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Ahstract 

This paper is divid吉d into three parts. Part: Iしonsider只 the survey of the previous stuc1ies， 

morphology， "shell mineralo日vぺrepr口rlucti口n、ecology‘m何日revolutionary l:rends. phylo伊 ny，clas~， i 

11cation， aml other paleonto 1川dc乱llyinteresting aspccts of the calcareolJs meml，crs of the :fmnily 
Codlaceae rDれinlybined 011. their P札leωoicrepresentatives. Part TI deals with 

SYi3t内Tlatic:3of the Paleowic Cocliaceae I.lSεd f臼rthe analysis of P出 t1. Two suhfamilies， twァotrihes.， 

and twenty-two 只eneraa1'e included: three耳eneraare ne¥v to SGlenCe句 Alayoshijうhycus，Hoegiotsisヲ

ancl Palmajうhylon.All the original illm:lrations of the genoholotypes are reproduced. Part III com、erns

the h1".lf三 histo1'Yof the "tucl目的 morpholo江Yラ n~productiün， ecology， and elassif1じatiO!l of the Gymno 

cocliaceae in comparisoll with cakareous mernher of the Chactangiaceae (R.hodophyceae)‘ A g'eneral 

cliscussion 011 the method of stucly for fossil calcareous algae is prepared at the encl of Part 1. An 

extensive hibliography ancl宮lossarymake the appendix 

The history of the studies on the fossij Codiaceae may be dissected into the五vestages ; (1) 

Earlieγ 札口目、 (2) Olcl Continents period (prior to 1935ト (3) Ages oJ expansion beyonc1 Europe (after 

}(35)， (!l) Dawn 01ρconomic interest in carhonate-builcling nature of Codiaceae in relation 1:0 petrol札1m

inclustry (after 19;j5) ， and (5) Period of int巴grativecollabora1:ion of 宮eologists町 paleopl"lycologistsッ

neophycolo!耳目ts，geochen11sts， biocherl11stぉ， and ecoloιists (afteτ1950)ー

Comparative morphology between the Recent Coclinceae and thei1' Paleozoic counterparts reveals 

that tbe latter except those which belong to the suhlamily Garwoodioideae is comp乱red with the 

subfamily Udotoideae and that it is seg1'egatecl into three morphological suites in terms of the habit 

of g1'Owth; (1) the first resemhling Udotea， (2) the second being like Halimeda， ancl (3) the third 

sI1nilar to PCl削 :i!lus. The五1'stg1'Oup (trihe Udoteae) is uhiq立itouslyfound in the marine carbonat己

sequences ranging fr口m llpper Mississippian to lower Permi日nin profusion. 11 is emphasized that the 

vagllely clεfmed tcnninology of the fossil Codiaceaεbe replaced hy the present te了minologyfor the living 

Codiaceae. 
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Because of th21t the c21rbonate minerals precipitatecl by th巴 Co仁ムiiaceae21re Dot c21lcitic but aragonitic 

with poor Mg and appreciable Sr content， and that the mineralogical difference seems to correlate 

with旺uctuationof C日/02value， the mineralo-chemical 乱nalysis of carbon旦tes in fossil ca1careous 

alga巴 may be a useful m巴旦nsto determine their major cJassification 

Codium ancl Halimed科目thermonoecious 01' dio己CIOUSラ areonly two genera whose life hisLory 

has been throllghly knovm as a sexlIal reproduction cha工:acterizedby an alte主nationof a diploid plant 

with haploid gametes， the gametes representing the only haploicl stage in the diploid life-cycle_ These 

genera apparently of the same pattern of life hist口てy have distinctly different types 01 gametangiaフ

one with internal， and the otheで withexternaL Thre己 Paleozoicgenera， Uvaフ Orthriosipho抑) and 

Eugo加点hyllumare lmown to preserve gametangian structure， internally_ Translocation of the game-

tan宮ia，such as postu¥atecl for the Dasyclac1aceae might aJωbe pyoposec1 foτthe Codiac印 ιHowever，

it cannot be ruled out Ihat ceγtain ancient members of the Cocliaceae 11山lyhave cleveloped a rather 

diffεrent mocle of repτoc1uction. 

Ecological information of the Recent species of five calcareous p;enera (Halimed仏 Udotea，Penicilius， 

Rhipocethalus， and Tydemania) inc1icates tbal. like Dasyclacl江ceaeand c乱Icar巴ousChaetangiaceaeヲ they

live uncler such environments as; (1) surface water temperatllre being mostly ;n the area where 

isocrymes are丘bove120C ancl isotheres are above 200Cヲ (2)bathymetry， mostly shallower than 50 m 

(upper sublittoral)フ (3)also， mostly under the protectecl旦ι1calm conditions below low ticle level or 

even below wave base， and (4) t11巴 suhstratm:n，mostly of the calcareous mucl or calcareous sancl. 

These ecologicai data can bc applied to paleoecolo日ical 乱nd seclementological analysis of ancicnt 

carbon乱tcsec1im巴nむよ as proven by the studies on the Mi同 issippiansedimenls of Alberta and Montana， 

Pennsylv日nianrocks of Ne¥v I¥，1exlco and I(ansas; and Perrni811 beds of Kansθふ andby the previous 

reports on hiohermal or non-biob:rmal build--llPS in the scattered 8reas. 

Paleophytogeographic surveys of the Codiaceae as well as th.e Dasycladaceae and Gymnocodiaceae 

fm each period of th巴 PaleozoicEra suggest that climat 
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Dasycladaceae must have taken place during the same general time. These two families might have 

deriv巴dfrom a common stock、butthe available data do not support the prevailing concept that the 

Dasycladaceae are derivatives from the Codiaceae. A probable phylogeny of the Paleozoic Codiaceae 

is outlined along th巴 threemajor suites; (1) subfamily Garwoodioideae， (2) tribe Udot巴ae，and (3) 

tribe Halimedae 

Referring to the recent cytological studies by Feldmann (1946， 1954) and others， the author 

redefines both Gepps' subfamily収Udoteae"(Udotoideae of the pres巴ntstudy) and Pia's "Mitcheldean-

ieae" (Garwoodioideae) and recognizes four subfamilies in the Codiaceae. The major part of the 

fossil Codiaceae belongs to th巴 Udotoideaewhereas th巴 restmay properly be classified in the Garwo-

odioideae. The subfamily Udotoideae is further subdivided into three new tribes; Udoteae， Halim-

edae， and Pseudochlorodesmeae. 

Introduction 

Among the fossil representatives of three major families in calcareous algae， whi'ch 

are conspicuous in the Recent tropical and subtropical oceans， the fossil Codiaceae (prac-

tically Udotoideae) have received but scanty attention for a long time， if compared with 

the other groups一一一Dasycladaceaeand Corallinaceae. The available information indicates 

that the family Codiaceae (subfamilies Udotoideae and Garwoodioideae)， like the Dasy-

cladaceae， have developed best in the quantity of the genera during the Paleozoic Era， so 

that the era seems to be the crucial time to analyz巴 thehistory of the Codiaceae. For 

these two main reasons， the study of the Paleozoic Codiaceae has been a major interest of 

the author's paleophycological study during the last many years. 

Fortunately， the project to review the geologic occurrence of fossil algae in a given 

geologic period， in which the author participated after his transfer from the University of 

Tokyo to the Colorado School of Mines， has made good progress r巴centlyCJohnson and 

Konishi，吠EarlyCarboniferous" (Missi回ippian)in 1956; Devonian in 1958; Siiurian in 

1959)， and has becom巴 aframe for the analysis of the history of the Paleozoic Codiaceae. 

However， the most serious di伍culty has been found rather in the foundation of such an 

曹 analysis; that is， the desparately independent terminology and understanding between 

吹paleophycologists" and 勺leophycologists". Almost all the fossil Codiaceae have been 

described as fossil fragments rather than plant r巴mainsby a t巴rminologyhardly under“ 

standable for the neophycologists. To restor巴 thistragic divorce， there seems to be only 

one approach at present which is， the author believes， to introduce botanical terminology 

and concept into paleophycology and to let the paleophycologists become familiar with 

th巴m. A certain confusion or misconception associated with this step may not be avoided 

naturally. But the harvests which will result from the cooperation with the neophycologists 

se巴m to be very important for the future of paleophycology. 

Thus， this treatment is designed toward three major aims ; 

( 1) botanical comparison between the Paleozoic and Recent forms of the calcareous 

Codiaceae， in respect to morphology， life. history， ecology， etc.， 

( 2) analysis of the historical development of the Paleozoic Codiaceae， and 
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( 3) establishment of a common classification 

of the Codiaceae. 

to both fossil and living m邑mbξrs

The material us巴dfor this is described under a s記parates巴ctionPart II in the 

forthcoming issue of this It i8 basεd on th巴 coll巴ctionsfrom North 

America and the Japanese Islands. A short revi日w of the historical consequence of the 

on the fossil Codiaceae is attached at the The taxonomy of thε R.ecent 

Codiaceae is now .in the procεss of revisionフ the Udotoideae in which a11 the 

calcareoU8 members of the R巴centCodiaceae乱ndalmost a11 of the Paleozoic Codiacea日乱re

included may be raised to 80 family rank as U doteacε80e in future. Therefore， thεtit1e of 

this pap巴rm旦ybεre旦d80S 代Studi日Sof Paleozoic U cloteaceae and 80llied 

The1'e are two kinds of the P8oleozoic calcar司色ousalgae which often 80re 

referred to the CodiaceaεThe and discussion of on日 ofthese two allies-一一

the ←ー丘reincluded in P旦rtIII of th巴 paper.

It 1S a gr記at 町 toacknowledge the hεlp of those who guided and assisted th巴

author in the field of pal色シ whichis still probably the le80st lmown branch in 

p801己ontology. Above Professor Teiichi Kob旦yωhiof the Institut巴，

of and the present a5 a theme of the autl:IOr冶

work at the Institut巴、 andkindly offer巴dthe privilei':e of using laboratorv and 

1ibrary facilities dur崎 the The autho1' is most to him. The author' 

sincere thanks are ext台工ldedto Professor Em日ritusl Harlan at the Colorado 

School of I¥lIines who support巴dthe authorラswork at the Co1or・adoSchool of 

supplied the facilities of フand for thεpresent gav巴 valuable

advice and theιHe  also took many of the photographs us町1for 

the text. The coHections undεhis at the Colorado School of as 

W巴11as those which now have b巴entr九nsfεrredto the U. S. G巴 Surv巴yatDenver 

criticaI sources for th邑 pr日sentstudv. Dr. Curt T巴ichertof th巴

u. S. has r巴ada part of the and lTlany 

inva1uab1e criticisms. 

Thεauthor is a180 for the kind assistance of Profes8or Arbo Ov巴 at the 

Univ色rsityof Os10 (Blindern)フ Dr.G. H. Elliott乱tthe Petro1eum. Ltd. (London)， 

Professor A1an W ood at of ¥，月lales Professor Bnmo 

Accordi at R.ome Univ己rsiti人 Dr.Riehard RεZ日k at the Shell Oil Devε10pm己nt

Dr Endo乱tth巴 SaIEaIn乱 フ andProfεssor Eme1'itus 

Hisakatsu Yabe at Tohoku who answered 3utho1'ヲsquestions， suppli巴d

va1uable informations， or pεrmitted the use of the precious specim巴nsunder their jurisdic-

t1On. 

The author's phycologicai background has been broad己nedby discussions with such 

distinguished phycologists as Professor Seibin A.rasaki at the ア ofTokyo， Professor 

Sokichi at ヲ ProfεssorMa幻NellS. at the 

University of Hawaii (Honolulu)， Professors Gεorge F. P証penfussand Paul C. Si 1 v旦 at1:he 
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Univ巴rsityof California CBe.rkel巳y入 ProfessorTakeshi Tanaka at Kagoshima University， 

Professor Yukio Yamada at HoklぐaidoUniversity (Sapporo) and Professor Jean Feldmann 

at Universite de Paris. Dr. Mitsuo Chihぽ a at Shirnoda Marine Bio1ogica1 Station 

乱ttacheι1to thヒTokyoUniversity of Educatiol1 collected the spe.cime.ns of Recent Galaxaura 

used for the present study. Nlessrs. Hara andSom丘、 forn:ler students of the 

Botanica1 Institute of the Univ色 o[Tolマopreparεd thin sections of Gala:xaura fastigiata 
for the pr巴sentstudy匂 underthe of Dr. Shunji i，九Tatariof the. Institute. The 

乱uthoris de.eply gra1日{u1to these. botanists for their help in this 

Along with Dr. Johnson's and al1tho1"8 o'.''1n collections， thc specimens ex:乱minedduring 

the p1'esent study include those which were eith巴士 01' lent to the乱uthorfrom the 

following American and Jap丘.nesepaleontologists， to whom the author extends many sincer巴

th乱nks. Withol1t th巴11' 己xtensive collections， this typ日 of study れ叩uldnot have been 

possible. They are 

Dr. Preston E. Cloud， J1'、 U.S. Geological Smv色y，

D1'. G. Arthu1' Cooperラ U.S. National Museum， 

Dr. Raymond Doug1as、u.S. Geological 

D.C 

D. C 

D. C 

Professor Emeritus Carl O. Dunbar、 Yal伝ラ N己IVHaven. 

P1'ofessor Em日1司itusJ. J. Gallow孔y噌 Indianll.University今 Bloornington.

Dr. Lloyd G岨 Henbest，U S. Survεv‘vvωbim:ton. つ C

Dr. Kametoshi Kanmera， Kyushu 

Dr. Edwin D. McKee， U. S. Denv記1'.

Professor Raymonc1 C. l¥;foor己ラ K乱n百九日 University， L日WTence.

Professor Norman D. New日11.Columbia Universitv. New Y川 lzp

Professor Ryuzo Toriyarna， Kyushu 

Dr. John L. Wray， Denver R在日巴乱rch tbe 仁)hio仁川1Cornpanyフ Littleton， Colorado司

Howe of the Missouri Geological 

autho1' to samp1e the collections in fleld work. 

Among the many libraries which th巴 author11旦dthe 
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to use‘ those at the 

Colorado Scho01 01: Mines， the Michi只anState UllIversity， Ea"t Lansinふ乱ndthe U. S. 

Geological SllTvey， Denver¥were most useiul particular tbnnlゅ aredue to Miss Madelと111ぜ

Gibbons and Mrs. Helen John8ton who assisted in 01対日llnlTIgmany J'are references 

through interlib了arvloan5 

The initial phase of this study ¥ovas supported by a grant from the 1¥1inistry of Educatiol1 

of the Japanes巴 Governmen1:フ andthεla1:er宅 andmajor勺 phaseWilS ，mpported by grants 
from the Colorado School of Mines， C01orado School of ]¥;1ines吾、oundatio九 Golden、andthe 

Japan Society， Inc.ァ NewYork. Th巴 grantfrom the Fulbright Program of the State 

Department of the Unit巴dStates Gove1'nment made it possiblεto continu巴 thestudy at the 

Colorado Scho01 of Mines during th巴 autho1"sstay in the United States. The author 

sincere1y thanks these organii¥ations and their stafI for the financial support of this study 

Finally， the author vvishes to dedicat巴 tbissmall treatise to the late Dr. JuIius von 
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Pia， the world's foremost 旬、;vhomwe owe much of our knowledge of the 

Paleozoic Codiacea巴

His抗日RcalRevi.日明Tof Stm::Hes of Fo出sHCodia<:ea合

〔ておhthsp巴Cl日1refεrence to those of 

The of our of the fossii Codiaceae and thεir a1lies i tself seems to 

be an suitable to make a sizable booklet. Th己 may be 

as the consequence of historical evεnt8 which have infiuenced the advancement of the 

V司rious of invertebrat色巴 this wiU be devoted to a 

review of the milestones o[ thεstudies of fossil Codi司ceaeヲ ratherthan 

b記causeof the limited spa己記 This discusses not only the P呂leozoic

Cocliacεae but旦Isoth巴 laterCocliaceaeo 

Lik巴 the ラ the group of considered乱sthe Codiac巴日e

was recorded as then laterラ b己causeof thεnat1江 eln 80nl巴

memb日rs，part 01 tbem wcre tr乱nsf己rredto the animal ラ and moved back 

to the plant The lossil Codiacεae hacl to pass the same 

Earlier m --The flrst record of Paleozoic Cocliaceaεmay 

be traceι1 back as巴 as1888ヲ iNhen Nicholson clescribecl て'Mitchelaeαnia ラヲ 乱S日

1νAへ，1一1ichvvas 1ヨ丸r喝'over己d 一 Gユar山rれ4可下:v，弓1、仰odt加obε pμ3メla山nt，ヲ 乱I口1c叶dpμl之札lce仁cl日n10口gth台 Codiacε乱e

Pia 巳 Therecord of Recent Codiacεaeヲ hO¥/¥T巴V巴1'， of the 

which are the a greaI 111乱nyyears befor記 this

fIrst record of the PョleozoicCodi旦ce旦e，

Thεeadiest 1'ecord of the best known ge口USof th色 can be 

found under the name of五、ertolarain the floral list of the 乱S

This is the same now called H， tuna (EIL et A simiiar 

which is to be seen in his hεrbarium in the British Museum， was later called Corallina 

Hans Sloane 1n 1760ヲ乱 nameSertularia owas pfOD02.ed 1v Luclv!Ir! in 

Bo巴hmel・'s DeL Gen， Plant. (p. anothe1' 

introducεd Hill ぅ日issue1773， p， 12ヲ pL3) two 

brevibω latis (= Halimeda and O. s， Rotundiorbis (= H. Ellis 

discussecl two forms from }amalca 110W knovvn a8 II 乱nd1-1 

them a1'ticulate cor乱llinε。1-1i8co11εction ¥V8.8 1乱terdεscribed Solancl巴r(1786)タ

the flrst tlme， described the under 1:h己 binominalnam己 ofthe genus Corallina. 

FIe also rεferred the genus to the animai 且 becausεofth巴 calcareous ヲ or

even sugge8ted it to be "a linkεE立 thetwo !)日， 1901， p， 

1-2). In 1812， Lamourom三distinguish巴dsix of Cor，αllinαand巴stablish巴da new 

genus Halimeda， Howeverヲ hεstillfol1owed the animal concept and was "indined to be 

sco工nfulabout a celebrated TvL A. R who declares H. tuna to be a 

The firstとl巴finiter日cmdof th己 inclusionof F1. tunαin th己 undεr

the narne of l10rrnisus would seem to have been in an unpublished 
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of Tar引oni-Tozzetti. Bertoloni m巳ntionsthis and gave FL 

as a synonym ~)f his nam巴 FucusSertolem. NardoラsSerめJω'a(1834)， bas己don 5) 

Nardo (= H tur.占的， i5 1n 

toponym) of Seriularia 

conservation on l-lalirneda 

cl且ssical.....・"フ p

in 1901 

variant and hence a latεr hOH対lnym. W巴l!as 

p. ttth巴 nomenclatural 

needs the formal arguments， since this genus is 

The genus was studi巴d Barton 

Thehrst fossil Halirneda record己dwas from the Eocene sandston己 01

Vienna under thεnam巴 ofFlβlirneda salうoriae 1894， p. Becaus色 the

fossil is ns asslgnment was later 巴

p. 164). Sεilacher ラ p.226フ 8，五g.7) is inclined to consider u as an lchno句

fossi1. Another fossil named Halimeda ど'eriwas described fwm th巴

Cret乱C己ous Liburnau J. Lorenz (1897). This later became the type of 

Lorenz's new 伊 nusHalimedides (1902). The Codiacean nai旧日 ofthis was 

doubted フ p. and Pia whether this fossil reprεsents 

rεrnaH1.sくPiaラ 1927，p. . A dε五nitefossil Halimeaa '01<1.5 thus lound in the I¥l[iocene 

reef lim日stoneof East sorneo Rutten (1920)， 乱ndlat巴rin the Eoc己主!e(or Mioc巴n巴)of 

Auv巴士81乱nof Hauteville and of Gaas MorεUet 

and Morellet (1923). Nc円vfossils of Halimeda are known to b巴 V巴rycommon in C巴nozOlC

strata th巴 andPaciflc. Sorn日 have beel1 described 乃ven

frorn the Cret乱ceousrocks C5、γ

The now knmvn as Penicillus Lam日.rckjs se巴nin Linnaeusヲ

ヨヲ p. under the na四日 of Coral!ina Penicillus. L乱rna主ck(1813)， the fa1her of 

mvert色bratε i.ntrodllced the genus Penicillus on the b乱sisof the 

from Corallin仏 on'which Lamotlroux p. establishecl 3 difierent gen日rlCn乱Ule

J¥Tesaeα a year before. Both ーしnnarckand Lam0111 むL1X Vleloε of the 

Nesaea was comnared ¥¥川11 Thi日立eI!erlcnan1e 

was pr日VIOUSI.y preoccupleCl tJy a g己nusof so that LamaτCk:;3 

Peniciltus hecame v品lid. Sev(う r~\l years later， p 

Penicillus as a 

Th巴 ofPeJ1icil!us 01' a very similar typ尽 ina fussil condition is clue to 

Munier-Chalmer什お77)。日e that l1nny of the fりssilsfてomthe ]、と ln

the Paci弓 Basin have bε己n included amnng the Foraminifεra 

authurs. Lam司了clどsOvulites from th日 Calc日ireGrossl色r 01 the Basin .were 

described as th巴T1.フ andFuraminifera 

penterヲ 1862). Muniεr-Chalrner sugg巴st己dthe synunym of Penicillus with Ovulites. Ovulites 

is common in the of England，ヲ North and 

the MiddlεEast. 

The genus Udoteaフ anoth己r rεuf  the has a simil司r

to those of the The has been sincε1707ラ thoughat 

first confused with Pαdina Pαvonia (L.) Lamouroux It was in 
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Coraltina (El1i:3司ndSol日nder，1786、p In 1812， LamoUlりuxi:ounded the g己nuら

Udouツabased 0口 Corallina Ellis et 50land日， ancl p1ac巴仁1il: mnong the "Corallineae .. 

a f日 of'PolァpiersC01乳llig色nesnon entierem行nt (Gcpp alld Gepfλ1911， p. 

100). Confusion began when he estab1ished another ne'0l [;，;enus Flabe!laria to be a plant， 

日nd，in the very 11己主tP乱P巴raftcr his， Lamarck also introduc:ecl the sam吃 gen巴ricname for 

tb日 recognitionof two species of Comllina (G. conglutinata and G. flabellum)、 together

with some species now consi点目das Haluneda. L乱 ofcourse，ιonsidered his genus 

乱sanim日L For the details of this confusecl nりmencl日ture，refer to the Gepps' des但

cription (1911， p. 10Cト，101).Decaisll吃お乱ndCh日uvin indepcndently share the 

cOllclusiりntb札tCoral1ines including Udoiea are actu乱11y

Pia mentioned t11巴 possibility01 Udotea to be rock調forrn.i叫ヨ alga(1926， p. 128--2ジク t巴xt四

五gs.ら5-56). He 1at目 compared his new subEamily IVIitcheldeani巴aewith this Recent 

genus and pointed out I:h日 cli首位己ncein growth habit (Pia， 1937， p. 786). Until recently， 

the fossil COL1n(己rp日rtsof this genus hacl nev巴rbeen fuund in the record日 p.188).

First 舟ssilCudiaceae 山 CornρarativelYforthology) :一-1'hefa且Jily

Codiac己乱ewas iounded by Zan乱工diniin 1843、 but the end of the 1ast centu工y，on1y 

Ovulites and仔alimedaフ whichare actnally J:~ecent gener札予!erer己Cり ωtbefossil 

repres己ntativesof the family 1'he tbiI司dfossil Codiac日間 thusmay be seen 

in the Cretac己ousgenus Boueina Toul乱 whichwas considerecl as a sponge by 

Gumbe1， Zittelヲ andother8; and its referenc己 toth巴 Codia.cea巴 shouldbe credited to 

Steinmann whos巴 contributionto the fossil Codiac日aeshould not be underestimated. 

Hεcompar己clBoucina carefully with 1-laluneda to v日rifythe Cocliac印 nnature of the former. 

1'h己 smneapproach was adopted PiD to validify the Codi旦ceall

11乱tur‘巴 tubuIarpanうnchym乱tOU5structure) of Palaeoρorella Stolleyフ 1898，ancl 

and b巴cametb巴 standardexamination i:o 乱nalyzeany fossil Co司

cliacピael_ιg. 1-:1件払 1927~， E.onishi， . The genω Boueina has becn known from th佐

Jmasslc and Cretaceous of the 1¥![editenanean， sOllth North Alllヒ andEarly 

of India. 

First F'aleo;wic Codiaceae and theu司 ι:anceas lunestone-contributors (works 

Pia and I-J，和一一一Thegenus Palωthus  should bιconsidered as the 

凸rstdei1nitt' Paleozoic Codiaceae ; th巴 g巴nU3was esLab1i日hedin the belief of its Siphoneae 

(Stol1Cyヘ The Siphone自己 at that time iucluded all th己 memb巨rsof non-septate 

f3ubordel' of th己 orderSiphonales by Blackrnan an d Tansley (1902). Pia's contribu tiOll to 

this genus日sw日11as the ol:he1' two similar g巴nerrJフ ι町 iizunand m，tdlヨclear
the natur己 offos:"il Codiaceae for the first anc1 pointed oul: the inlportance of them 

as potentJ旦1lirneston己べ;ontribul:orslike the Ordovician limestonピS of Scandinavia 仁Palaeo回

liInestone) and BelleroJうhon1imestone P巴nnian. Gytnnocodium lirnestone) of 

South Europe_ 

1'he typ邑 speciesof the genus GY1lznocodium Pia (1920)， Gyroρorella bellerophontis 

Rothpletz (189L1， p. 24，五g.4)， was 6.rst described as a dasyclad. 1'he existing records 

indicate that the same organism was Ol1ce mentioned by Gumbel (1373ラ p.36， 37， 40) as 
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a questionable bryozoa ; however， Pia (1912， p. 34) supported the dasyclad concept， until 

he realized the Codiacean nature in 1919 (cfr. Pia， 1920， p. 33-34). He proposed a new 

genus Gymno (= naked; without the outermost cortex) + Codium (a Recent Codiacean 
genus) for this plant. This Late Permian plant has been described from many localities 

of the Upper Permian limestones within the Tethyan sea. As the consequence of later 

research on the conceptacles commonly preserved in the alga by Pia (1937， p. 83(}-34 

1940) and follow巴dby Konishi (1952， 1954) and Elliott (1955， 1956)， the genus is now 

considered to belong to the Chaetangiaceae or their fossil family Gymnocodiaceae of the 

Rhodophycophyta， rather than the Codiaceae of the Chlorophycophyta. Furthermore， the 

genus was split into two genera， Gymnocodium (s. str.) and Permocalculus Elliott (1955)， 

and th巴 formerare restricted to the Upper Permian rocks， whereas the latter are from 

both Permian and Cretaceous. However， some authors still place this plant among the 

Codiaceae. 

A genuine discovery of the fossil Codiaceae may be th巴 caseof Dimoゆhosiph仰

rectangulαris Hゆeg(1927) from the Middl巴 Ordovicianrocks of Norway. This genus is so 

closely similar to Halimeda in many respects that the early derivation and an evolutionary 

conservatism of the family Codiaceae seems to be beyond doubt. The alga played a very 

important role as limestoneゐuildersin the Trondheim area during the Ordovician. Later， 

H!teg (1936， p. 14-15， text五gs.4 and 5) cl巴arlydemonstrated the internal structures of 

both Palaeoρorella and Dimoゅhosithon.
Probable Codiacean Subfamiか:一一-Besidesthose fossil Codiaceae which have dendrotic， 

erect growth habit， like Halimeda and its Paleozoic and Mesozoic allies described above， 

there have been some other Paleozoic algae which have been placed among the fossil 

Codiaceae. As mentioned above (p.168)， the "anomalous organism" described by Nicholson 

as "Mitcheldeania gregaria" from C1 of Kershope Foot， Roxburghshire， South Scotland， 

became the type species of Wood's Garwoodia， which some authors place among the fossil 

Codiaceae. Wood (1941) clarified the mixed nature of theαgenus" Mitcheldeania and 

separated M. gregaria from the genus and proposed th巴 newgenus Garwoodia， basea on 

the species. 

Garwood (1914， 1931) and Garwood and Goodyear (1919， 1924) discover巴dthe signiι 

cance of this. as well as、othercalcareous al 
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1937， p. 786). Pia (1926， p. 52-53; 1927， p. 39) considered them as Schizophyceae (Spalt-

algen) togeth巴r with Girvαnella and Sρhaerocodium. Then he later (1937， ibid.) 

transferred them into the Codiaceae， with the introduction of the new subfamily 

官在itcheldeanieae"to include them. At that time， the subfamily consisted of the Paleozoic 

genera. 

Later， another resemblant from the Triassic ot the Carpathians was included in the 

subfamily (Cα:yeuxia Frollo， 1938， p. 269-71 ; L巴Maitre，1946， p.106-7). This algal genus 

has been known through all the Mesozoic rocks over the world. Ishijima's Kitakαmiania 

(1943， p. 639-41) from the Cretaceous of Honshu， Japan， may possibly be placed in the 

same subfamily. However， there stil1 seems to be some reservation about including this 

"subfamily" among the Codiaceae (p.248). The group of the algae placed among the 

subfamily seems to be an interesting subject to study symbiosis or commensalism among 

fossil algae. Elliott (1957) introduced the family吹Garwoodieae"to replace Pia's Mitchel-

deanieae for th巴 invalidityof the genus Mitcheldeania. The subfamily should be read as 

Garwoodioideae by nomenclatural rule. 

False Codiαceae--S;ρhaerocodium Rothpletz and Mic仰 codiumG luck :一一一Thefossils 

named Sρhaerocodium should be discussed here， because this plant is th巴 firstorganism 

originally referred to th巴 Codiaceaeby the denominator even erroneously. The plant has 

b巴巴ncited as the example of the fossil Codiaceae improperly assigned. The genus Sphaero-

codium was first proposed by Rothpletz in 1889 without il1ustration， then discussed in 

detail with proper illustrations in 1891. Although Rothpletz (1891)特 comparedthe type 

species， S. bornemαnni， with Codium adhaereus Agardh， a Recent sp巴cies，th巴 vlewwas 

rejected by Seward (1898， p. 160)， Pia (1926， p. 52-53; 1927， p. 38; 1928; 1937; etc.)， 

Hoeg (1927， p. 13)， Printz (1927， p. 311)， Fritsch (1934， p. 411)， and others. Pia (ibid.) 
interpreted that， for example， its Silurian species， S. gotlandicum， is merely an aggregate 

of several species of Girvanellαwhich hav巴 differentdiam巴tersof the filaments. This view 

was lat巴lyvindicated byWood (1948) and Dangeard (1948) indep巴ndentlyclose to the Pia's 

interpretation. Maslov (1956， p. 27-28) has argued that some Recent representatives 

of the Schizophyceae or of the Chlorophyceae have cells of differ巴ntsizes even within the' 

same sp巴cies，and tha 

持Rothpletz(ibidふ Cayeux(1935)， Darrah (1939) and others placed ev巴nthe genus Gin'anella 
Etheridge and Nicholson， supposed Schizophyta， among the Codiaceae 
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the Pacific Islands (Johnson， The pres巴nt author exclud記s the genus from 

the Cα:liaceae and would compar巴 itwith the Hecent g己nus of the Chloro担

Genus Limnocodiu711 Andres from the Mioc:巴n巴non-marineb巴dsof Bavaria and 

Eocene non-marine beds of Ruttε， 1953 and 1955) resembles the 

prec:eding Miocen色 g吃nus(1'叫a記己フ andcertain authors consider syno11ymy 

b日tweenthe hvo. it does not sohTe the pwblem as to its a伍 Maslov

く1956ラ p. introd工lceda new IVJ:icrocodiac己aebased on lI!Iicrocodium. as a 

member alTl.ong the order of the ぺlyceae. 011 the c:ontrary， 

cert日inauthors argue for Ils 

Fort.iヲs is a fossil Codiaceae from the Palaeocen巴

How日Vεrフ th"， present author does 110t have any inform旦tionas to th日 genus，nor 

anothεr two Ascosoma Lorenz (1904) and Nlitscherilichia Lorenz 

(1904)ラ fromthe Cambr九noI China p. 85)。

the うeanContinωt ~-Until approximately the studies 

of the fossil Codiaceae wer巴工巴strictedto the Old particularly Europe-←一一 the

Paris Pyrrenes， British lslan仁l5，Scandinavians (including the 

and oth巴r80 Since then， the 8tuと!ieshave Ol1t over other 

to North E¥.m己nca ラ Rezakand Eliasヲ NorthAfrica 

Raineri， LelvIaitre，フラ and Eastern 8.nd IV[iddle Asia Y旦be，

旦ma， Heritschラ Ramo R乱0，フ Endo，Varma， Elliott， 

and the present author. 

Johnson's contributions to tl1e :fossil Codiac巴日ein North America were resulted in the 

introduction of i:wo 11己Vvg巴11巴raas well as the discoveries of North AInerican 

equivaient to those of Hisr1nchicodium フ 1946ラ p. has proved to be 

the and Permian 乱nd and has 

habit to some species of Udoteαwhereas the other genus 

and p. of th日 Cretaceous has b日日ntransferr己d1:0 th日aniInal

fossil }ohnson 巴da text on the in 

which he discussed the various genera of i:he CodiacezεHis c1assi五eation

included 似ラ砂 andli!IicrocodiuJ!fI among 1:h巴 Codiace前.

1n the U nion of S 



Sludies Paleozoic Codょaaαeand Allied Alg，αe 175 

biohernl-builder. 

Injiuence 01 .Pctroleum Indust1"Y (since 1945): ._~ As a new trend of petroleum 

explorationフ the oil industryヲsinterest in the carbonate r巴日記rvoirs，particulaly their relatioll 

to anciεn1: re己fmg，h，，5 assisted the stL1Cly of fossil algae and， though indirectly， has giv巴n

乱 gr日atstimulus to the stucly of the fossil Cocliaceae in a way similar to th日tof "n:lIcro-

paleontology of Foraminifera" by the strong inflLlence of subsudace stratigraphy during th巴

last thirty-nv巴 years. Thusフmanynew Coch乱ceangenεra have been founclecl in connectioll 

with p巴tr01巴umexp10ration c1uring the last dec"de 

lくhvorova(1946) illtroduced乱 Pennsylvaniann巳wgenus Jvanoviα， a fossil Codiacean， 

frorn the outcrop as well as SUbSUI・facematεrial from the .tvIoscow Easin. Johnson and 

Konishi (1956， p. 97-.99) established Orthriosithon，乱 MississippianCocliaceae， frorn the 

subsurface material of Saskatchewan. From the oil fi巴lclsin the .1¥在idclleEast， Elliott (1954フ

1955， 1956， 1957， 1958) introduced two new Mesozoic Codiacean genera， Arabicodiznn and 

LithocodiuJlJZ ancl a new family Gymnococliaceae to embrace Pia's Gymnocodium and his 

own Perrnocalculus (1955). Elliott's work on fossil Codiaceae was ext巴ncledto propose a 

rrew name Garwoocli朗日 toreplace Pia's Mitchelcleanieae for the invalidity of the genus 

Mitcheldcania. His Lithocodium (1956) from thεLower Cノretaceoushas a p巴culiarincrus ting 

habit， although it has exactly the same internal struじtureas that of Haluneda. This genus 

may suggest the cushion-like mass of 品uimeda which grows attachecl to the rockヲ

乱lthoughthe species has the erect clenclritic habit in general. 

Very important information on the litt1e-known N orth African marine floras during 

the L日tePaleozoic was also obtained in connectlon with p日troleumexp10ration (Emberger， 

1958). Consiclerable m日terialusecl in the pre~ent stucly cam.e from s巴、 eralwc1Js in the 

Mid-Continent ancl Southwest 01 the Unitecl States. 

A prominent trencl in t11巴 studies of fossil algae is a仁lemandfor己cologicalinformation 

to be supplied SL1ch stuclies，乱lthoughmost of the resL1lts of thes巴 stl1dieshavc not been 

publish巴仁l. A few examples rnay be seen in Anderson's works 011 the Lower Carboniferous 

of England al1d Scotland (1950) ancl 011 the Great Estuari巴Sof Englancl (194 
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harvest of Horal studies from many neV¥T localities 1950， 1952， 

1957 ; and hav巴

a gγoup 01 ambitious 

stur1ics. 

did not wait uロtilthey 1巴arnedfrom 

As in the case of the Bikini resurveyフ anumber of from the 

Am巴ncaロ I¥!Ius己um01 Natural フ Columbia ラ andHU11l.ble Oil <Ind 

under the directorship 01 N己wellhave stぼ teda cardu1 3urvey Hrou:nd 

the Bahama Banks to analvze th色 exampleof reef ecoloRV in Rec巴ntseas. The results of 

this 司

1953 ; Newel1 and 

(e. g・， Nevvellヲ el

1955; Newell and 1957; Newel1 and othersラ

the Florida another site of the .Rec日nt a similar type of worl三 hasbeen 

and Lowenstam and 

under the of the She11 D巴 Comp日ny. These contributions are mωt 

in10rmative to the paleoecological studi巴5of fossil Codiaceae号

，Prese1/zt αnd irends:一一-Yet the s巴archfor the Paleozoic Codiaceae is not 

restnc1巴dto the above-mεntioned sL1bsurface carbonate studi巴Sラancl日

The traditional studi巴Sof outcrop s旦 willcontinue in the future， ln the 

for the fertil日 penof Endo is great contrihutiuns to 

our knov，rlεabout the Late Paleozoic :Horas uf the islands. He has est託b1ishedtwu 

new genera in仁odi旦ceae--Hihorocodium p. 127) and Neoanchicodiurn p 

203)←ー-and has fuund spεCl日sof A符chicodiurn(1951， and Garwoodia 

The present author recognized a n日wCodiac巴angenusJ S'uccodiurrt p. ヲ

in the lat合計 Permian01 Japan， which resembles very the genus Halimeda. He alsu 

C主refully studied a spεcies of from the upperrnost Lower Permian and 

restor巴dit8 

Indian 

p. 8-1 

verined the distribution of the in thεSa1t 

1948 ; Rau and po 市 Rezak のdescribed
乱ndG. Pis from the Perm.ian 

of Saudi Arabia. G. L. describ巴dthe extension of an 

Codi旦cea in the Vise日nand Namurian of the British Carbonif記rou8rocks. 

The Devunian has 

of calじareOl1S 1940; 1二onishiフ 195)き). Nl:aslov's r巴C巴ntdiscoveries of 

many genera of Ifom the Devonian of Cen tr吋 how巴Vtう1二C巴 have

broken this jJI百 among He p， introduced 

two dεii.nite Codiacean genera a11d two doubtful on巴s. 011e of t.he doubtful genera，ぽlled

seer工ISto be identical with Coelotrochiu111 Schluterヲ 1879ラ 可明wべ'V占hichh白乱tS bεen 1 

1m 

Litania l'v1aslov jJ， seems to be a Codiacea. 

After thus r巴callingthe milestonεs in the of search for the fossil 

the ar日asof to be旦tt司ckedby future students should be mentioned as th日 conclusiol1

of this review. The will help to advance the of this 

known group among the fussil calcareous 
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1. The urgent comprehension of botanical morphology of the fossil Codiaceae in the 

light of the Recent Codiaceae necessitates the usage of qualified and， if possible， standardized 

terminology. Above all， the understanding of the plant nature of the fossil Codiaceae in 

terms of growth habit， types of reproduction and， morphogenesis vegetative construction， 

etc.， are important. 

2. The critical survey on the ecology of the Codiaceae in Recent and ancient oceans 

would be an important undertaking. A study of this type should be most e伍cientin the 

collaboration with neo・ecologists，both botanists and zoologists， and paleoecologists. For both 

Recent and ancient materials， a statistical quantitative-analysis， which was once ignored by 

botanists， is needed， since only such information will be applicable to the g巴ologicproblem. 

This paleoecological study which is the basis of biofacies analysis has been a very important 

target in connection with oil exploration， and will be continuously emphasized in future. 

3. A concentrated s伺 rchto collect fossil algae in areas where we have no knowledge 

of fossil Codiaceae， though certatin data suggest a potentiality of their occurrence， would be 

helpful， especially if particular emphasis be placed on South America， Australia， South and 

C巴ntralAfrica， Siberia， China， and so forth. The significance of subsurface material may be 

emphasized for this type of survey. The information obtained may be signi五cantnot only 

as a paleoclimatologic study， but also as a potential source for the discovery of completely 

new exotic or unique floras. 

4. Use of the trial and error method to examine the applicability of the Codiacean 

species as a m伺 nsof dating and of correlating strata has been one of the major aims of 

stratigraphic paleontology from the beginning of g田 logy. As far as the Codiaceae and other 

calcareous algae are concerned， it is a good policy to check the available conclusion with 

other organisms， so that we generally have much well-defined control. 

5. It may take a long time before we can visualize the picture of phylogenetic relation-

ship among the fossil Codiaceae， though this is the ultimate purpose of the study of the 

family. To approach this subject， an extremely detailed morphological analysis based on the 

carefully collected sampl巴ssuch as inch-by-inch inspection in the field to trace a. small 

amount of chronological variations may have to be done. Again， th 

Morphology 

The thal1i of the family Codiaceae，吠comprisingeighteen Rec巴ntgenera， display great 

morphological diversiけ， ranging from the sparsely branched， loosely filamentous thallus of 

Chlorodesmis to the compact pseudoparenchymatous organization of Codium (Text-fig. 8) 

and Rαlimedα(Text-fig. 3)" (Egerod， 1952， p.337). The family， however， is characterized 

by a unique internal structure， the development of the thallus of the Codiaceae merely 

involving the enlargement and ultimate ramification of the primary filament to produce a 

thal1us of diverse and usually definite form without the advent of septum formation ; that 

is， the siphonous nature! 

The filaments branch dichotomously， trichotomously， or verticillately. The dichotomous 
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B 

Text-五gure1 Various growth habits of Recent Cocliaceae 

A. Rhipilioβsisβelta Gepp et Gepp: Port Phillip Heacls， Australia. (natural 

size) 

B. Rhitidodesmis caestitosa Gepp: Ceylon. (natural size) 

C. Avrainvillea lacerata J. Ag. var. robustior Gepp et Gepp : Singapore， Malaya 

(x 3/5) 

D. CalliPsyg削aWilsoni J. Ag.: Port Phillip Heacls， Australia. (natural size) 
E. Boodleopsis siρhonacea Gepp et Gepp ; compar乱tivelysimple main axis (m. 
a.) ancl the multitucle of intricatecl ramelli which arise from its few branches : 

Muaras reef， East Inclies. (x 8) 

(All the五guresare from Gepp ancl Gepp， 1911; A， pL 14，五g.118; B， pL 17， 

fig. 141; C， pL 13フ五g.108; Dラ pL17，五g.144; E， pL 17，五g.147) 
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Text-五gure2 Growth habit of Halimeda 

Halimeda gracilis Harvey f. lata Taylor: Holes and op巴ningson reef 

along west sid巴 ofSaipan. (natural size) 

179 
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branching is repεated eith巴rln on巴 andthe same plane， or in alternate planes (Gepp and 

G叩p，1911， p. 3). Two typ巴sof lateral outgrowths on main 五lamentshave been recognized 

(Gεpp and Gepp， ibid.): (1) papillae or short prominences and (2) stalked appendages. 

Papillae are borne on the front and back surfaces of the filaments and not on their sides 

(T巴xt-fig.4); they are not calcified at their apic巴s，and probably serve either as osmotic 

channels between the cytopksm and the sea water or as windows in th巴 opaquecalcareous 

sheath. Appendages are bo工ne0ユthefilaments in similar manner to thc papillaε， but often 

bJurcate or even trifurcat巴 andalways pointed. The filaments are often arr且ngedin close 

whorls (Textιg. 4). 

Many gen巴raof th巴 sU:JfamilyU clotoicleae are characteriz巴clby the calcified thallus. 

The calcificatIon is in the fo;-m of aragonit巴 (p.190). The calcareous matter is deposited 

in thεgelatinous layers of th巴 o-~ter wall or membrane， pen巴tratingalso into the cellulose 

inner wall. There ar巴 twomodes of calci五ication;(1) the filaments are enclos巴de且chin 

a porous calcareous sheath and are either fr田 orlaterally c巴mentedside by side or even 

mor巴or1巴sscompl巴t巴lyconglutinated together， and (2) the apices of the simple or branched 

lateral appendages of the main filaments are arranged to form a cor吋-t加t

and are lat旬eral日lyc∞oh巴rentinto a cつユt札1工立1コouslayer， and the laterally cohering walls are 

thicl記 n巴dby a calcareous clepコsit. Tl-ns，ょ1th巳 lattercas巴， calcification is generally stronger 

in th巴 corticalpart than the medullary part. 

Within the cytoplasm are situated many smallフ disc-shapedchloroplasts which， in rr:ost 

genera， lack pyr巴noids. Howevcr， some gene二五 (those placed in the Udotoideae， see p. 249)， 

have special 1巴ucoplastsin addition to the chloroplasts， and the st且rchin these algae is 

formecl solely by the 1日ucoplasts，th巴 chloroplastsbeing 担ntir巴lyfree from starch (Iyengar， 

1951 in Smith et p. 36). The nuclei lieラ asusual， int巴rnalto the chloroplasts. The 

memb:-ane (cell-wal1) cO:1sists in the main of callose and pectin， although the thickenings 

at the constricted point contain cellulose 

The major portion of the thallus is vεgetative， and the formation of the reproductive 

Text-figurε3 Internal structure of Halimeda segments 

A-B. Halimeda 0戸untiaLamouroux; A. Longitudinal section of a cylindrical internode: (x 24) ; 

B. Transverse section of a young internode: (x 40) calcified part is designated in white. 

C. Halimeda sp. section of an internode with medullary filaments : Mariana limestone (Pleis-

tocene)， Saipan. (x 25) 

D. Halimeda sp. section of a leafy internode nearly parallel to the flat surface with cha-

racteristic utricular structur巴 Mari乱nalimeston巴 (Pleistocene)，Saipan. (x 25) . 

F. Halimeda sp. ; long section of an internode perpendicular to the flat surface showing medulla-

ry filaments from which五nercortical utricles are giving 0任 perpendicularly Tagpochau 

lim巴stone(乱1ioce田)， Saipan. (x 25). 

E. Hcdimeda sp. oblique section of a fragmentary segment showing medullary五lamentsand 

五nercortical utricles: Borehole 2， depth 1，900' (Miocene)， Bikini. (x25). 

(A日B，St巴inmann，1901，五g.12 & 13; C， J ohnson， 1957， pl. 56，品g.3; D， J ohnson， 1957， pl. 55， 

五g_5; E，Johnson， 1954， pl. 197多五g.5; F， J ohnson， 1957， pl. 44，五g.6). 
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uni ts is confined to small special portions of the coenocytic thall us (se巴 p.196). 

RECENT FORMS~Th巴re are sev己raldiffεrent growth forms r巴cognizedin the Recent 

gen巴raof the family. But only the groups belonging to the subfamily Udotoideae， the lime-

5日cretingCodiaceae， hence likely to be preserved as fossilぅ willb巴 discussedhere目 The

subfamily embraces four calcareous Recent genera --Halimeda， Udotea， Penicillus and 

Rhitoceρhalus. Genus Tydemania is also calcar巴ousalga and was placed by the Gepps 

among their subfamily Udoteae， but excluded from the present discussion because of the 

recent work by Feldmann (1946， 1954; also see p. 208). 

Halimeda.一一一 InHalimeda， vlhich res巴mblesvery much some Paleozoic gen巴ra，the 

branched thallus is composed of a number of usually 合計 (often cordate or reniform)， 

strongly calcified internodes (= segments)， which are separat巴dby uncalcif1ed nodes (= joints) 

and aris巴 froma short basal stalk attached to the cr巴epingrhizoids (T巴xt-fig.2). Each 

internod巴 consistsof a central m巴dullaof longitudinal， rather narrow， interwoven， forked 

m巴dull旦ryfilaments， and a periph巴ralcort巴xof large， club-shaped utricles dens巴lygrouped 

at the sam巴 levelto form a pa!isade layer (Text-fig. 3). The utricles stand perpendicular 

to the medullary filaments 旦ndtheir ul timate branchlets (= cortical utricles) swell up and 

became closely adpress巴仁1to one another to form a very compact surface with hexagonal 

facets. The lime is deposited on the side walls of these facets， th巴 outersurfaces against 

which th巴 chloroplastslie being free from incrustation. 

Udotea. --The thallus of Udoteαis charact巴rizedwi th th巴 on巴 stipitated，with fl.abel-

late blade (=frond) anchor巴d basally by a singl巴 lobed holdfast or by an irregularly 

branched， creeping rhizoidal syst巳m. The stipe is monosiphonous or polysiphonous. The 

blade is monostromatic to pseudoparenchymatous， composed of 五lamentsthat are repeatedly 

dichotomized， occasionally ev巴ntrichotomizedラ papillatedand anastomosed， joined laterally 

or remain free from one another， all more or less parallel (Text-fig. 4). The filaments ar巴

sometimes smoothly fusiform or constricted. According to the structure of the f11aments， "the 

genus may be divided into two groups; (1) one th巴日laments are desti tute of la t巴ral

appendages，且nd(2) the other they bear lateral app巴ndageswhich vary 

Text-figure 4 Genus Udotea 

A. Udotea verticillosa Gepp et Gepp : habit of plant; .West Indies. (natural size) 

B. Udote沼 javensis(Montagne) Gepp et Gepp consisting of monosiphonous stipe and mono-

stromatic frond: Sankapura， Bawean (x 17) 

c. Udotea indica Gepp et Gepp; portion of frond in surface viewラ showingdistribution of 

papillae， thes巴 3reformed 0口 theouter surface only of the superficial五lamentsof the front; 

thr巴e五lamentsare raised and turned back to show the absence of papillae elsewhere at the 

same time reveal th巴 obliquecrossing of the五lamentswhich constitute th己 frond;Kurrachee. 

(x80) 

D. Udotea iうapillosaGepp et Gepp; portion of dichotomous filament from base of proliferation， 

showing whorls of obtus巴 ortruncate papillae: Sankapura， Bawean. (x 120) 

(A， B併rgesen，1913， p. 104; B， Gepp and Gepp， 1911， pl. 5， fig. 36b; C， Gepp and Gepp， 1911， 

pL 6，五g.53; D， G巴ppand Gepp， 1911， pl. 5，五g.38.) 
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species" (Gepp and Gepp， 1911， p. 103} The blad邑 issometimes concentrically zoned， and 

sometimes longitudinally striate or rugose. The margin， or ev巴nthεfrond itself， may be 

more or less de叩lylancerated. Th巴 corticalcov巴rageof the blade occurs in certain 

species and varies in character且ccordingto the shape of the lateral appendages. 代The

diameter of the五lamentsvaries with the speci邑sfrom about 25 f1 to 100〆， (Gepp and Geppラ
ibid.). Most of the species of this genus deposit lime around the filaments， but there are a 

few sp巴cieswhich do not precipitate lime. Som巴 speciesbehav巴 asthe lime-dεpositor at 

certain locali ti己sand as non-limιdepositor旦tdi妊erent loca1i ties 

Penicillus.←一一Thisgenus has a di妊erentgrowth habit. Th巴thallusconsists of rhizoids， 

stipe， and capitulum (T己xt-fig.5). The thal1us starts from a felt of branch巴drhizomes. At 

五rstthese produce separatεupright filaments of the usual type which later unite to form a 

calcified stipe showing a well-marked di妊erentiationinto central medulla and cortex. The 

main五lamentsdev巴lopnumerous lat日ralswhichヲ inpart， wind transversely between them 

and bind the whol巴 togeth町 Thestipe is generally terete in shap久 andbranches dicho-

tomously in some species， whilεeach branch may bear a captulum. At the apex of the 

stipe the m己dullary五lamentsseparate to form captulum， a brush-like tuft of r巴peatedlyforked 

filaments which are constricted in a moniliform or bead-like mannεr at intervals as if they 

were septated or segmentedぐText-fig.5). 吹Thesuccessi v巴 dichotomiesof the filaments 

always lie in alternate planes， th邑rebydistinguishing Penicillus and Rh争oceρhalusin which 

the dichotomies of the comal filaments lie in one plane" (Gepp and Geppラ ibid.，p. 71). The 

calcification occurs on stipes and the filaments of the captulum. Some species have v己巧r

slightly calcified filaments. C丘pitate五lamentsare borne upon the main五lamentsand these 

tεrminal swellings or ramifications coher巴 togetherto form a continuous cortεx covering the 

surface of the thallus， tubular or frondose. In most species the main五lament日目hibitmore 

or less frequent constrictions， especially near the points or branching， which are commonly 

乱舵ccωompam民巴dby a loc悶aliz民edthick王記叩巴匂ningof t白h巴 C印巴l日l

Rh ψ oceゆρhalωus. 一←一τ he thallus 0ぱft出his C 旦ribb ε an g εnus broadly res ε mbl 巴邸s t巾ha

Text-五gure5 G巴neraRhiPocePhalus and Penicillus 

A. RhipocePhalus phoe持ixKutz. f. brevifolia Gepp et G巴pp; calci五edflabellule; the五laments

ans巴 byrepeated dichotomies in the same plane and are laterally connate : Bimini， Bahamas. 

(x 10) 

B. RhiPocePhalus Phoenix K也tz.f. longiofolia Gepp et Gepp; habit of plant: Key Westラ Florida.

(natural size) 

C. Penicillus capitatus Lamarck f. typica Gepp et Gepp ; habit of plant : St. Thomas， West Indies目

(natural size) 

D. Penicillus nodulosus Blainville; comal五lamentshowing moniliform constriction; a， point of 

clichotomy: Fremantle， West Australia. (x about 25) 

(A， Gepp and Gepp， 1911， pL 21，五g.185; B， Gepp and Gepp， 1911， pl. 21，五g.187; C， B世rgesen，

1912， p. 97; D， Gepp and Gepp， 1911， pl目 20，五g巳 174). 


