in cross section, (.30 mm in diameter. Secondary zooecia 0.8 mm long, 0.17
mm in diameter at aperture, arranged into 20 longitudinal rows in a branch. Zooecial walls
thickened in immature region. Large acanthopores present.

Locality and horizom: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Rhabdomesonidae gen. et sp. indet. A
{pl. 18/ %)

Section: xb33-7—8, xb28—4—1, xb27-7-1.

Description: Zoaria ramose, circular in cross section. Primary zooecium absent. Secondary
zooecia bud from the axial part of zoaria at a smalf angle, not perpeadicular to zoaria surface.
Zooecia subcircular in cross section, increasing in diameter outward. Zooecial walls thickened in
mature region. Small acanthopores developed in mature region.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Rhabdomesonidae gen. et sp. indet. B
(pl- 16 / 6)

Section; xb30—7—6, xb36—4—4.

Description: Zoaria ramose, subcircular in cross section, 2.0 X 4.0 mm in size. A cylindrical
tube 0.5 mm across present in the axial part of zoaria. Zooecia bud from the axial tube at a
small angle, opening into zoaria surface. Zooecia rthombic in cross section, 0.2 mm across.
Zooecial walls thickened to 0.05 mm in mature region.

Discussion: The present specimens are identical with those described as Dyscritella by
Flugel (1984, p. 206, pl. 40 / 9—10). However, these specimens differ from Dyscritella Girty,
1911 in some aspects, in my opinion.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Order Trepostimida Ulrich, 1882
Trepostimida gen. et sp. indet. }
pl- 16/ 5)
Section: xb30-2-7.
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Description: The specimen is a tangential section. Zooecia circular in cross section, 0.25 mm
in diameter. Adjacent zooecia 0.03—0.17 mm apart. Around each zooecium present 11—14 ro-
bust acanthopores arranged into a circle. A mesopore, generally tubiform, 0.12—0.20 mm in di-
ameter, present between several adjacent zooecia. The features of zooecial walls unknown.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Trepostimida gen. et sp. indet. 2
(pL. 18 /1)

Section: xb27-8-2.

Description: Zoaria composed of tubiform zooecia and acanthopores between the zooecia.
Zooecia circular in cross section, 0.20—0.25 mm in diameter, Common walls between adjacent
zooecia 0.05 mm thick. One acanthopore present between three adjacent zooecia. The features
of zooecial walls unknown. Mesopores absent.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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8 Calcareous Algae

In the reef of Xiangbo, calcareous algae are important reef-building organisms accessory to
calcisponges. It seems that Permian calcisponge reefs are always related to calcareous algae.
Calcareous algae are commonly the most important encrusters in Permian calcisponge reefs. It
is impossible to imagine what Permian reefs would be like without calcareous algae.

1. Paleoecology

In the reef of Xiangbo, calcareous algae can serve as the following.

(1) Framers )

Monostysisyrinx gen. nov., a possible chlorophyta reported from the reef of Xiangbo for
the first time herein, is the only alga to function as framer. Only several cm high, the alga grows
into microforest in sea bottom. Being strengthened by the encrustation of Archaeclithoporella,
the thicket of the alga should have strong resistance to wave action. Therefore, it is an effective
framer. Always associated with sparry calcite cement (pectinate structure). the alga forms the
most typical framed facies in reefs.

(2) Encrusters

This is the most important role taken by calcareous algae in the development of Permian
reefs. The role is mainly taken by Archaeolithoporella, a problematical thodophyta. The alga is
sheetlike, showing no original internal structure. It always encrusts on other organisms — main-
ly on framers as well as on bafflers, or even on bioclasts, exhibiting no host preference. It can
encrust on living organisms as well as on skeletons. It should be harmless to its host. Otherwise,
it would hinder the development of reefs. At present, some researchers propose that
Archaeolithoporella encrusts on only broken and upturned sponge skeletons. However, this is
not the case in the reef of Xiangbo and the reef of Ziyun, another typical Permian reef of south-
ern China. Actually, in the Permian reefs of Xiangbo and Ziyun, about 90 percent of skeletons
in framed facies are erect, .in situ sponges. The function of Archaeolithoporella is similar to that
of encrusting corallinaceae in Recent coral reefs. However, the former can be more important to
ancient reef formation because in Recent reefs corals are strong framers while in ancient reefs
sponges may be framers not as strong as Recent corals. Archaeolithoporeila is also the chief
encruster in the Permian reefs of Guadalupe and Slovenia (Flugel et al, 1984).

(3) Dwellers

Solenoporaceae (Rhodophyta) and phylloid algae are common dwellers in Permian reefs.
In the reef of Xiangbo solenoporaceae occur in the baffled facies and framed facies of reef core.
They also occur in Permian reefs of Guadalupe, also in reef core as well as in fore reef (Klement,
1966). In the reef of Xiangbo, solenoporaceae are generally nodular, massive, or columnar. Be-
cause of their small size and growth form they can not be framers.

-l
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Table 9 Palececology of calcareous algac in Permian reefs

Functicn Group and representative Facies and environments
Framers Monostysisyrinaccae Framed facies;
Monosiysisyrinx High-energy
Encrusters Problematical thodophyta Framed facies,
Archaeolithoporelia Baffled facies;
High-mediate-energy
Dwellers Solenoporaceac Prebaffled facies,
Solenopora Baffled facies,
Parachaetetes Framed facies;
Codiaccae Mediate-high-energy
Tvanovia
Anchicodium
Balfflers Phyiloid algae Mound;
Low-mediate-energy
Bank formers Dasycladaceae Bank;
Anthracoporella High-energy
Phylloid algae
Grain Dasycladaceac Packwacked faciés;
producers Low-energy
(4) Bafllers

Phylloid algae can be bafflers. In the reef of Xiangbo, phylloid algae form the basis on
which the reef develops. In the Carboniferous and Permian of USA, phylloid algac form
mounds. These mounds are mainly composed of phylloid algae, micrites, and skeletons or
skeletal prains of other organisms. The composition of the mounds indicates that they are main-
ly formed through the baffling of phylloid algae. Phylloid algae preserved in the mounds of
USA and the reef of Xiangbo are segments several em in length. Never has the whole skeleton of
a phylioid aiga been observed. We can not imagine that an alga only several cm in height could
be an effective baffler. Thus, the present author believes that phylioid algae, like Halimeda, have
articulated skeletons composed of a series of segments (Fig. 28). After death the organic tissue
decay and the skeletons are disintegrated into separated segments. With a height of more than
10 cm, phylioid algae can baffle sediments effectively in the case that they grow into thickets. So
long as sediments are sufficient, phylloid alga mound will be formed.

(5) Bank formers

Anthracoporeila, a dasyclad, and some phylioid algae can form alga banks which can serve
as the base for reef development. The two kinds of algae generally grow into monpotonous com-
murities. As long as water energy is moderately high, alga banks will be formed. In the reef of
Xiangbo, both Anthracoporella bank and phylloid alga bank are developed.
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(6) Grain producers
In back reef or packwacked facies, dasyclads and foraminifera are main grain producers.
The functions of calcareous algae in reef formation are illustrated in Table 9.

Fig. 28 Reconstruction of phylloid algae.

I1. Systematic Description

Phylum Rhodophyta
Class Rhodophyceae
Subclass Florideae
Order Cryptonemiales
Family Solenoporaceae
Genus Solenopora Dybowski, 1878

Diagnosis: Thallus nodular, columnar, consisting of filaments radially arranged. The fila-
ments polygonal in cross section generally. The partitions in filaments randomly arranged, not
forming lateral or concentric layers.

Solenopora guangxiensis sp. nov.
®L18/1)

Derivatio nominis: The species name refers to the type locality of the species.

Diagnosis: Thallus nodular. Cells circular to tetragonal in cross section, 0.015-0.020 mm
wide. Partitions within filaments irregularly spaced, 0.02—0.04 mm apart.

Section: xb35—4—1, xb35—7-3 (holotype).

Description: Thailus nodular, or coniform, 5—8 mm high, composed of radial filaments.
Filaments circular to polygonal in cross section, 0.015—0.020 mm wide. The radial walls between
adjacent filaments conspicuous. The partitions within filaments sparse, irregularly spaced,
0.02—0.04 mm apart. The interior of each cell filled with a calcite sparry.

Discnssion: The new species is characterized by the filament width which is between those of.
S. rexana and S. centurionis and by the presence of partitions.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

-
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Solenopora guang xiensis sinuosa sp. et subsp. nov,
(P 19/ 2}

Derivatio nominis: The species name refers to the sinuous nature of the filaments.

Section: xb30—8—11 (holotype), xb30—8—10 (paratype).

Description: Thallus coniform or nodular, composed of radial filaments. The filaments
slightly sinuous, 0.015—0.020 mm wide. Partitions absent within the filaments. Iaterior of fila-
ments mostly filled with micritic sediments.

Discussion: The subspecies is characterized by the sinuous filaments and the absence of par-
titions.

Locality and horizom: Reef of Xiangbo, Longlin, Guangxi; Middle Permnian Maockou Stage.

Genus Parachaetetes Deninger, 1906
Diagnosis: Thallus composed of filaments. Partitions in filaments regularly arranged, form-
ing lateral or concentric layers.

Parachaetetes lamellatus Konishi, 1954
{pl. 19/5,6)

Section: xb27—6—8, xb30—6—1, xb33—5—3.

Description: Thallus nodular, columnar or sheetlike. Filament arrangement radial in
nodular forms, water-jet-fike in columnar forms, fanlike in sheetlike forms. Filament width
0.015—0.03 mm. Partitions in filaments 0.03—0.06 mm apart.

Paleoecology: In the species, columnar forms can be bafflers or framers locally. This inter-
pretation can be supported by their in situ preservation and the presence of epibionts on them.
The nodular forms are not effective framers,

Dimension (mm):

Section no. Form and size Filament width Partition interval
xb30-6-1 Nodular: 20—30 wide 0.02-0.03 0.05—0.06
xb33-5-3 Columnar: 2-2.75 wide, 5high | 0.02—0.025 0.03—0.05
xb37-6-8 Sheetlike: 2.5 thick, 6.5 wide 0.015-0.02 0.04—-0.06

Locality and horizon: Reef of Xiangbo, Longiin, Guangxi; Middle Permian Maokou Stage.

Family Gymnocodiaceae Eljiott, 1953
Genus Permocalculus Elliott, 1955
Diagnosis: Thallus composed of joined segments. Segments spheroidal, ovoid or doliform,
Calcification state variable in different parts of segments. In the inner part of the hypothallium,
filaments thick, extending longitudinally; toward the periphery of the hypothallium, filaments
curved outward, furcated and tapered. In the perithallium, filaments the thinnest, perpendicuiar
to the surface of thallus.
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Permocalculus sp.
(pl.19/7;pL.20/6)

Section: xb33—8-2, xb31-2-1.

Description: Segments short, columpar, 0.8—1.3 mm long, 0.13 mm in diameter. The outer
part of segments calcified, sparry. The inner part of segments poorly calcified. Filaments
longitudinal in the inner part of segments, curved outward and dichotomous at large angles in
the outer part of segments, finally reaching thallus surface at a high or right angle. Filaments
0.02—-0.03 mm thick in the axial part of segments, tapering toward segment surface, 0.01 mm in
diameter at segment surface.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage,

Permocalculus cf. fragilis (Pia) Elliott, 1955
(pl.22/1;plL21/6)

Section: xb35—1—3, xb35—4-2.

Description; Segments circular in cross section, §.62—0.85 mm in diameter. Calcified
peripheral part of segments about 0.17—0.25 mm thick. Central part of segments not calcified,
left as a cylindrical cavity. Hypothallium 0.25—0.35 mm wide. Filaments 0.04—0.05 mm wide in
hypothallium, extending longitudinally. In perithallium filaments gradually curved outward,
dichotomous and tapering, finally reaching segment surface at high angles. Filaments
0.015-0.020 mm wide at segment surface.

Discussion: The specimens are characterized by the presence of a hollow central part and
the furcating pattern of filaments, resembling Permocalculus fragilis (Pia) Elliott, 1955,

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Corallinaceae Harvey, 1849
Genus Paralithoporelia gen. nov.
Derivatio nominis: The generic name refers to the similarity of the genus to Lithoporella in
gross form.
Diagnosis: Thalluses laminar, often encrusting on other organisms, consisting of one layer
of cells. Concepiacle absent. Several laminar thallus successively stacked generally.
Discussion: This genus resembles Recent rhodophyta Lithoporeila Fosilis, 1969 in growth
form and the construction of one layer of cells.
Type species: Paralithoporella sinensis gen. et sp. nov.

Paralithoporella sinensis gen. et sp. nov.
(pl.22/4)

Derivatio nominis: The species name refers to the first occurrence of the genus in China.

Diagnosis: Cells low and wide, rectangular in vertical section, 0.03—0.08 mm high and
0.06—0.08 mm wide.

Section: xb30~5-6 (holotype), xb33—6—4 (paratype).

Description: Thalluses laminar, encrusting on other organisms. Several laminar thalluses
successively stacked generally. Thallus consists of one layer of squat cells. Cells rectangular in
vertical section, 0.03—0.08 mm high and 0.06—0.08 mm wide.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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Problematical Rhodophyta
Genus Archaeolithoporella Endo, 1959

Diagnosis: Thalluses laminar, encrusting on other organisms, constant in thickness, without
cellular structure, cryptocrystalline or microcrystalline in microstructure. When recrystallized
thalluses show an appearance of cellular construction.

Discussion: According to Endo (1959), thalluses of the genus are laminae without cellular
construction. Johnson (1963} revised the definition of the genus. He stated that the genus is
composed of one layer of cells; several layers stacked; irregular sheetlike or encrusting on other
organisms; conceptacies present in the upper part of thallus; each conceptacle with one opening.
Babcock (1974) restudied the syntypes of the genus and concluded that the genus is composed of
two layers: one cryptocrystalline dark layer with constant thickness and another thick,
microcrystalline layer with some lentiform structure probably being conceptacies. Flugel (1984)
believed that the genus is composed of two layers: one dark, microcrystalline layer with constant
thickness and another thick layer of fibrous or granular sparrys. On the study of the materials
from the reef of Xiangbo, I agreed on Endo’s (1959) original definition. According to it, thallus
of the genus is composed of one layer of cryptocrystalline calcites, constant in thickness, without
cellular structure, lacking conceptacles, generally encrusting on other organisms. The “layer of
sparry caleite”, 1 believe, are actually sparry cements of fibrous or granular calcites filling the
interspaces between adjacent thalluses.

Fig. 29 Growth mode of Archaeolithoporella — encrusting on other organisms, covered by and covering:
{A) sparry calcites, (B) micrites, (C) epibionts,

Babcock (1977) believed that the genus can encrust on all other kinds of organisms. This is
true. According to my observation, the genus tends to be more developed in high-energy reef
fabric-facies such as framed facies, commonly encrusting on framers. It is most developed in the
framed facies whose framers are thin columnar or thin ramose. It can also occur in baffled facies
or occasionally in prebaffled facies. It can also encrust on micritic or bioclastic sediments, When
in baffled or prebaffled facies, it shows some host preference to Tubriphyies. The encrustation of
the genus, the sedimentation of micrites on it and the attachment of epibionts on it can alternate
(Fig, 29). The interspaces between adjacent thalluses of the genus can be filled with fine sparry
calcite cements. In this case the appearance known as “two-layer structure” is formed,
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The interpretation of the affinity of the genus depends on the understanding of its form and
construction. It was placed in Sclenoporaceae by Johnson (1963). Babcock (1977) also regarded
it as an alga. But he could not point out which group of algae it beloags to. On the contrary,
Dunham (1972}, Schmidt and Klement (1977) belicved that it is an inorganic cement structure
formed in aerated environments. 1 believe that this genus can not be an inorganic structure be-
cause of its regular form. It can be a rhodophyta on the basis of its encrusting growth habit and
high quality of calcification.

Archaeolithoporelia hidensis Endo, 1959
(pl. 20/ 5;pl. 21/ 5)

Section: xb283—R, xb34—8~3.

Description: Thallus thin, sheetlike, encrusting on other organisms or sediments. Thallus
wavy generally, constant in thickness, 0.0050.0i0 mm thick commonly. Thalius
cryptocrystalline, lacking cellular structure. When the thallus recrystallized, the boundaries be-
tween calcite crystals gives the thallus an appearance of cellular structure.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.

Genus Guangxilamina gen. nov.
Derivatio nominis: The generic name refers to the first locality and the form of the genus.
Diagnosis: Thallus thin, sheetlike, encrusting on other organisms. Thallus wavy, inconstant
in thickness, lacking cellular structure. Thallus generally recrystallized into small calcites.
It always encrusts on sponges or corals. Thus, it may be a rhodophyia.
Type species: Guang xilamina incompta gen. et sp. nov.

Guang xilamina incompta gen. et $p. nov.
(pL. 19/ 4)

Derivatio nominis: Incomptus (la. = not decorated) refers to the simple construction of the
species.

Diagnosis: Thallus wavy, 0.02—0.07 mm thick, lacking cellular structure.

Section: xb31—2—3 (holotype), xb27—6-3.

Description: Thallus laminar, encrusting on the top surface of other organisms, commonly
sponge. Thallus generally recrystallized into small calcite crystals, lacking cellular structure.
Thallus generally wavy, not uniform in thickness, generally 0.02—0.07 mm thick, up to 0.12 mm
thick in some places. Thallus up to several cm wide.

Locality and horizon: Reef of Xiangbo, Lenglin, Guangxi; Middle Permian Maokou Stage.

Phylum Chlorophyta
Class Chlorophyceae
Family Dasycladaceae Kutzing, 1843
Genus Anthracoporella Pia, 1920
Diagnosis: Thallus cylindrical, dichotomous. Central stem cylindrical. Primary branches
fine, cylindrical, somewhat enlarged outward. Some primary branches dichotomous. Primary
branches aspondyl in arrangement. Thallus several mm to more than 10 mm in diameter.
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Anthracoporella spectabilis Pia, 1920
(pl. 19/ 3; pl. 20/ 4)

Diagnaosis: The relationship between the length of primary branches (Y) and the diameter of
the stem conforms to the equation: Y = 13X—2. Primary branches 0.03~0.05 mm across.

Section: xb35—1, xb35—-1-7.

Description: Thallus cylindrical, dichotomous, I mm to more than ten mm in diameter,
broken into cylindrical segments. Central stem cylindrical. Primaiy branches cylindrical, some-
what enlarged outward, aspondyl in arrangement. Some primary branches dichotomous, form-
ing secondary branches. Primary branches 4.25-0.50 mm long and 0.03-0.05 mm wide. Adja-
cent primary branches 0.015—0.020 mm apart. The tangential section of thallus reticulate, with
branches as circular pores. Segments of thallus generally ring-like in thin sections.

Discussion: The species often forms alga banks. All individuals are similar in the diameter
of their branches although they are different in gross size,

The materials of the species are very rich. This makes it possible for me to inquire into the
relationship between the diameter of the central stem and the length of branches through statis-
tical analysis. In the study 21 specimens randomly selected are used {Table 10). The length of
their branches and the diameter of their central stem are pointed in a coordinate figure (Fig. 30).
Thus, a line conforming to equation Y = 13X—2 is regressed. It is found that most of the points
are in or near the line. This indicates that the specimens represented by these points belong to
the same species. Several points are away from the line, representing other species or aberrant
individuals. According to the study, one of the specimens described by Endo (1969) as A.
spectabilis can belong to the species but the other one of them does not belong to the species.
Specimens described by Elliott (1968) all belong to the species. Thus, it is concluded that the
length of branches increases as the central stem thickens. Their relationship conforms to the
linear equation Y = [3X-2.
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Fig, 30 Regression of the relationship between the length of branches and the diameter of the central
stem.
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Table 18 Diameter of sterns and length of branches of Anthracoparella spectabilis

Individual no. Diameter of stem Length of branches
1 £.36 0.33-0.50
2 25 0.36
3 ? 0.17
4 3.25 0.30-0.32
5 0.50
6 0.87 0.25
7 3.1 0.20
8 1,87 0.25-0.37
9 27 0.50

10 0.75 0.25

11 1.52 0.29
12 32 0.40

13 54 0.25-0.37
14 1.44 0.28

15 2.57 0.33-0.50
16 2.75 0.40

17 2.38 0.20-0.25
i8 0.42 0.20
19 1.87 0.25
20 0.3 0.2

21 1.25-2.5 0.33-0.35

Locatlity and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage,

Paleovecology: This species grows into monotonous community, forming alga banks gener-
ally. In the Permian of Alps, it occurs in packstones (Flugel, 1977, 1979), representing a re-
stricted bank. In the reef of Xiangbo, it occurs in grainstone, representing an open bank. It can
also sparsely occur in reef core occasionally. In this case it is encrusted by Archaeolithoporella.

Genus Gyroporella Gumbel, 1872, emend. Benche, 1876
Diagnosis: Thallus rod-like, with one end swollen, circular or ovoid in cross section. Central
stems in the same form as thallus. Primary branches rod-like, euspondyl in arrangement, with
the outer end swollen into spherical form. Spectacles can be present in the outer ends of some
primary branches.

Gyroporella sp.
(pl.22/2)
Section: xb31-2—4, xb35—4—-2b.
Description: Thallus circular in cross section, 1.1-1.7 mm in diameter. Branches 0.25 mm
long, with an external diameter of (.20 mm. Branches euspondyl in arrangement, with 32
branches in a whorl.
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Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Mizzia Schubert, 1907
Diagnosis: Thallus composed of segments joined end to end in a loosely articulated fashion.
Segments spheroidal to cylindrical or pyriform, composed of a generally barrel-shaped stem and
unbranched branches radiating from the stem. The branches arranged into regular, alternating
horizontal rows. The alternating arrangement and the crowd of branches give the segment sur-
face a hexagonal pattern.

Mizzia sp.
(pl. 22/ 8)

Section: xb30—2—4, xb31-2—4, xb34—2-6, xb37C~T.

Description; Segments ovoid. Stem 1.0 mm in diameter. Branches euspondyl in arrange-
ment, 0.10 mm in diameter at their base and 0.17 mm at their tip. About 20 branches in a whorl.
Each branch leaves a small process on segment surface.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.

Genus Macroporella Pia, 1912
Diagnosis: Thailus cylindrical. Stem cylindrical. Primary branches thick, increasing in di-
ameter outward, arranged into irregular whorls, Secondary branches absent. Spectacles can be
present in the stem.

Macroporella affinis Endo, 1969
(pl. 22/5)
Section: xb31—-2—1.
Description; Thallus 1.60 mm in diameter. Stem averages 1.14 mm in diameter, Branches
0.17 mm long, 0.11—0.13 mm in diameter, normal to stem.
Locality amd horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Geous Vermiporella Stolley, 1893
Diagnosis: Thallus cylindrical, dichotomous, sometimes vermiform, commonly being creep-
er. Branches unbranched, somewhat enlarged outward, normal to stem, not uvniform in length.

Vermiporella cf. nipponica Endo, 1954
{pl.21/8)

Section: xb35—1-3, xb35—-8—11, xb37-C-T.

Description: Thallus small. Stem 0.12 mm in diameter. Branches thin and long, somewhat
increasing in diameter ouvtward, 0.01 mm in diameier at their outer ends, 0.015 mm apart. The
length of branches not uniform, ranging 0.075-0.100 mm.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Favoporella gen. nov,
Derivatio nominis: Favo (la. = honeycomb) refers to the appearance of the thallus surface.
Diagnosis: Thallus cylindrical, swollen in the middle part. Stem ellipsoidal. Branches
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unbranched, normal to stem and irregularly arranged, polygonal in cross section, constant in
diameter, with their outer ends perpendicular to thallus surface. Branches intercommunicated
with the stem, opening into thallus surface,

Type species: Favoporelia hexagona gen. et sp. nov.

Favoporellg hexagona gen. et sp. nov.
pt. 20/2;pl. 21 /7;pl. 22/ 6)

Derivatio nominis: Hexagonus (la. = hexagonal) refers to the form of the cross sections of
branches.

Diagnosis: Thallus cylindrical, swollen. Branches fine and long, hexagonal in cross section,
0.05 mm in diameter,

Section: xb27—8—4 (holotype).

Description: Thallus swollen, cylindrical, 7 mm wide maximally, at least 17.5 mm high.
Stem in the same form as thallus, up to 2.5 mm in diameter. Branches unbranched, hexagonal in
cross section, constant in diameter, generally 0.05 mm thick, normal to stem, aspondyl in ar-
rangement.

Locality and horizon: Reef of Xiangbo, 1.onglin, Guangxi; Middle Permian Maokou Stage.

Family Codiaceae Zanardini, 1843
Genus Ivanovia Khvorova, 1946

Diagnosis: Thallus bladed, composed of perithailia and hypothallium. The perithaliium
composed of cylindrical cells normatl to thallus surface. The cells in the perithallia not calcified,
preserved as cylindrical pores. The hypothallium hardly calcified, thus hollow.

Discussion: Pray & Wray (1963) suggested that this genus and FEugonophyiium,
Anchicodium, Calcifolium and rhodophyta Archaeolithophyllum can be grouped into phylloid
algae in the absence of internal structure, This genus and Eugonophyllum were placed in
Codiaceae by Johnson (1963). Riding (1977) related the genus to Squamariaceae. Wray {1977)
remained the genus in Codiaceae. The present author agrees with Wray,

fvanovia permica sp. nov.
(pl. 20/8;pl. 21 / 1}

Derivatio nominis: The species name refers to the first Permian occurrence of the species,

Diagnosis: Perithallia 0.075—0.120 mm thick. Perithallium ceils 0.03-0.05 mm across. Walls
between cells 0.015—0.020 mm thick.

Section: xb32— |, xb30—8—10'(paratype), xb30—1-3 (holotype), xb35-7-4.

Description: Thallus bladed, wavy, 0.25 mm thick. Perithallia 0.075—0.120 mm thick, con-
taining cylindrical pores (.03—0.05 mm across and 0.015—0.020 mm apart. The pores normal to
thallus surface. Hypothallium not calcified, filled with sparry calcites or micrites.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Phylloid alga (? Ivanovia)
(pl.21/3)
Section: xb26—27-R3,
Description: Thallus bladed, generally wavy, 0,.25—0.50 mm thick, up to several cm wide.
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The boundary between perithallium and hypothallium indistinct. Perithallia 0.05—0.10 mm
thick. Thallus generally recrystallized.
Discussion: The specimen shows some similarities to Ivanovia.
Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Mackou Stage.
Paleoecology: It occurs in monotonous community, forming an alga bank.

Genus Anchicodium Johnson, 1946
Diagnosis: Thallus bladed or encrusting, probably with cylindrical stems on its surface. The
stems can furcate or be with tubercles. Filaments in central part of thallus poorly calcified,
somewhat irregularly arranged. Filaments furcate and taper, parallel to each other in
hypothallium, but perpendicular to thallus surface in periphery of thallus. Calcification confined
to thallus surface.

Anchicodium expressum sp. nov.
(pl. 20/ 7;pl. 21/ 2)

Derivatio nominis: Expressus (la. = obvious) refers to the form of the thallus in sections.

Diagnosis; Calcified periphery 0.25 mm thick. Filaments 0.025 mumn across in hypothallium,
0.01 mm across in periphery.

Section: xb31-2—3, xb35—7-2 (holotype), xb35—7-3 (holotype).

Description: Thallus bladed, 0.67—1.0 mm thick, with one surface flat and the other having
tubercles. Calcified peripheral region of thallus 0.25 mm thick. Hypothallium poorly calcified,
commonly filled with sparry calcites, with some fine tubes left by filaments. In hypothallium, fil-
aments 0.025 mm in diameter, irregularly sinuous and furcating. In perithailia filaments furcate
and taper, generally 0.01 mm in diameter, parallel to each other, finally normal to thallus sur-
face.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Paleoecology: On both sides of thallus epibiont are found. Thus, the species can be erect in
life.

Problematical Chlorophyta
Genus Sinophyilum gen. nov.,

Derivatio nominis: Sin (gr. = China) and phyllus (gr. = frondoid) refer to the type locality
and form of the genus.

Diagnosis: Thallus sheetlike, composed of one layer of small tubes normal to thallus
surface. The tubes hexagonal in cross section. Several thallus stacked generally.

Discussion: The hexagenal tubes are similar to the cylindrical tubes in perithallium of
Tvanovia in size.

Type species: Sinophylium hexagonum gen. et sp. nov.

Sinophyllum hexagonum gen. el sp. nov,
{pl.20/1)
Derivatio nominis: Hexagonus (la. = hexagonal) refers to the form of the cross section of
the cellular tubes.
Diagoosis: Thallus 0.25—9.50 mm thick. Hexagonal tubes 0.05 mm across. Tube walls 0.015
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mm thick.

Section: xb30—8—6 (holotype).

Description: Thallus sheetlike, 0.25—0.50 mm thick. Several thallus stacked successively.
Thallus composed of one layer of small tubes polygonal in cross section. The tubes uniform in
size, generally 0.05 mm in diameter, generaily hexagonal in cross section, normal to the surface
of thallus. The common walls between the tubes 0.015 mm thick.

Locality and borizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Sphaeroporella gen. nov.

Derivatio nominis: The genus name refers to the gross form of the thallus.

Diagnosis: Thallus small, spheric or hemispherical, commonly attaching to other
organisms, Thallus has a spherical central cavity. The cavity has a continuous, micritic wall. In
the micritic wall present radial fine tubes. The tubes normal to thallus surface, uniform in size.
The wall between the tubes micritic. The tubes not intercommunicated with the central cavity.

Discussion: The genus resembles dasyclad in form and construction. However, the micritic
cavity wall has not been found in dasyclads. Besides, the spherical or hemispherical growth
form, and the fine tubes not communicated with the central cavity make it difficult to place the
genus in Dasycladaceac. Nevertheless, the genus has some affinities with dasyclad.

The genus differs from Pseudovermiporeila Elliott, 1958 in the larger body, the long and
somewhat irregular tubes and the presence of a separated wall in the cavity of the latter,

According to the illustration the specimens assigned to Pseudovermiporella sp. by Termier
et al in 1977 belong to the genus.

Type species: Sphacroporella minima gen. et sp. nov.

Sphaeroporella minima gen. et sp. nov.
: {pl.22/7)

Derivatio nominis: The species name refers to the minute dimension of the thallus,

Section; xb35-2-1 (holotype).

Dviagnosis: Thallus 0.28 mm in size. Central cavity 0.22—0.23 mm in diameter. Radial tubes
0.005—0.007 mm in diameter.

Description: Thallus spherical or hemispherical, attaching to other organisms, 0.28 mm in
diameter. Hemispheric forms can be stacked successively. Central cavity 0.22—0.23 mm in diam-
eter. Radial tubes 0.005—0.007 mm in diameter, uniform in length, ranging 0.025—0.030 mm
long, normal to central cavity wall. The common walis between adjacent radial tubes below
0.004 mm thick.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Monostysisyrinaceae fam. nov.
Definition: Algae included in this family are characterized by small, erect, and unbranched
cylindrical thallus. Thallus hollow. The surface of thallus smooth.
Type genus: Monostysisyrinx gen. nov.

Genus Monostysisyrinx gen. nov,
Derivatio nominis: Mono {(gr. = single), stys (gr. = erect) and syrinx (gr. = tube) refer to
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the form of the thallus.

Diagnosis; Thallus erect, unbranched, tube-like, circular in cross section, uniform in diame-
ter. The interior of the thallus tube lacks cellular structure, filled in with sparry caleites. The wall
of the thallus tube thin and thin, microcrystalline. Thalluses grow into dense microforest (Fig.
31}. They are commonly encrusted by Archaeolithoporella. )

Discussion: The fine, unbranched thalluses of the genus indicate that it is a primitive organ-
ism. Because of the absence of internal structure, it is difficult to determine its systematic posi-
tion. '

Filaments are present in Cyanophyta, Chlorophyta, Rhodophyta and Phaeophyta. The ge-
nus can not be cyanophyta. The reasons are (1) most cyanophyta live in fresh water environ-
ments, (2) the filaments in Cyanophyta are generally soft and fragile, and (3} most cyanophyta
are not calcified. The genus can not be phaeophyta. This is because: (1} most phaeophyta occu-
py deep water environments while Monostysisyrinx lives in warm, shallow-water environments,
(2) most phaeophyta are complicated in growth form, generally being branched, and (3) few
phaeophyta leave calcified fossils. It is of little possibility that the genus belongs to Rhodophyta.
This is because most thodophyta are complicated and very developed while Monostysisyrinxis a
simple and undeveloped one. This genus can belong to Chlorophyta. The reasons are (1) most
chlorophyta are warm, shallow water organisms, (2) most chlorophyta can be calcified and pre-
served as fossils, and {3) many chlorophyta such as those in Ulotrichales and Siphonales are
sessile, erect, unbranched filamentous ones.

Thus, the genus is assigned io Chlorophyta. It is difficult to relate it to a known group of
Chlorophyta. Hence a new family is established to include it.

The genus was described as sponge root tuft by Rigby & Fan (1988). According to the ob-
servation made in field, the present author is convinced that it can not be sponge root tuft. The
reasons are (1) all individuals are erect, straight, (2) the individuals are evenly rather than in
patches distributed, and (3) no sponge evidence {e.g., spicules) can be found.

Type species: Monostysisyrinx circularis gen. et sp. nov.

Monostysisyrinx circularis gen. et sp. nov.
(plL20/3;pl.21 /4pl.22/3,9)

Derivatio wominis; The species name refers to the form of the thallus in cross section.

Diagnosis: Thallus several ten ¢m high, circular in cross section, 0.1-0.5 mm thick.

Section: xb35-2 (holotype).

Description: Thalluses thin, unbranched, tube-tike, circular in cross section, 0.1-0.5 mm in
diameter. Thalluses sessile, generally more than ten cm high. The diameter of thallus constant.
The surface of thallus smooth. Thallus tube walls 0.005 mm thick, probably microcrystalline, in
most case recrystallized and thus difficult to be distinguished from the lamellar
Archaeolithoporella encrusting on them. Thalluses always encrusted by drchaeolithoporella. In
some cases, thalluses have epibiont of hemispherical Sphaeroporella. In this cases thalius tube
wall seen apparently thin, recrystallized into granular, small sparrys. Thallus tubes hollow, filled
in with sparry calcites. The filling calcites are in two layers: one touching thallus tube wall, fi-
brous, 0.075 mm thick; the other in the center of tube, granular.

The number of encrustation of Archaeolithoporelly variable between different individuals.
Micritic sediments probably present between thallus and encrustation of Archaeolithoporelia.
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Paleoecology: Thalluses of the species grow into dense micro-forest (Fig. 31). Encrusted by
Archaeolithoporeila, they should be effective reef-framers. This organism should live in warm,
shallow and clean water environments.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Fig. 31 Reconstruction of Monostysisyrinx circularis gen. et sp. nov. M: Monostysisyrinx circularis gen. et
sp. nov.; A: Archaeolithoporella.
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9 Microproblematica

1. Generals

Microproblematica is not a formal taxonomical upit. In fact, it is a polyphyletic,
morphological group. Like Stromatoporida, it includes members even from different phyla. The
organisms are included in the group not because of their affinities but because of: (1) they are all
small, and simple in construction, and (2) their systematical positions are difficult to determine
for the time being. '

Microproblematica can be simple or compound. Simple ones can be saccate, tubiform or
spherical. The compound forms are aggregation of small saccate or tubiform parts which are
regularly or irregularly, commonly imbricately arranged. The skeletons of microproblematica
are generally hollow,

Up to the present, microproblematica described are very limited in generic number (e.g.,
Flugel, 1964; Flugel et al, 1978; Senowbari-Daryan, 1977; Fois, 1981; Flugel, 1984).

The classification of microproblematica does not reflect their affinities. But it is helpful to
the study of the group. Little work has been done about the classification of the group. Because
of the simplicity of skeletal construction of microproblematica the classification of them is main-
ly based on the microstructure of their skeletal walls herein.

In the reef of Xiangbo, microproblematica mainly function as dwellers and epibionts. The
microproblematica serving as dwellers are commonly saccate, tubiform or spherical. Those serv-
ing as epibionts are generally imbricate compounds, Tubiphytes, a familiar one, is the most
common member of the group in the reef of Xiangbo although some researchers regarded it as
an alga.This genus is 4 chief reef-builder in the Permian reefs of Urals, Soviet Union. But it is an .
accessary reef-builder in the reef of Xiangbo. Being rich in the reef, it mainly serves as epibionts
and dwetlers. Locally it can be a reef-framer.

I1. Systematic Description

Family Porivalliidae fam. nov.

Definition: Organisms included in the family have perforated walls, They can be spherical
or tubiform. The tubiform forms can be partitioned by tabulae. Members of the family can be
related to sphinctozoans or dasyclads.

Representative: Porivailia gen. nov.

Genus Porivallia gen. nov.
Diagnosis: Organisms elongate saccate, divided into two parts differen in size by a shrinker.
The saccate skeleton hollow, with the larger part divided into two chambers by a tabula. Walls
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of the sac perforated. The pores dense, evenly spaced, normal to and penetrating the sac walls.
Type species: Porivallia phaseoliformis gen. et sp. nov.

Porivallia phaseoliformis gen. et sp. nov.
PL23/1,3)

Section: xb28-3-2 (holotype), xb28—3—3 (paratype).

Description: Organisms elongate saccate, somewhat sinuocus, with a deep shrinker at 1 /4
from one end. The sac is divided into two parts different in size: one part short, somewhat spher-
ical; the other part long. The whole sac peapod-like. The organism attached to sea bottom with
the short end (in holotype) or with one side surface (in paratype). The sac 1.8-2.5 mm long,
0.45—0.50 mm wide maximally.

The sac hollow. The sac cavity lost where shrunk. The long part of the sac divided into two
chambers by a tabula. Both chambers empty. The wall of sac more or less variable in thickness,
ranging 0.09—0.10 mm. The tabula .06 mm thick. Sac wall and tabula perforated. The pores
0.009~0.012 mm across, normal to and penetrating the sac wall or tabula.

Locality and horizon: Reef of Xiangbo, Longiin, Guangxi; Middle Permian Maokou Stage.

Porivallia sphaerica gen. et sp. nov,
(pl.23/4)

Section; xb30—2-10 (holotype).

Description: Skeleton irregular, spherical, attached. The attached end flat, 0.75-1.12 mm
high, 0.60—1.40 mm wide. Skeleton hollow. The wall of the skeleton not uniform in thickness,
ranging 0.04—0.18 mm, perforated by pores 0.01-0.02 mm across. The wall where the organisms
attach (i.e., the bottom wall) thin and imperforated.

Discussion: The species differs from P. phaseoliformis in the spherical form of the former.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Lamellivalliidae fam. nov.

Definition: Members included in the family have laminated walls. Skeletons genrally elon-
gate saccate, divided into two parts by a tabula where shrunk. They often encrust on other or-
ganisms and can be encrusted by other organisms.

Representative: Lamellivallia gen. nov.

Genus Lamellivailia gen. nov.
Diagnosis: Skeletons irregular elongate saccate, probably divided into two parts by a thin
tabula. Skeletons have a cavity. Skeleton walls laminated, pierced with one or several pores.
Type species: Lamellivallia grossa gen. et sp. nov.

Lamellivaliia grossa gen. et sp. nov.
(pl.23/2;pl. 24/ 1)
Section: xb30—3-2 (holotype), xb30—2-3 (paratype).
Description: Skeletons irregular elongate saccate, up to 2.0 mm long, not uniform in diame-
ter, maximally 0.55 mm, with one side surface flat and the other not flat. The organisms can be
attached to sea bottom on the thinner end or the flat side surface.

-
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Skeletons hoilow, divided into two parts by a tabula. In holotype, the tabula at the middle
of the skeieton, 0.04 mm thick. Skeleton walls somewhat inconstant in thickness, maximally
0.10-0.12 mm thick, with distinct laminated microstructure. The wall includes 6—8 laminae
commonly. The laminae parallel to skeleton surface, In holotype, the skeleton has an opening at
the thicker end. The opening (.05 mm thick. Skeleton wall thinner around the opening.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Heterolamelliidae fam. nov.

Definition: Organisms included in the family with a skeleton of aggregation of
hemispherical chambers imbricately arranged. Chamber walls in the family with three-layered
structure: a central layer and two side layers. The central layer dark, micritic. The side layers
laminated. The laminae in the side layers very thin, much thinner than those in Lamellivallidae.
The structure of the skeleton walls in the family resembles that of bryozoans and some corals.

Representative: Heterolamellia gen. nov,

Genus Heterolomellia gen. nov,

Diagnosis: Skeletons composed of many hemispherical chambers imbricately arranged.
Chambers hollow. Chamber walils three-layered: one central layer and two side lavers, The cen-
tral layer dark. The side layers translucent, laminated. The organisms encrust on other organ-
isms. The microstructure of skeletons indicates a bryozoan or coral affinity of the genus.

Type species: Heterolamellia appressa gen. et sp. nov,

Heterolamellig appressa gen, et sp. nov,
(pl.24/3;pl.25/1)

Section: xb30—5—1A (holotype), xb30—5—1B (paratype).

Description: Skeletons composed of hemispherical chambers imbricately arranged, encrust-
ing on other organisms, 0.8 mm high and 2.5 mm wide. Chambers hollow, 0,25—0.45 mm high,
0.3-1.0 mm wide. Chamber walls three-layered: one micritic central layer and iwo laminated
side layers.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Polyvesica gen. nov.

Diagnesis: Skeletons composed of saccate chambers imbricately arranged. Chambers more
or less irregular in form. Chamber walls dark, micritic, resembling the central layer in
Heterolamellia gen. nov. Thus it can be related to bryozoans or corals.

Type species: Polyvesica irregularis gen. et sp. nov.

Polyvesica irregularis gen. et sp. nov.
(pl.24/2)
Section: xb34—8-3 (holotype).
Description: Skeletons hill-like, about 1.6 mm high and 3.0 mm wide, attached to other or-
ganisms.
Skeletons composed of saccate chambers imbricately arranged. Chambers approximately
hemispherical, not uniform in size, generaily 0.25—0.38 mm high and 0.25-0.43 mm wide.
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Chambers hollow. Chamber walls dark, micritic, uniform in thickness, about 0.61 mm.
Locality and horizon: Reef of Xiangbo, Longkin, Guangxi; Middle Permian Maokou Stage.

Family Echinivesidae fam. nov.

Definition: Members included in the family simple or compound. The simple forms saccate;
the compound forms composed of two saccate chambers merged. Skeleton walls granular,
probably produced by recrystallization.

Representative: Echinivesica gen. nov.

Genus Echinivesica gen. nov.
Diagnosis: The skeleton composed of one sac or two sacs merged. The sac or sacs
hemispherical, hollow, provided with some spines on their surface.
Type species: Echinivesica robusta gen. et sp. nov.

Echinivesica robusta gen. et sp. nov,
(pl.23/5;pl.24/4;pl.25/3)

Section: xb28--R6 (holotype), xb35—8—7 (paratype), xb27-2—2(paratype).

Description: In holotype, the skeleton composed of two sacs merged, 1.5 mm high and 2.3
mm wide. In paratypes, the skeleton composed of one sac, with one side surface flat, 1 mm high
and 1.12 mm wide. Sac walls provided with some robust spines.

Sac or sacs have a cavity. The cavity spheroidal. Sac walls not uniform in thickness,
0.20—0.28 mm thick in holotype, 0.10—0.20 mm thick in paratypes. Sac walls recrystallized into
granular calcites.

Lacality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Echinivesica incondita gen. et sp. nov.
(pl.24/ 5;pl. 25/ 5)

Section: xb30—2—10A (holotype), xb30—2—10B (paratype).

Description: Skeletons single saccate, 0.7-1.2 mm in size. Sac hollow. Sac walls 0.08-0.13
mm thick, granular in microstructure.

Discussion: The species differs from the previous one in the single, somewhat irregular
form, and thinner sac walls of the former.

Locality and borizon: Reef of Xiangho, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Polyechinivesica gen. nov.

Diagnosis: Skeletons composed of many sacs imbricately arranged. Sacs spherical, similar
in size. Each sac with a coniform spine on sac walil surface. Sac walls recrystallized into granular
calcites.

Type species: Polyechinivesica regularis gen. et sp. nov,

Polyechinivesica regularis gen. et sp. nov,
(pl. 25/ 4)
Section: xb30—7—7 (holotype).
Description: Skeletons composed of many sacs imbricately arranged, 1.8 mm high, attached

. #
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to other organisms. Sacs spherical, similar in size, 0.5 mm high and 0.50-0.62 mm wide. Interior
of sacs empty. Sac walls 0.08—0.10 mm thick, recrystallized into granular calcites.
Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Family Micritivesidae fam. nov.
Definition: Members in the family with a wall micritic in microstructure.
Representative; Micritivesica gen. nov.

Genus Micritivesica gen. nov.
Piagnosis: Skeletons composed of one or several irregular sacs. Sac wall thick, micritic in
microstructure.
Type species: Micritivesica granosa gen. et sp. nov.

Micritivesica granosa gen. et sp. nov.
(pl.25/2)

Section: xb37—2-12 (holotype), xb31—1—R1-2 (paratype).

Description: Skeletons composed of one or several sacs. [n holotype, the skeleton composed
of two sacs, 1.25 mm high, 2.5 mm wide. In paratype, the skeleton composed of one sac, 1.6 mm
high and 1.85 mm wide. The organisms attached to sea bottom or other organisms.

Sac cavity spheroidal, 0.3-0.4 mm high in holotype, 24% of sac height, 0.4 mm high in
paratype, 25% of sac height. Sac walls greatly variable in thickness, 0.13~-0.56 mm thick in
holotype, at least 0.13—0,50 mm thick in paratype. Sac walls dark, micritic in microstructure,
with the micrites coarse. In paratype, sac walls more or less irregular, with pores paraliel to sac
wall surface.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Genus Tubiphytes Maslov, 1936

Diagnosis: Skeletons small, generally less than 1 mm in size, up to 10 mm maximally, spher-
ical, ovoid, ramose or encrusting, generaily attached to other organisms, with one end thin and
the other end thick. Interior of skeletons micritic, commonly showing concentrical growth
layers. Some small cavities often present in the inner part of skeletons.

Discussion: Some previous researchers believed the skeletons have a reticulate structure and
correlated it to cellular structure of algae. They interpreted the micrites to be secondary fillings
in the reticulate structure. However, the present author believes that the reticulate structure
irregular, thus different from the cellular structure of algae. The micrites in the interior of the
skeletons are all original, secreted by the organisms in tife. The cavity in the interior of the skele-
tons is unique. The construction of the genus has not been found in algae. Thus it is of little pos-
sibility that the genus belongs to algae. The genus is worldwide distributed. It is an important
Permian reef-builder. it can serve as (1) dwellers, (2) epibionts, (3) framers, and (4) encrusters. It
was reported to be important framers in the Permian reefs of Urals, Soviet Union. It is a com-
mon dweller, epibiont and local framer in the reef of Xiangbo.

Type species: Tubiphytes obscurus Maslov, 1956
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Tubiphytes obscurus Maslov, 1956
(pl. 26 / 4)

Section: xb30—8—11, xb30—2-7, xb28—4—1, xb35~1-2.

Description: Skeletons ramose, with stemn 0.3—0.4 mm wide and 1.8 mm high, with two
concentrical growth layers: the inner one bright, 0.06—0.09 mm thick, the outer one dark,
0.10-0.12 mm thick. A tubiform cavity present in the inner growth Jayer, variable in diameter,
ranging 0.02—0.05 mm across, extending not long. Microstructure of skeletons micritic.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Tubiphytes spinalis sp. nov.
. (pl. 26/ 5)

Section: xb35—7-5 (holotype).

Description: Skeleton ovoid, 0.45—0.50 mm wide, 1.0—1.3 mm long. One end of the skeleton
provided with one to two spines, The spines 0.25—0.36 mm long, 0.08—0.10 wide. Interior of
skeleton showing no growth layer, micritic. One small, tubiform cavity present in the inner part
of the skeleton. The cavity 0.1 mm thick at the end with spines, tapering toward the other end.
The cavity also extends into the spines. It is constant in diameter in the spines, (.03 mm across,
and extends through the length of the spines.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Tubiphytes tubularis sp. nov.
(pl. 26 / 1)

Section: xb28—4-2 (holotype}.

Description: Skeleton ramose and branched, with stem 0.13~0.20 mm wide, Internal cavity
thick, tobiform, 0.05—0.08 mm wide. Interior of skeleton dark, micritic, showing no growth lay-
er.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.

Tubiphytes polyvesica sp. nov.
pl.26/2.3)

Section: xb31—-2-3 (holotype).

Description: Skeletons columnar, thin at the base, thick at the top, 1.25~2.25 mm high,
0.45—0.50 mm in diameter maximally. In holotype, skeletons have two growth layers: the inner
one ring-like, 1.9 mm thick; the outer one 2.15 mm thick. In the holotype, one spherical cavity
(.05 mm across present in the inner growth layer and at least 9 lanceolate cavities 0.005—0.008
wide and at ieast 0.10—0.18 mm long present in the outer layer. The interior of skeletons dark,
micritic. A bright boundary present between the two layers.

Locality and horizon: Reef of Xiangbo, Longlin, Guangxi; Middle Permian Maokou Stage.
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10 Community Paleoecology of
Xiangbo Reef

The community study of reefs is an effective way to reveal their development and distribu-
tion pattern. Because of the difficulties in the study of some reefal organisms such as
sclerosponges and hydrozoans the study of Permian reef communities was hindered in the past.
Thanks to the relatively sufficient materials, the present study makes a big step forward in the
community study of Permian reefs of China.

The term community refers to all of the organisms living in a certain space and integrating
into an organization with a distinctive biological and ecological structure. A reefal community is
composed of different guilds. The term guild refers to all of the organisms which have the same
ecological habit in a certain space. According to their guild composition, the communities of a
reef can be grouped into different commaunity-types (used in this sense herein).

1. Guilds

In the reef of Xiangbo, six types of guild have been recognized. They are as follows:

{1} Framing guild

This guild consists of the calcified organisms which form the framework of the reef. 1t can
be further divided into three types: (1) Monostysisyrinx guild which is composed of the
micro-forest of Monostysisyrinx gen. nov., {2) sponge framing guild which is mainly composed
of sclerosponges, inozoans, sphinctozoans and some hydrozoans, with the sponges and
hydrozoans in the guild diversified morphologically and taxonomically, and (3) Peronidella
framing guild which is mainly composed of thin columnar or thin ramose Peronidella recta and
thin catenulate sphinctozoans such as Soflasia. In framing guild, the average distance between
adjacent component organisms is below 0.1 m.

(2) Baffling guild

This guild consists of the calcified organisms which baffle sediments in the development of
the reef. Similar to the framing guild, the baffling guild consists of sclerosponges, inozoans,
sphinctozoans and hydrozoans diversified in morphology and taxonomy. The difference is that
the richness of component organisms in this guild is lower than that in framing guild. The aver-
age distance between the adjacent component organisms ranges from 0.1 to 0.5 m.

(3) Prebaffling guild

This guild has a taxonomic composition similar to that of baffling guild. But the richness of
the component organisms in this guild is much lower than that in baffling guild. In this guild the
average distance between adjacent component organisms is over 0.5 m.
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{4) Encrasting guild

This guild consists of organisms encrusting on framing or baffling organisms. It is mainly
composed of Archaeolithoporella and encrusting bryvozoans Dybowskizlla and Fistulipora.

(5) Epibiont guild

This guild consists of epibiont organisms which attach to framing or baffling or prebaffling
organisms. It is mainly composed of cystoid microproblematica, especiaily Tubiphytes, some
foraminifera, and some small attached calcareous algae. It is clear that the epibiont guild con-
tributes little to reef formation. However, its presence and features can be indicative of the struc-
ture of the reefal community.

(6) Dwelling guild

This gnild consists of the small organisms which dwell in the interspaces between the fram-
ing or baffling or prebaffling organisms. It mainly consists of Tubiphytes, small spheric
microproblematica, some bryozoans such as Fenestella and Polypora, some foraminifera and
some calcarecus algae such as Solenopore. Parachaetetes, Ivanovia, and Anchicodium. The guild
mainly functions as grain-producers in reef development. Iis presence and features are indicative
of the phase of reef development.

11. Communities and Community-types

In the reef of Xiangbo, five community-types and 12 communities have been recognized,
They are as follows:

(1) Encruster-framer-community (en-F-COM)

This community-type consists of two guilds: encrusting guild and framing guild. It includes
the following communities.

(a) Archaeolithoporelia-sponge community (Arch.-spon.-com) In this community,
Archaealithoporella is an encruster while sponges (including sclerosponges, inozoans and
sphinctozoans, diversified in morphology and taxonomy, generally columnar or coniform) and
some hydrozoans are framers (Fig. 32).

(b) Archaeolithoporella- Peronidelia community (Arch.-Pefo.-com} In this community,
Archaeolithoporella is an encruster while thin columnar or thin ramose inozoans (mainly
Peronidella) and some thin catenulate or ramose sphinctozoans (mainly Sollesia) are framers
(Fig. 33).

(c) Archaeolithoporelia- Monostysisyrinx community (Arch.- Mono.-com)  In this com-
munity, Archaeolithoporella is an encruster while Monostysisyrinx is a framer (Fig. 34).

(d) Archaeolithoporella- bryozoan community (Arch-bryo.-com) In this community,
Archaeolithoporelfa is an encruster while fenestrate bryozoan Fenestella donaica and ramose
Eridopora are framers.

(2) Epibiont-encruster-framer-community (ep-en-F-COM)

This community- type consists of three types of guilds: sponge framing guild, encrusting
guild and epibiont guild. Community of this type is Tubiphytes- Archaeolithoporella-sponge
community (Tubi.-Arch.-spon.-com). [In the community Tubiphytes is an epibiont; drchaeo-
lithoporella is an encruster, while sponges (sclerosponges, inozoans and sphinctozoans) and
some hydrozoans are framers (Fig. 35). The sponges in the community are diversified
morphologically and taxonomically.



Community Paleocecology 135

Fig. 32 Reconstruction of Archaeolithoporella- Fig. 33 Reconstruction of Archaeolithoporella-
sponge community. hyd.. hydrozoan; ino.: Peronidella community. Per.: Peronidella, Sol.
inozoan; scl.: sclerosponge; sph.. sphinctozoan; Sollasia, Arc.: Archaeolithoporella.

Arc.: Archaeolithoporella.

Fig. 34 Reconstruction of Archaeolithoporella- Fig. 35 Reconstruction of Twubiphyies- Archaeo-

Monostysisyrinx  community. Mon.: Monostysi- lithoporella-sponge community. scl.: sclerosponge;

syrinx; Arc.: Archaeolithoporella. ino.: inozoan; Arc. Archaeolithoporella, sph.:
sphinctozoan;, Tub.: Tubiphyies; mic.: microprob-
lematicum.

(3) Dweller-framer-community (d-F-COM)

This community-type consists of dwelling guild and framing guild. Community of this type
is Tubiphytes- sponge community (Tubi.- spon.-com) in which Tubiphytes is a dweller while
sponges such as sclerosponges, inozoans and sphinctozoans are framers.

(4) Dweller-baffler-commumity (d-B-COM)

This community-type consists of baffling guild and dwelling guild. Community of this type
is Tubiphytes-less-sponge cormmunity {Tubi.-less-spon.-com) in which Tubiphytes is a dweller
while sponges such as sclerosponges, inozoans and sphinctozoans are bafflers (Fig. 35).

(5) Dweller-prebaffler-community {(d-P-COM)

This community- type consists of prebaffling guild and dwelling guild. Community of this
type is Tubiphytes-few-sponge community (Tubi.-few-spon.-com). In the community, Tubi-
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phytes is a dweller while sponges such as sclerosponges, inozoans and sphinctozoans are
prebafflers. The sponges in this comiunity are sparsely scattered (Fig. 37).

Fig. 36 Reconstruction of Tubiphytes-less-sponge Fig. 37 Reconstruction of Tubiphytes-few-sponge
community. bry.: bryozoan; ino.: inozoan; mic.; community. Tub.: Tubiphytes.
microproblematicum; scl: sclerosponge; Tub.:

Tubiphytes, sph.: sphinctozoan; hyd.: hydrozoan,

for.: foraminifera.

All of the communities stated above are reefal communities, that is, they occur in reefs. On
the contrary, some other communities do not live in reefs but are related to reefs. They generally
form the bank deposits which serve as the base for reef development. We call these communities
bank-communities {bank-COM). They include the follows:

{a) fusulinid community (fusu.-com} which is mainly composed of fusulinids.

(b} foraminifera-phylloid alga community (fora.-phyl.-com) which consists of phylloid
algae and foraminifera.

(c) Anthracoporella community (Anth.-com) which is mainly composed of Anthracoporelia
and a few Tubiphytes.

The last community related to the reef is foraminifera-dasyclad community (fora.-dasy.-
com), This community is mainly composed of benthic foraminifera and dasyclads. It occurs in
the platforms between or after reef development episodes. Thus we call it platform-community
{plat-COM).

HI. Composition of Community-types

The community- types are different in their composition, especially in the composition of
the main components. [n encruster-framer-community and epibiont-encruster-framer-communi-
ty, the percentage of sclerosponges, of inozoans, of sphinctozoans and of hydrozoans in framers
is 51.2%, 27.3%, 19.4%, and 2.2%, respectively (Fig. 38A). In the dweller-framer-community,
the sclerosponges account for 43.7% of the framers; the inozoans accouat for 26.6% of the
framers; the sphinctozoans make up 24.5% of the framers, and the hydrozoans make up 5.2%
of the framers (Fig. 38B). In the dweller-baffler-community and the dweller-prebaffler-communi-
ty, the composition of the bafflers and of the prebafflers are illustrated in Fig. 38C and Fig.
38D, respectively.
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Fig. 38 Composition of main reef- builders in community- types. A: en-F-COM and ep-en-F-COM; B:
d-F-COM; C: d-B-COM; D: d-P-COM. 1: hydrozoans; 2: inozoans; 3: sclerosponges; 4: sphinctozoans.

From the figures, it can been seen that the percentage of sclerosponges and inozoans in the
encruster-framer-community, epibiont-encruster-framer-community, dweller-farmer-community
and dweller-baffler-community is higher than that in the dweller- prebaffler-community. On the
contrary, the percentage of hydrozoans in the dweller-baffler-community and dweller-prebaffler-
community is higher than that in the encruster- framer- community, epibiont-encruster- framer-
community, and dweller-framer-community, and that of sphinctozoans in the dweller-prebaffler-
community is much higher than it in the other community-types.

Measurement made in the field shows that the coverage of framing organisms ranges
10—30% in the framed facies of the reef.

IV, Living Environments of Communities

Sedimentological and paleoecological analysis shows that communities and
community- types in reefs are controlled by their living environments. On the other hand, the
communities and community-types can serve as the indicative of their living environments. I be-
lieve that the community-types are more convenient in reflecting their environments. It is found
that the encruster-framer-community, epibiont-encruster-framer-community and dweller-framer-
community always occur in the framed facies of the reef. This suggests that these community-

Table 11 The relationship between community-types, communities and their environments

Communities & community-types Fabric-facies Environments
Encruster-framer-community
Arch.-Mono.-com
High-
Arch.-Pere.-com Framed facies 1gh cnerey
", . environments
Epibiont-encruster-framer-community
Dweller-framer-community
Less-high-
Dweller-baffler-community Baffled facies ss- "Bh-encrey
environments
. . Least-high-
Dweller-prebaffler-community Prebaffled facies as eh-energy
environments
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Fig. 39 The sequence of the fabric-rock-types and community-types (community replacement) in the reef
of Xiangbo, Longlin, Guangxi, China. Wu: Wujiaping Satge; Qi: Qixia Stage. A—J: community-types or

communities. A: fusu.-com; B; fora- phyl.- com; C: d-F-COM; D: en-ep- F- COM; E: en- F-COM; F:

d-B-COM; G:d-P-COM; H: Anth.-com; I: Arch.-Mono.-com, J: fora -dasy.-com,
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types represent high-energy environments. The Archaeolithoporella- Monostysisyrinx community
and Archaeolithoporella- Peronidella community always occur in the cemented framed facies,
representing the most typical high-energy environments in the reef. The two communities indi-
cate the climax of the reef development.

The dweller-baffler-community is found distributed in the baffled facies of the reef, repre-
senting the less high-energy or intermediate-energy environments.

The dweller- prebaffler-community occurs in the prebaffled facies of the reef. It represents
the least high-energy or intermediate-energy environments.

Table 11 illustrates the relationship between the communities and community- types, and
their living environments.

V. Community Replacement in Reef Development

In the reef of Xiangbo, the community replacement is characterized by the cyclic develop-
ment of the community- types. At least six cycles can be recognized (Fig. 39). Some cycles in-
clude smaller cycles (that is, cycle IT and cycle III).

The cyclical replacement of the community- types should reflect the cyclic changes of the
environments which are mainly controlled by the paleoclimate as well as some local physical-
chemical factors. It is clear that the comparative study of the community- type replacement of
different Permian reefs over the world would be an effective approach to the paleoclimate of
Permian.
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11 Horizon and Role of the Organisms

The reef of Xiangbo is divided into 39 beds from the bottom to the top. As illustrated in
Fig. 4, bed 27 through bed 38 belong to the Neoschwagerina-zone of Middie Permian Maokou
Stage; bed 39 belongs to the Codonofusiella-zone of Upper Permian Wujiaping Stage. For each
bed, the fabric-rock-type, the guild types and the organisms (if identified) in the guilds are stated
as follows in descending order.

(Abbreviations: scle. = sclerosponges, inoz. = inozoans, sphi. = sphinctozoans, demo. =
demosponges, hydr., = hydrozoans, extr. = exirohydrozoans, bryo, = bryozoans, alga. =
calcareous algae, micr. = microproblematica}

Bed Subbed Fabric-rock-types Organiums and their gallds

35 Packwackestone
IR Prebafflestone Prebatfling guild
Dwelling guild
7 37C Packwackestone  Grain-producing guild
inoz. (transported?); Elasmostoma aperiens, Ramospongia minor
alga.: Gyroporella sp., Mizzig sp., Vermiporella cf.
nipponica
37-B Prebafflestone Prebaffling guitd
sphi.: Solidothalamia lambdiformis
Dwelling guild
37-1~2 Framestone Framing guild
scle.: Pargbauneia scalariformis
inoz.: Peronidella labiaformis, Vermispongia spiniformis
Epibiont guild
micr.: Micritivesica granosa
Dwelling guild
36 36-3~4 Bafflestone Baffling guild
scle.; Tubulispongia concentrica, Tubulispongia continua,
Gracilitubulus perforatus, Bauneia epicharis, Dendrosclera
irregularis
sphi.: Cystospongia guangxiensis, Inirasporecoelia laxa
hydr.: Cancellistroma divilsa, Ditabulipora longidens (covering)
Dwelling guiid
bryo.: Fenestellidae gen. et sp. indet., Rhabdomesonidae gen_ et sp.
indet. B
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362 Prebafflestone

36—1 Framestone

5 358 Framestone

35—6~7 Framestone

35-5 Bafflestone

35-3~4 Prcbafflestone

352 Framestone

351 Grainstone

Prebaffling guild

Dwelting guild

Framing guild

sphi.: Guangxispongia spinalis, ntrasporecoelia hubeiensis

demo.: Mastostroma punctiformis

Dwelling guild

Framing guild

scle.; Parabauneia scalariformis

sphi.: ntrasporecoelia hubeiensis, Intrasporecoelia laxa

hydr.: Concentristroma eucalla, Ditabulipora longidens (covering)

Encrusting guild

alga.: Archaeolithoporella hidensis

Dwelling guild

alga.: Vermiporella cf. nipponica

micr.: Echinivesica robusta

Framing guild

scle.; Mirispongia clathrata

inoz.: Peronidella labiaformis, Homocoelioidea gen. indet.

Encrusting guild

alga.: Archaeolithoporella hidensis

Dwelling guild

alga.. Selenopora guangxiensis, Ivanovia permica, Anchicodium
expressum

micr.: Tubiphyies spinalis

Baifling guiid

Dwelling guild

Prebaffling guild

Cwelling guiid

alga.: Selenopora guangxiensis, Permocalculus cf. fragilis,
Gyroporella sp.

Framing guild

alga.: Monostysisyrinx circularis

Encrusting guild

alga.: Archaeolithoporella hidensis

Epibiont guild

alga.: Sphaeroporella minima

Grain-producing guild

alga.: Anthraceporella spectabilis

Accessory organisms

scle. (transported?): Flabellisclera discreta

inoz. (transported?): Elasmostoma aperiens

bryo.: Fenestella donaica, Fenestella sp. indet.

alga.: Permocalculus cf. fragilis, Vermiporella cf. nipponica

micr.: Tubiphytes obscurus
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M

3

34-8 Bafflestone

34—2~7 Prebalflestone

341 Bafflestone

33-8 Prebafflestone

337 Bafflestone

33-5~6 Framestone

Baffling guild

.inoz.: Grossotubenella paraliela

Epibiont guild

micr.: Polyvesica irregularis

Encrusting guild

alga.: Archaeolithoporella hidensis

Dwelling guitd

Prebaffling guild

scle.. Flabellisclera discreta, Fungispongia circularis

inoz.: Bisiphonella cylindrata, Peronidelia recta grossa, Paracorynella
flexa, Polysiphonella sp. C, Paristellispongia parallelica

sphi.: Polycystothalamia sp., C "ystauletes sp., Tebagathalamia
Iamella

Dweiling guild

alga.: Mizzia sp.

Baffling guild

scle.: Giganrosclera deformis, Bauneia ampliata

Dwelling guild

Prebaffting guild

scle.: Keriocoelia cf. conica

Dwelling guitd

bryo.: Ascopora cf. guadrirubulata

alga.: Permocalcwlus sp.

Baffling guild

inoz.; Elasmostoma sp., Polysiphonelia sp. B

sphi.: Follicatena sp., Colospongia sp.

Dwelling guild

bryo.: Fenestellidae gen. et sp. indet., Rhabdomesonidae gen. et sp.
indet. A.

Framing guild

scle.: Flabellisclera sp., Gigantosclera deformis, Gracilitubulus
perforatus, Bauneia ampliata, Mirispongia clathrata,
Parastrosclera polystellaris

inoz.: Ramospongia minor, Peronidella gravida, Polysiphonella sp. A,
Paristellispongia parallelica

sphi,: Follicatena sp., Polycystothalamia sinuolara, Polycystothalamia
sp., Cystauletes sp., Parauvanella sp., Tebagathalamia
gramularis,

hydr.: Fungistroma daemonia

Encrusting guild

bryo: Polypora sp.

alga.: Paralithoporella sinensis

Dwelling guild

alga.: Pgrachaetetes lamellatus
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33-4 Bafflestone

33-3 Framestone

33-2 Balfflestone

33-1 Framestone

32 32-1~2 Prebafflestone

11 -2 Bafflestone

3i-1 Framestone

30 308 Framestone

Baffling guild

Dwelling guild

Framing guild

scle.: Bauneia ampliata

sphi.: Guadalupia minima, Intrasporecoelia laxa

' Dweliling guild

Baffling guild

scle.: Fungispongia circularis

inoz.: Peronidella gravida, Peronidella labigformis

sphi.: Amblysiphonella sp. indet.

Dwelling guild

bryo.: Rhabdomeson sp.

Framing guild

scle.: Tubulispongia concentrica, Tubulispongia continug,
Fungispongia circularis, Bauneia ampliata

sphi.: Guangxispongia spinalis

Encrusting guitd

bryo.: Dybowskiellg sp., Fistulipora sp. indet.

alga_; Archaeolithoporella hidensis

Dwelling guild

bryo.: Fenestellg sp. indet,

Prebaffling guild

Cwelling quild

alga.: Ivanovia permica

Baffling guild

scle.: Parastrosclera polystellaris

sphi.: Styloeoelia circopora

Encrusting guild

alga.: Guangxilamina incompta

Pwelling guild

alga.: Permocalculus sp., Gyroporella sp., Mizzia sp.,
Macroporella affinis, Anchicodium expressum

micr.: Tubiphytes polyvesica

Framing guild

scle.: Tubulispongia concentrica, Bauneia ampliata, Parabauneia
scalariformis, Parastrosclera polystellaris

sphi.: Tebagathalamia lamella, Stylocoelia circopora

epibiont guild

micr.: Micritivesica granosa

Dwelling guild

Framing guild

scle.: Conosclera vermicula, Reticulocoelia sp., Dendrosclera
irregularis, Parastrosclera singularis

inoz.: Acoelia ruidn, Peronidella recta grossa, Paracorynella flexa,
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29

28

30—6~7 Bafflestone

30-5 Framestone

30—-1~4 Framestone

29-1~2 Bafflestone

28—-2~4 Framestone

Stellispongia sp., Paristellispongia parallelica

bryo.; Eridopora sp. indet.

Dwelling guild

alga.: Solenopora guangxiensis, Ivanovia permica, Sinophylium
hexagonum

wmicr.: Tubiphytes obscurus

Baffling guiid

scle.: Gigantosclera deformis

extr.: Sphaeractinidae gen. indet.

Epibiont guild

micr.: Polvechinivesica regularis

Dwelling guild

bryo.: Rhabdomesonidae gen. et sp. indet. B

alga.: Parachaetetes lamellatus

Framing guild

scle.: Gracilisubuius perforatus

inoz.; Peronidella labiaformis

sphi.: Cystospongia guang xiensis, Imbricatocoelia ramesa, Guadalupia
minima, intrasporecoelia laxa, Stylocoelia circopora

hydr.: Permostroma sinensis

Epibiont guild

micr.: Heterolamellia appressa

Encrusting guild

alga.: Archaeolithoporelia hidensis, Paralithoporella sinensis

Dwelling guild

Framing guild

scle.: Conosclera vermicula, Flabellisclera sp.

inoz.: Peronidelia labigformis

sphi.: Sellasia ostivlata, Colospongia sp., Dictyocoelia manon
(Munster)

hydr.: Tritubulistroma sp.

Dwelling guild

bryo.: Trepostimida gen. et sp. indet. |

alga.: Mizzia sp., Ivanovia permica

micr.: Porivallia sphaerica, Lamellivallia grossa, Tubiphytes obscurus

Baffling guild

Dwelling guiid

Framing guild

scle.: Gracilitubulus perforatus, Reticulocoelia sp.

inez.: Peronidelia gravida, Vermispongia spiniformis

sphi.: Sollasia ostiolata

hydr.: Tritubulistroma irregularis

Encrusting guild

alga.: Archaeolithoporella hidensis
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bryo.: Eridopora sp., Rhabdomesonidae gen. et sp. A
Dwelling guild
bryo.: Polypora guangxiensis, Rhabdomeson sp. indet.
micr.: Porivallia phaseoliformis, Echinivesica robusta, Tubiphytes
obscurus
28-1 Framestone Framing guild
scle.: Reticulocoelia sp.
Dweiling guild
micr.: Echinivesica robusta
27 219 Prebafflestone Prebaffling guild
inoz.: Stellispongia cf. manon (Munster)
Dwelling guild
27§ Framestone Framing guild
scle.: Gracilirubulus perforatus
inoz.; Ramospongia sp., Stellispongiella termieri
Encrusting guild
bryo.: Dybowskiella sp.
Dwelling guitd
bryo.: Trepostimida gen. et sp. indet. 2
alga.: Favoporellg hexagona
27-6~7 Framestone Framing guild
scle.: Bauneio ampliata, Bauneia epicharis, Parabauneia scalariformis,
Parastrosclera singularis, Spumisclera discreta
inoz.: Acoelia ruida, Peronidella labiaformis, Grossotubenella
paraliela, Protocoelia vermiformis, Precorynelia dendroidea
sphi.: Solidothalamia lambdiformis
Encrusting guild
alga.: Guangxilamina incompita
Dwelling guitd
bryo.: Rhabdomesonidae gen. et sp. indet, A
alga,.; Parachaetetes lamellarus
27-1~5 Framestone Framing guild
scle.: Bauneia epicharis
inoz.: Bisiphonella cylindrata
sphi.: Tebagathalamia diagonalis, Intrasperecoelia hubeiensis
hydr.: Cancellistroma ramosa, Cancellistroma divulsa
extr.: Ditabulipora longidens (covering)
Encrusting guiid
bryo.: Eridopora sp.
Dwelling guitd
bryo.: Pelypora guangxiensis, Rhabdomeson sp. indet,
micr.: Echinivesica robusta
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Plates and Illustration

(Al specimens and sections are deposited in Institute of Geology, Academia Sinica)

Plate 1

Fig. 1, 7 Tubulispongia continua gen. ¢t sp. nov.

1: Paratype; Transversal section; X 2. Section no.; xb33—1-16,

7: Holotype; Longitudinal section; % 2. Section no.: xb33—1-R1-5.
Fig. 2 Bauneia ampliara sp. nov,

Holotype; Longitudinal section; x 2. Section no.: xb27-7-1.
Fig. 3 Gigantosclera deformis gen. et sp. nov.

Holotype (from same specimen as xb34—1—3); Tangential section; x 2. Section no.: xb34—[—2.
Fig. 4, 6 Tubulispongia concentrica gen. et sp. nov.

4: Holotype; Longitudinal section; x 2. Section no.: xb31—1-7.

6: Paratype; Longitudinal section; % 2. Section no.: xb36—4-{2.
Fig. 5 Gracilitubulus perforatus gen. et sp. nov.

Transversal section; x 4. With a boring at left. Section no.: xb28~4=4.

Plate 2
Fig. 1, 3 Conosclera vermicula gen. et sp. nov,
i: Holotype; Longitudinal section; X 4. Section no.: xb30—2-7.
3: Paratype; Longitudinal section; X 2. Section no.: xb30—8-13.
Fig. 2, 4 Flabellisclera discreta gen. et sp. nov,
2: Paratype; Longitudinal section; x 2, Section no.; xb35—1-2.
4: Holotype; Longitudinal section; X 2, Section no.: xb34-7-3.
Fig. 5, 8 Gigantosclera deformis gen. et sp. nov.
5: Holotype; Longitudinatl section; x 2. Section no.: xb34-1-3.
8: Holotype (from the same specimen as xb34—}-3); Transversal section; x 2. Section no.:
xb34—1—4,
Fig. 6, 7 Gracilitubulus perforatus gen. ¢t sp. nov,
6: Holotype; Transversal section; x 4. Section no.: xb28—4—7,
7: Paratype; Tangential section at the Jeft and longitudinal section at the nght; x 4. Section no.:
xb28-4-3.

Plate 3
Fig. | Parabauneia scalgriformis gen. et sp. nov.
Holotype; Longitudinal section; X 2. Section no.: xb35—8—6a.
Fig. 2, 3, 8 Fungispongia circularis gen. et sp. nov.
2: Holotype; Longitudinal section; x 2. Section no.: xb33-—-1-i4.
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3: Paratype; Longitudinal section; X 2. Section no.: xb33—-1-13.
8. Holotype (from the same specimen as xb33-1-14); Transversal section; x 3. Section no.:
xb33—1-15.
Fig. 4, 5 Reticulocoelia sp.
4: Tangential section; > 4, Section no.: xb28—4-7,
5: Tangential section; % 4. Section no.: xb28—1-1.
Fig. 6 Bauneia ampliata sp. nov.
Paratype; Longitudinal section at the bottom and Tangential section at the top; x 2. Section no.:
xb33-1-R1-9.
Fig. 7 Dendrosclera irreguiaris gen. et sp. nov.
Holotype; Transversal section; < 3. Section no.: xb30—8—8.

Plate 4
Fig. 1, 3 Dendrosciera irregularis gen. et sp. nov,
1: Paratype; Transversal section; x 3. Section no.: xb30—8—0a.
3: Transversal section; x 2. Section no.: xb30—8-7.
Fig. 2, 6, 7 Mirispongia clathrata gen. et sp. nov.
2: Paratype; Transversal section; x 2. Section no.: xb35—7—2a.
6: Holotype; Longitudinal section; X 2. Section no.: xb33—5—4,
7: Transversal section; X 2. Section no.: xb35—7—2b.
Fig. 4 Spumisclera discreta gen. et sp. nov.
Holotype; Longitudinal section; X 2. Section no.: xb27—6—10.
Fig. 5 Keriocoelia cf. conica Cuif, 1974
Oblique section; x 2. Section no.: xb33—8-2.

Plate 5
Fig. I Flabellisclera sp.
Oblique section; x 3. Section no.: xb33—5-5.
Fig. 2, 3 Parastrosclera singularis gen. et sp. nov.
2: Paratype; Transversal section; X 2. Section no,: xb27-6—2.
3: Holotype; Slightly oblique transversal section; X 4. Section no.: xb27—6—1.
Fig. 4, 8 Parastrosclera polystellaris pen. et sp. nov.
4; Holotype; Tangential section; X 3. Section no.; xb33—5-5.
8: Paratype; Transversal section; x 4. Section no.: xb31-2-2,
Fig. 5 Gracilitubulus perforatus gen. et sp. nov.
Paratype; Longitudinal section; x 3. Section no.: xb33—6—8.
Fig. 6 Bauneia epicharis sp. nov,
Holotype; Longitudinal section at the left and tangential section at the right; x 2. Section no.:
xb27-6—14.
Fig. 7 Dendrosclera irregularis gen. et sp. nov.
Paratype; Transversal section; X 3. Sectiott no.: xb30—8—5b.

Plate 6

Fig. | Dendrosclera irregularis gen. et sp. nov.
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Paratype; Longitudinal section; x 2. Section no.: xb36—4—16.
Fig. 2, 5 Parabauneia scalariformis gen. et sp. nov.
2: Holotype; Vertical section; % 2. Section no.: xb35—8—6b.
5: Paratype; Tangential section; X 2. Section no.; xb37-2-18.
Fig. 3 Reticulocoelia sp.
Longitudinal section; x 48. Section no.: xb30—8—14.
Fig. 4 Tubulispongia continua gen. et sp. nov.
Longitudinal section; x 2. Section no.; xb28—4,
Fig. 6 Bauneia epicharis sp. nov.
Paratype; Oblique section; x 2. Section no.: xb27—-2-6.
Fig. 7 Spumisclera discreta gen. et sp. nov.
Holotype; Longitudinal section (from the same specimen as xb27—6—10); x 2. Section no.:
xb27-6—11.
Fig. 8 Bauneia ampliata sp. nov.
Paratype; Transversal section; X 2. Section no.: xb33—1-R1-11.

Plate 7

Fig. | Precorynella dendroidea sp. nov,

Holotype; Transversal section; X 3. Section no.: xb27-7-3.
Fig. 2 Vermispongia spiniformis gen. et sp. nov.

Holotype; Longitudinal section; X 2. Section no.: xb37-2-12,
Fig. 3 Peronidella minicoeliaca sp. nov.

Holotype; Longitudinal section; X 3. Section no.: xb30—3-3.
Fig. 4, 5 Bisiphonella cylindraia gen. et sp. nov.

4: Longitudinal section; x 2. Section no.: xb34—2-2,

5: Holotype; Oblique transversal section; % 2. Section no.: xb27—-B—2a.
Fig. 6 Peronidella recra Hinde, 1893

Longitudinal section; x 2. Section no.: xb27—6~7a.
Fig. 7, 8 Peronidella recta grossa subsp. nov.

7: Holotype; Transversal section; % 2. Section no.: xb3d—4—1.

8:Sameas 7.
Fig. 9 Protocoelia vermiformis gen. et sp. nov.

Holotype; Longitudinal section; x 2. Section no.: xb27-7-8.
Fig. 10 Grossotubenelia paraflela Rigby, Fan & Zhang, 1989

Longitudinal section; X 2. Section no.: xb26—27-1.
Fig. 11 Paristellispongia parallelica gen. et sp. nov.

Holotype; Transversal section; % 2. Section no.: xb33—6—5,

Plate 8
Fig. 1 Elasmostoma sp.
Vertical section; x 2. Section no.: xb33—7-5.
Fig. 2 Elasmostoma aperiens sp. nov.
Holotype; Part of vertical section; x 2. Section no.: xb35—1-1.
Fig. 3 Peronidella minicoeliaca sp. nov.
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Holotype; Transversal section; X 4, Section no.: xb30—3—4,
Fig. 4 Homocoelioidea gen. indet.

Transversal section; x 2. Section no.: xb35—6—3.
Fig. 5 Stellispongia sp.

Oblique section; x 2. Section no.: xb30-8-9.
Fig. 6 Peronidella labiaformis sp. nov,

Holotype; Transversal section; x 2. Section no.: xb30—5-2.
Fig. 7 Acoelia ruida gen. et sp. nov.

Holotype; Longitudinal section; X 3. Section no.: xb27—6—2.
Fig. 8 ? Polysiphonella sp.

Oblique longitudinal section; X 2. Section no.: xb34—2—1.
Fig. 9 Grossotubencila paraliela Rigby, Fan & Zhang, 1989

Longitudinal section; x 2. Section no.: xb34-8-1.
Fig. 10 Peronidella gravida sp. nov.

Holotype; Longitudinal section; x 2. Section no.: xb33—6-3.
Fig. 11 Ramospongia sp.

Longitudinal section; X 4. Section no.: xb27-8-4.

Plate 9

Fig. 1, 2 Paracorynella flexa gen. et sp. nov.

1: Paratype; Tangential section; x 2. Section no.; xb34—5-2.

2: Holotype; Longitudinal section; % 2. Section no.: xb30—8—4.
Fig. 3 Ramospongia minor gen. et sp. nov.

Holotype; Transversal section; X 2. Section no_: xb33—5-10.
Fig. 4 Grossetubenella parallela Rigby, Fan & Zhang, 1989

Obligue longitudinal section; x 3. Section no.: xb27-7-7.
Fig. § Paristeliispongia paralleiica gen. et sp. nov.

Paratype; Longitudinal section; x 2. Section no.: xb33—5-6.
Fig. 6 Stellispongiella termieri gen. et sp. nov,

Holotype; Longitudinal section; x 3. Section no.: xb27—83.
Fig. 7 Peronidella labiaformis sp. nov. ;

Paratype; Transversal section; % 4, Section no.: xb35-7—1.
Fig. 8 Elasmostoma aperiens sp. nov.

Paratype; Damaged transversal section; X 2. Section no.: 1b37-C-T3.
Fig. 9 Polysiphonella sp. B

Transversal section; x 2. Section no.; xb33—=7-2.
Fig. 10 Polysiphonellasp. A

Oblique transversal section; % 2, Section no.: xb33—5-2,
Fig. 11 Bisiphoneila cviindrata gen. et sp. nov.

Holotype; Longitudinal section; x 2. Section no.; xb27—B—2b.
Fig. 12 Steilispongia cf. manon (Munster) Dieci et al, 1968

Damaged vertical section; % 2. Section no.: xb27-9.
Fig. 13 Blastinia sp.

Oblique transversal section; x 3, Section no.: xb30-8—17.
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Fig. 14 Peronidella recta Hinde, 1893
Transversal section; X 2. Section no.: xb27—6—7b.

Piate 10
Fig. | Sollasia estiolata Steinmann, 1882 '
Longitudinal section; x 2, Section no.: xb28—4—35.
Fig. 2 Follicatena 5p.
Longitudinal section; X 3. Section no.; xb33-5-1.
Fig. 3.9 Polycystothalamia sp.
3: Longitudinal section; x 2, Section no.: xb33—5-15.
9 Longitudinal section; x 2. Section no.: xb36—4~5.
Fig. 4, 7, 8 Cystospongia guang xiensis gen. et sp. nov
4: Paratype; Longitudinal section; x 2. Section no.: xb34—2-9,
7: Paratype; Oblique longitudinal section; x 2. Section no.: xb36—4—10.
- 8: Holotype; Oblique longitudinal section; X 2. Section no.: xb36—4—17.
Fig. § Polycystothalamia sinuolata gen. et sp. nov.
Holotype; Longitudinal section; x 3. Section no.: xb33—5-2,
Fig. 1¢ Parouvaneila sp.
Longitudinal section; x 2, Section no.; xb33—6-2.
Fig. 6 Imbricatocoelia ramosa Senowbari-Daryan & Rigby, 1988
Longitudinal section; X 3, Section no.: xb30—5~14,
Fig. 11 Cysrauletes sp.
Longitudinal section; x 2. Section no.; xb34—2-1,
Fig. 12 Guadalupia minima Parona, 1933
Transversal section; < 2. Section no.: xb33—3—8.
Fig. 13 Intrasporecoelia hubeiensis Fan & Zhang, J985
Longitudinal section; x 2. Section no.: xb36~-1-5.
Fig. 14 Swylocoelia circopora gen. ¢t sp. nov.
Longitudinal section; x 2. Section no.: xb31-1-R1-4,

Plate 11

Fig. 1 Ditabulipara longidens gen. et sp. nov.

Holotype; Longitudinal section; % 2. Section 10.- xb35-8-12.
Fig. 2, 5 Intrasporecoelia laxa sp. nov.

2: Holotype; Longitudinal section; x 2. Section no.: xb33—3-9.

5: Oblique longitudinal section; X 2. Section no.: xb30—5-17,
Fig. 3, 6 Tebagathalamia lamella sp. nov.

3: Paratype; Transversal section; x 2. Section no.; xb31—1—R1.

6: Holotype; Tangential section; x 2. Section no.; xb34~2—6,
Fig. 4 Sollasia ostivlata Steinmann, 1882

Longitudinal section; x 2. Section no.; xb30—2—06.
Fig. 7 Ambiysiphonella sp. indet.

Transversal section; x 2. Section no.: xb33-2-5.
Fig. 8 Solidothalamia iambdiformis gen. et sp. nov.
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Holotype; Longitudinal section; x 2. Section no.; xb37-B.
Fig. 9 Stylocoelia circopora gen. et sp. nov.

Paratype; Slightly oblique longitudinal section; x 3. Section no.: xb30—7-3.
Fig. 10 Colospongia sp.

Longitudinal section; X 2. Section no.: ab33~-7-7.
Fig. 11 Dictyocoelia sp.

Slightly oblique longitudinal section; X 2. Section no.: xb31-1-8.

Plate 12
Fig. 1, 2 Tebagathalamia diagonalis sp. nov.
1: Holotype; Longitudinal section; x 2. Section no.: xb27—7-3.
2: Holotype; Transversal section; % 2, Section no.; xb27-7-2,
Fig. 3, 5, 6 Guangxispongia spinaliy gen. et 3p. nov.
3: Holotype; Longitudinal section; x 2. Section no.: xb33—1-R1-3.
5: Paratype; Tangential section; x 2. Section no.: xb36—1-8.
6: Paratype; Oblique section; x 2. Section no.: xb36~1-6.
Fig. 4 Solidothalamia lambdiformis gen. et sp. nov.
Transversal section; x 2. Section no.: xb27—6—12.

Plate 13
Fig. | Fntrasporecoclia hubelensis Fan & Zhang, 1985
Longitudinal section; x 2. Section no.: xb35-8-11.
Fig. 2, 3 Ditabulipora longidens gen. et sp. nov. .
2: Holotype; Vertical section; x 40, Section no.: xb35-8—12,
3: Same as 2.
Fig. 4 Dictyocoelia manon {Munster, 1841) Ott, 1967
Longitudinal section; x 3. Section no.: xb30—1--2.
Fig. 5 Sphaeractinidae gen. indet.
Longitudinal section; % 2. Section no.: xb30—7-2.
Fig. 6 Stylocoelia circopora gen. ¢t sp. nov.
lL.ongitudinal section; x 2. Section no.: xb31-2—1.

Plate 14

Fig. 1 Permostroma sinensis gen. et sp. nov.

Holotype; Longitudinal section; x 3. Section no.: xb30—5--5,
Fig. 2 Fritubulistroma irregularis gen. et sp. nov.

Holotype; Longitudinal section; x 4, Section no.: xb28-4—6.
Fig. 3 Ditabulipora longidens gen. et sp. nov.

Longitudinal section; x 4. Section no.; xb27-5.
Fig. 4 Mastostroma punctiformis gen. ¢t sp. nov.

Holotype; Longitudinal section; x 2. Section no.: xb36—1-2.
Fig. 5 Concentristroma eucalla gen. et sp. nov.

Holotype; Vertical section; x 2. Section no.: xb35-8—9.
Fig. 6 Stviocoelia circopora gen. €t sp. nov.,
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Holotype; Longitudinal section; X 3, Section no,; xb3(0—5—8.

Plate 15
Fig. 1 Cancellistroma ramosa gen. et sp. nov.
Holotype; Longitudinal section; X 4. Section no.: xb27-B-3.
Fig. 2 Cancellistroma divulsa gen. et sp. nov.
Holotype; Longitudinal section; x 2. Section no.: xb36—4—5.
Fig. 3 Trirubulistroma sp.
Oblique section; X 4. Section no.: xb30—2-7.
Fig. 4 Fungistroma daemonig gen. et sp. nov.
Holotype; Longitudinal section at top part and transversal section at botiom part; x 3. Section
no.: xb33—5-1.

Plate 16

Fig. 1 Rhabdomeson sp.

Transversal section; x 48. Section no.: xb33—2—4,
Fig. 2 Fistulipora sp. indet.

Oblique longitudinal section; x 48. Section no.: xb33-1-10,
Fig. 3 Eridopora sp. indet.

Transversal section; x 48. Section no.: xb30—8—1.
Fig. 4 Fenestella donaica subsp.

Tangential section; X 48. Section no.: xb35—1-2,
Fig. 5 Trepostimida gen. et sp. indet. 1

Tangential section; % 48. Section no.: xb30=2-7,
Fig. 6 Rhabdomesonidae gen. ¢t sp. indet. B

Obligue section; x 48. Section no.: xb30—7-6.

Plate 17

Fig. 1, 4 Dybowskiella sp.

1: Transversal section; x 48, Section no.: xb27-8—2.

4; Longitudinal section; x 48. Section no.: xb27-8-2,
Fig. 2 Eridopora sp.

Vertical section; x 48. Section no.: xb28—4—4.
Fig. 3 Rhabdomeson sp. indet.

Transversal section; x 48. Section no.: xb28—4—5.
Fig. 5 Fenestella sp. indet.

Tangential section; x 48, Section no.: xb33-1-8,
Fig. 6 Fenestellidae gen. et sp. indet.

Transversal section of a branch; x 48, Section no.: xb33—7-3.

Plate 18
Fig. 1 Trepostimida gen. et sp. indet. 2
Tangential section; % 48. Section no.: xb27—8-2.
Fig. 2 Polypora sp.
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Tangential section; x 48, Section no.: x633—5-15.
Fig. 3 Polypora guangxiensis sp. nov.
Holotype; Tangential section; x 48, Section no.: xb28—4-7.
Fig. 4 Rhabdomeson sp.
Longitudinal section; x 48. Section no.: xb33-2-9,
Fig. 5 Rhabdomesonidae gen: et sp. indet. A
Oblique section; x 48. Section no.: xb28—4-1,
Fig. 6 Ascopora cf. quadritubulata Xia & Liu, 1986
Transversal section; x 48, Section no.: xb33—8-2.

Plate 19

Fig. 1 Solenopora guangxiensis sp. nov.

Holotype; Longitudinal section; x 48, Section no.: xb35-7-3.
Fig. 2 Solenopora guangxiensis sinuosa sp. et subsp. nov.

Holotype; Longitudinal section; x 48, Section no.: xb30—8—11.
Fig. 3 Anthracoporella spectabilis Pia, 1920

Longitudinal section; x 48. Section no.: xb35—-1-7;.
Fig. 4 Guangxilamina incompia gen. et sp. nov.

Holotype; Vertical section; x 48, Section no.: xb31-2-3.
Fig. 5, 6 Parachaetetes lameliatus Konishi, 1954

5: Longitudinal section; x 48. Section no.: xb33-5-3,

6: Transversal section; X 120. Section no.: xb30—6—1.
Fig. 7 Permocaiculus sp.

Oblique section; x 48, Section no.: xb31-2—1.

Plate 20

Fig. 1 Sinophyllum hexagonum gen. et sp. nov.

Holotype; Vertical section; x 48. Section no.: xb30—8—6.
Fig. 2 Favoporella hexagona gen. et sp. nov.

Holotype; Part of longitudinal section; % 48. Section no.: xb27-8—4,
Fig. 3 Monostysisyrinx circularis gen. et sp. nov.

Transversal section of many individuals; Cemented framestone. x 4. Section no.: xb35-2.
Fig. 4 Anthracoporella spectabilis Pia, 1920

Sections of segments. Grainstone. X 2. Section no.: xb35~1,
Fig. 5 Archaeolithoporella hidensis Endo, 1959

Vertical section; x 48. Section no.: xb34—8--3.
Fig. 6 Permocalculus sp.

Tangential section; x 48. Section no.: xb31-2—1.
Fig. 7 Anchicodium expressum sp. nov.

Holotype; Vertical saction; X 48. Section no.: xb35-7-2,
Fig. 8 Ivanovia permica sp. nov.

Holotype; Vertical section; x 48. Section no.: xb30~1-3,
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Plate 21
Fig. 1 Ivanovia permica sp. nov.
Holotype; Oblique section; x 48. Section no.: xb30—1-3.
Fig. 2 Anchicodium expressum sp. nov.
Holotype; Vertical section; x 48. Section no.: xb35-7-3.
Fig. 3 Phylloid alga: (? fvanovia)
Vertical section, with epibionis; x 48. Section no.: xb26—27-R3.
Fig. 4 Monostysisyrinx circularis gen. et sp. nov,
Holotype; Longitudinal section, with epibiont of Sphaeroporella minima gen. et sp. nov.; Thallus
tube walls seen; X 120, Section no.: xb35-2.
Fig. § Archaeolithoporella hidensis Endo, 1959
Vertical section;, Sparry cements between thallus seen; x 120, Section no.; xb28—R.
Fig. 6 Permocalculus of. fragilis (Pia) Elliott, 1955
Oblique section; x 48. Section no.: xb35—4-2.
Fig. 7 Favoporella hexagona gen. et sp. nov.
Holotype; Longitudinal section; x 48. Section no.: xb27—8—4.
Fig. 8 Vermiporella cf. nipponica Endo, 1954 '
Longitudinal section; % 48. Section no.: xb35-1-3.

Plate 22
Fig. | Permocalculus cf. fragilis (Pia) Elliott, 1955
Oblique section; X 48. Section no.: xb35—4-2.
Fig. 2 Gyroporella sp.
Transversal section; x 48. Section no.: xb35—4—2B.
Fig. 3, 9 Monostysisyrinx circularis gen. et sp. nov.
3: Longitudinal section, with encrustation of Archaeolithoporella;, x 48. Section no.; xb35-2.
9: Holotype; Transversal section; thallus tube wall seen; x 120, Section no.: xb35-2,
Fig. 4 Paralithoporella sinensis gen. et sp. nov, ’
Holotype; Vertical section, boundary between cells seen; x 48, Section no.: xb30—5-6.
Fig. 5 Macroporella affinis Endo, 1969 '
Transversal section; %48, Section no.: xb31-2—-1.
Fig. 6 Favoporella hexagona gen. ¢t sp. nov,
Holotype; Tangential section; x 120, Section no.: xb27—8—4,
Fig. 7 Sphaeroporella minima gen. et sp. nov.
Holotype; Radial section; Attaching to Monostysisyrinx circularis; x 120. Section no.:
xb35-2-1.
Fig. 8 Mizzia sp.
Transversal section; X 48. Section no.: xb30—-2-4,

Plate 23
Fig. 1, 3 Porivallia phaseoliformis gen. et sp. nov.
- 1: Holotype; Longitudinal section; x40. Section no.: xb28-3-2,
3: Paratype; Longitudinal section; x 40, Section no.: xb28—3-3.
Fig. 2 Lamellivailia grossa gen. et sp. nov.

o

— .
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Holotype; Longitudinal section; x 40. Section no.: xb30-3-2.
Fig. 4 Porivallia sphaerica gen. et sp. nov.

Holotype; Vertical section: x 40. Section no.: xb30—2-10.
Fig. 5 Echinivesica robusta gen. et sp. nov.

Paratype; Vertical section; % 40. Section no.: xb27-2-2.

Plate 24

Fig. | Lamellivallia grossa gen. et sp. nov.

Paratype; Longitudinal section; x 40. Section no.: xb30—2-3.
Fig. 2 Polyvesica irregularis gen. et sp. nov.

Holotype; Vertical section; x 40. Section no.: xb34—8-3.
Fig. 3 Heterolamellia appressa gen. et sp. nov.

Holotype; Vertical section; x 100. Section no.: xb30—5—1A.
Fig. 4 Echinivesica robusta gen. et sp. nov.

Paratype; Radial section; x 40. Section no.: xb35-8-7.
Fig. 5 Echinivesica incondita gen. et sp. nov.

Holotype: Radial section; x 40. Section no.: xb30—2—10A.

Plate 25

Fig. | Heterolamellia appressa gen. et sp. nov.

Paratype; Vertical section; x 40. Section no.: xb30—5—1B.
Fig. 2 Micritivesica granosa gen. et sp. nov,

Holotype; Vertical section; x 40. Section no.: xb37-2-12.
Fig. 3 Echinivesica robusta gen. et sp. nov,

Holotype; Radial section; x 40. Section no.: xb28—R6.
Fig. 4 Polyechinivesica regularis gen. et sp. nov.

Holotype; Vertical section; x 40. Section no.: xb30-7-7.
Fi

'

g. 5 Echinivesica incondita gen. et sp. nov.
Paratype; Radial section; x 40. Section no.: xb30-2-10B,.

Plate 26
Fi

—

g. | Tubiphytes tubularis sp. nov.
Holotype; Transversal section and oblique section of branches; x 40. Section no.; xb28—4-2,

Fig. 2, 3 Tubiphytes polyvesica sp. nov.

2: Holotype; Longitudinal section; x 40. Section no.: xb31-2-3.

3: Paratype; Longitudinal section; x 40. Section no.: xb31—2-3.
Fig. 4 Tubiphytes obscurus Maslov, 1956

Longitudinal section; % 40. Section no.: xb30—8—11.
Fig. 5 Tubiphytes spinalis sp. nov.
Holotype; Longitudinal section; x 40. Section no.: xb35-7-5.
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