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Nozaki, H.* 1995. Sexual reproduction, taxonomy and phylogeny of Carteria (Volvocales, Chlorophyta) with "swastika-
shaped" anterior papillae. Jpn. J. Phycol. (Sorui) 43:103-114.

Recent studies of sexual reproduction, taxonomy and phylogeny in the genus Carteria (Volvocales, Chlorophyta) are
reviewed, with particualr regard to the species with cruciate anterior papillae. A species of Carteria was recently
collected in Japan and this alga exhibited peculiar sexual reproduction (Nozaki 1994). In mating reaction, protoplasts
of the two pairing, flagellate cells were released from cell walls to become isogametes. Such gametes were non-motile
and soon fused to form a completely immobile zygote, lacking planozygote stage. This type of gametic union,
aplanogamy, had not been previously reported in the Volvocales. Our taxonomic study (Nozaki er al. 1994) was
initiated to identify such an interesting Carteria species. At first, however, species identification was unsuccessful
when the species were compared with description and illustrations in the litelature concerned. Cells had a cruciate
anterior papilla which appeared swastika-shaped in top view. This type of papilla had not been described or illustrated
before in Carteria. After comparative morphological observsations of this alga and five NIES (Microbial Culture
Collection at the National Institute for Environmental Studies) and four UTEX (Culture Collection of Algae at the
Univesity of Texas at Austin) strains of the Carteria species with cruciate anterior papillae, they were successfully
delineated into four species, based on the differences in light and electron microscopic characteristics. Furthermore, it
was revealed that the cruciate papillae in all the four species were actually "swastika-shaped”. Lembi (1975) on the
basis of differences in the flagellar apparatus ultrastructure, demonstrated two fundamentary different groups in Carteria,
groups I and II, although Ettl (1979) subdivided the genus Carteria based on differences in chloroplast morphology.
All the strains of group II studied by Lembi (1975) were also examined by Nozaki et al. (1994) and this group is
characterized by its unique flagellar apparatus and swastika-shaped anterior papilla. The recent phylogenetic study by
Buchheim and Chapman (1992) resolved that the group IT of Lembi (1975) is the basal sister group to all other volvocalean
taxa (including group I of Lembi(1975)). Aplanogamous sexual reproduction and swasticka-shaped anterior papillae
may be related to such a peculiar phylogenetic position of group II of Lembi (1975).
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Fig. 1. Vegetative cell of Carteria obtusa Dill, showing anterior papilla
(a) , chloroplast (c) ,eyespot (e) ,flagellum (f) ,nucleus (N) and
pyrenoid (p) . Not to scale. (Modified from Wandschneider and
Kies 1978 ; reproduced by permission of Dr. L. Kies and Institute fiir
Allgemeine Botanik der Universitit Hamburg) .
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ekl ca Eh, MR —RICIIHEE
(f, Fig. 1) OMRTTTHHEL, /€7 (papilla) (a, Fig.
1) LIFEN TV B HEE & 7% o TW B o ARSI H
WO F K DT, NE T DD 5 EEMAH
Ji, FDFRHHITTH %o Carteria DIl L~V DFgH
ZZ ORRIBERBE TiibhTB Y, BIEE TIZ60
M ARk S Twa (B11979,1983). LA L, £
¢ OREIZERSE S NFEE T 2 15 S N7 il 722 FE iR
L RO TOLDTH A,

Carteria DK 7 ol 638 13 40352 09 12 2l Al
L LT, "EBRESGEHRA " 1), L2L,
WS OWE, L0y 47 (type) & L TOEAR
(specimen) % {RAF§ 5 FHH%  DYEART{ER DT,
HMBOESDILICLY, 2D 4TI
(illustration) TXWHIZ% > TWw5 (Greuter et al.

Fig. 2. Sexual reproduction of a Carteria species from Japan. All at the same magnification. A, B : Pair of walled cells before gamete release.
Arrow indicates agglutinating flagella. C: Gamete release. Arrowhead indicates detached papilla of cell wall. D-F: Successive stages of

gamete conjugation. (A, C from Nozaki 1994 ; reproduced by permission of British Phycological Society) .
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Fig. 3. Successive stages of gamete release and aplanogamous conjugation of a Carteria species from Japan. Arrowhead indicates detached

papilla of cell wall. All at the same magnification. (From Nozaki 1994 ; reproduced by permission of British Phycological Society) .

1994), T 72, FHHES D252k B L4 4 TIIAA
IR SI N2 TER S, £ &4 F 721385305k
TRV RWEER>TWA, > T, HHllkkERED
S - FE A, Sk EORIE L TR EED I
HEHENAZ LIS,

AR TIIEEIFEMZE)E & THEEDKHE L ) 5
B 7> Carteria DMRDD TH LWAHRER 21T ) F
PEHPICRY, FRFLOMREISE - FELLD
L, EFENS { OREER & O BT EFEHBIEEIC
EOXZZNLDHLANNVOFEE - #NEHS I LA
HIIOWTHEEH T 5, BISEEHEDIZ%R o 72 Carteria
BT A REEMHMRICOVTH NS,

2. AAXRE D Carteria ¥ DEEETE
BNCEZEDMENE & THEEPED Carteria % BI%E
LTHLPICR > 72AMAERICOWTORS (Nozaki

1994) o

WIELRED#RIZAES ) v~ (homothallic) TH 1,
BUEREICZ 5 L ZHOMBAEETHRAGY, Wb
W5HY 5 ¥ 7 (clumping) 3% (Fig.2A,B). 7
T ¥ v 7% LD DMEED S h 5 OETE AT
WL, ZhOEEFL L THiETS (Fig.2CF, 20
Carteria CiEH TN & 1513, BUS FA5HIEE 2 & $ 1
EDMNEBTZEDTIIHEATHILTH D, DR
B OBATIIWEEFOKGT Tl DR TR &
N % (Figs. 2F, 3F) ., BB TFOHEGEREL(HBET S
b BUBTASHINEE X ) iR TR THER RS 2
kL, EEREEET X VTGS, KIS ER
&5B 2% (Fig.3)o Fig3A-F IZFE—0b O %l L
THGE L7 b 07275, MifasE & ) T TromB 25
KLBEWTZOMBTHEETLIONLCHBLER),
M E R A O BIIE S I BB T ORI 5T, R mh’
ML o TV B LA 2 CIIBE SN2
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Fig. 4. Zygote germination of a Carteria species from Japan. All at the same magnification. A : First cell division. B : Four-celled stage. C :

Four germ cells enclosed within a transparent vesicle (arrows) released from zygote wall. D : Eight germ cells enclosed within a transparent

vesicle (arrows) released from zygote wall. E: 16 germ cells formed within a germinating zygote. F: 16 germ cells enclosed within a

transparent vesicle (arrows) released from zygote wall. (A-D, F from Nozaki 1994 ; reproduced by permission of British Phycological

Society) .

Vo AT IREOE THIREE 2 5 L, IRIRIRTE & 742 5,
# 1EM%, HEFRFBEORRLIZODERD,
CORGEETEEREROT L — P LICBHEL,
BRI CRH=7 FREEL, @ ORELGICET L5
Fehlthd 5o TIMBEBEO AR L, BESR
EEDbNDLMEHEDODRIKET Y (Fig. 4A,B), 4 il
DIFIZNE LA Z S OIHILATZR S b o UGN
4RKDWEZEL L, EWARBEICLENTEIHET
DEEX WIKIF TS (Fig.4C)o W4, 8 F7/213 1 6 D
FEFMNBATER SN BHE S H 5 (Fig. 4D-F) o Dk
BETOEWRBEICT ENIRECHETORE L DK
1T 5o BFFMBLILED & ik & Tl oM Ic %
ET 5,

Carteria J% |2 BT A B380 % W 72 M Al O #1045

{% Wandshneider and Kies (1978) @ C. obtusa Dill D %
DN % o C. obtusa L O —HHIIZ S Chlamydomonas @
Mt tesr~UY) HOBRE I, EETHEKRL, #
GOH%—H, WETHEKXKT 58HAT (planozygote)
L% % (Fig.5)o & AN, EFEOHAKED Carteria 13
e B ) RS, kT A A TR
W E N7 o Tz T ORI AT EE T 194 M5l %
$ % Carteria 25U 72 250 & 5 ) FTHL XL D4
W [ED Rt S 7z,

3. ANBEBFRIB LT % § 3 Carteria DR E L FE
RE

HESE G AT % 9 5 HAPE D Carteria DFE L X)L
DR 5E D £ VI HEE L N IV OBRE %4775 -
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Fig. 5. Gamete conjugation and planozygote of Carteria obtusa Dill. Not to scale. (From Wandschneider and Kies 1978 : reproduced by

permission of Dr. L. Kies and Institute fiir Allgemeine Botanik der Universitit Hamburg) .

Fig. 6. Light microscopic characteristics of vegetative cells of a Carteria species from Japan. All at the same magnification. A : Surface view

showing eyespot (arrow) . B: Optical section showing anterior papilla (a) . nucleus (N) and pyrenoid (p) . C: Cell wall from which
protoplast is removed, showing swastika-shaped anterior papilla (arrow) . D : Cells showing variability of associated starch grains of pyrenoids
(p) . (A, B from Nozaki et al. 1994 ; reproduced by permission of International Phycological Society and Blackwell Science Ltd.) .

720 BRAIZHIE CREIRTH 1 (Fig. 6A), HEEOIRIT
\2H HHNBEDZE TH A /3 T ILEIRICE Y B>
TBY, Mh» S HAFICAZ 7 (Fig. 6B) . Mifio
hEEBRVCHIlEES, LA LBET S LTI
FFRT, KEEFHE D IR TV A DTS - /-
(Fig. 6C) o 72, €L /A Fida v 7ROEGEKDNK

DN d o 72h%, —DODIEFEEDFIZH ARA
HTIRIZESCYBIRTHELDE, TARAR
EFRERI L OB S (Fig. 6D). Ettl
(1979,1983) 12 & b &+ TR DL EhTw
% Carteria 7RO LN TWA, Lo L, WwiFho
HONET S EHPLBET 5 LB Ao Twizn
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Fig. 7. Line drawings of vegetative cells of Carteria inversa
(Korshikov) Bourrelly. Not to sale. Note anterior papilla apparently
(From H. Ettl and O. Ettl 1959 ; reproduced by

permission of Dr. H. Ettl and Gustav Fischer Verlag Jena) .

being "cruciate".

Li5g 1

HALHEP O L R S KT E A (Fig. 7). £
72, L 4 FOEBEOTARABEIE B MDD 5 3
ENRSEAIE W &) F D Bl (1979, 1983) A5l 7z
FEBMONE T R LD THERE 72, o T, HiF
D Carteria \3” " & L TOWEEELS+mIldH > 720
Lo L, &0k %8217 9 BICIEERO A R
THEBRETAHPUELEZ L D, mFHYO%E
(32l % A THEAR (type specimens) 55 % HiMfiE & 1) HL
DHYE, HEBE2ITOAEFNMREHLED S
A5, NIRRT i A2 5 b W A RIS, Bl

BOWEXZFDOR D OIEEFAEL BV,

L2L, #WICh, TFRONET ERHEOESNT
W5 Carteria @ 4 FEASE L BRBENFZE T A M A IRAT
fitii% (NIES) (Watanabe and Nozaki 1994) & 7 A1) %
DT FHFAKRFEA—AF VREHANVF v -3V
v 3 v (Culture Collection : AfEH: REMARLTHERR)
(UTEX) (Starr and Zeikus 1993) |ZfRfF SN TV 720
THEEF I BREIY H8 TERER N OE BRI E TR

Caa

(C. olivieri)
Two Japanese strains

»
B | Carteria crucifera Carteria eugametos Carteria inversa Carteria cerasiformis
g' Korshikov ex Pascher Mitra (Korshikov) Bourrelly Nozaki et al.

NIES-421 UTEX 233 NIES-422 NIES-424

(C. crucifera) (type strain of (C. inversa) (C. inversa)
v | UTEX 432 C. eugametos) NIES-423 NIES-425
g | (C crucifera) UTEX 2161 (C. inversa) (C. inversa)
é' (C. eugametos)

UTEX 1032

s1ajoeIey)) [eordojoydio

Fig. 8. Strain designation and morphological characteristics of four species of Carteria with swastika-shaped anterior papillae. Not to scale.

(Modified from Nozaki et al. 1994 ; reproduced by permission of International Phycological Society and Blackwell Science Ltd.) .
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Fig. 9. Scanning electron microscopy of anterior papillae of four species of Carteria. All at the same magnification. A, B: C. crucifera

Korshikov ex Pascher. C,D: C. eugametos Mitra. E, F: C. inversa (Korshikov) Bourrelly. G, H: C. cerasiformis Nozaki et al. ~ (From

Nozaki et al. 1994 ; reproduced by permission of International Phycological Society and Blackwell Science Ltd.) .

FOHVEFMLRSEBIEEEETAENTEL
(Nozaki etal. 1994), ZDfEH:, TRTOKDINE T
A Hi[am\héﬁﬂ’g“?s & REEETE ) ofghE b o%E
M, MlROBENERD>S 4B Sh 2
(Fig. 8)o

#—%H D C. crucifera Korshikov ex Pascher (& JC4
NIES & UTEX CRIZE &N TWw/zili) Th o7z, AHl
D !‘ﬂfih’i’ll]ﬂs’c‘ KL /A4 FOBEICEPMEST S
(Fig.8)o IREIZHET, €L/ A FIZZORFHIZHE IS

/\,/hmlﬁnﬂfﬁﬁ (Fig. 8) o HEH S, N T &R
RIEFHMETHEL, & ‘) FELWIERENREE & 5

ZBEIHI L7z O RB E/NE T ISR g e
LEROA AR TH Y (Fig.9A), IEHP»5 R A &K
BEEF A ENCIE N TV 2 A% L 7 (Fig. 9B) o &85

EFEMBETHELIEER, LV /1 FORMOTA
RAFITEICIZIZELICIYHATEY, ELIAF
HEEDT A 7!ititiiﬁan B2 404 LT\ 72 (Fig. 10A) o
FEkD LI EN TV BHEIC (B 1979), EL /A F

F Vil --’f/ﬁ’w/o@ﬁ AEDOFETH > 72,

“#HHE® C. eugametos Mitra & L T[A5E & 11 7eb DI
13, Aoy 4 7¥THSH UTEX 233, UTEX 2161,
"C. olivieri G. S. West" (1IE L { X oliveri T o 72) &
[A%E ST A UTEX 1032 (Starr and Zeikus 1993)
DEEEIAGHATE 2 BI% L 72 (Nozaki 1994) %2111

ETEEOMATE TN A C eugametos i3 Mitra (1950)
EEIM Y FOEEHSEN R L 7-FETH %, Mitra
(1950) DFEFRIIEA+5Tldd 525, AR L& L 72#
B S0 L7tk (¥4 78) »UTEX 233 & LT
FEENTWAD, Fott (1968) (EZD¥ A THEBIEL
“fRIRONE T R L, T C lunzensis

Pascher et Johoda (1928) L [@LT& 1Y (Fig. 12), C
eugametos % C. lunzensis O [7] ) %
Bl FORE, A TIE Evl (1979, 1983),
Buchheim and Chapman (1992) 7%*Z O 4519\ 2
fEoTWwah, L2 L, FEHHH UTEX 233 ZHELL
MR ORI EFEMEL ANV TOLHLNINETD
W5 C C lunzensis ¥ 1387 1), UTEX 233 2% 4 7THk
T b C eugametos ZH L7-FE L TROHRET
HHEZIRRIGEL

¥ 4 THO UTEX 233 DIZREIZEZ O HAREDR L
WA —Td o7z AFEOMMIIFHAET, EL
J 4 FOFIFICHELME L, BAIZHEV, RETE
Fott (1968) DEIZDOFEIC=AEIKTIZZ L, HLH 2
ERTH Y, WE»SR5 L AAFTH L HIWE
DML NV TOBETLHBTH o720 T72,
Vo & AT E T SMEE CHIZET 5 LIk T %
LTWwC, IEfds S s & EEHE ) iIcish 58
#LTWADAHETH > 7z (Fig. 9C, D)o C.

(synonym) & #%




Fig. 10. Transmission electron microscopy of vegetative cells of four species of Carteria with swastika-shaped anterior papillae, showing
anterior papilla (a) , chloroplast (c) ,nucleus (N) and pyrenoid (p) . A: C. cruciferaKorshikov ex Pascher. B : C.inversa (Korshikov)
Bourrelly. C: C. cerasiformis Nozaki et al. D-F: C. eugametos. (From Nozaki et al. 1994 ; reproduced by permission of International

Phycological Society and Blackwell Science Ltd.) .

Fig. 11. Two types of the first cell cleavages of two species of Carteria with swastika-shaped anterior papillae. All at the same magnification.
Arrowhead indicates anterior papilla of parental cell. A,B: C.inversa (Korshikov) Bourrelly. C,D: C. cerasiformis Nozaki et al. (From

Nozaki et al. 1994 ; reproduced by permission of International Phycological Society and Blackwell Science Ltd.) .
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Fig. 12. Original line drawings of Carteria lunzens is Pascher et Jahoda
(1928) . Not to scale.

eugametos & [AlE SN I B AR ETFHEMFE CHET
2E, KL/ 4 FORBOTARARIL, »hhEE
Lbohs, BodbDITCHATHo7, T,
EL /A Fobns 2513 LI LIERRANCERT 5
HHWE»E R o7 (Fig. 10D-F), U EDRIZY 1 TH
T& 5 UTEX 233 L HARED 2 #k% &1 C eugametos
BEEVRE2EHE, L1 FORENDIT AT
HUIE LISARANCES T 2B ClhoB L@z shi
(Figs. 8, 10)

UTEX 1032 i3 C. oliveri £ FJEE 8T\ 2724 (Starr
and Zeikus 1993), Z&#kiZLL OB % C. eugametos DI
RERIREBE S {—& LTV, 7, C oliveri DIES
W (West1915) 12k 5L, FBRESF U RKDF vy
THEEORTEHE) L L T2 (Fig. 13), BIEL
72 Carteria D EOBRIZD F DR * v v TiI3@o6h
Lhoiz, o T, UTEX 1032 D "C. olivier” 1385 6
PICRAEIAEEZONT,

Fig. 13. Original line drawings of Carteria oliveri G. S. West (1915) .
Not to scale.

BOD2FEABRITT T, NIES ICRFEE T,
"C. inversa" L LTRIEEINTVAbDTH-7-
(Watanabe and Nozaki 1994), L% L, HEEZ%584%
BRrEHLER, RO L /SE S OBERVE
HEBOSEFENRLZLDT2HICHI S, 2
#kiZ C inversa (Korshikov) Bourrelly, 5% Y @ 2 $kid
wBLERINL,

C. inversa L BE L 72O IZERAERTHRICE
<, BAIRIZIZAREZ LT, SETRAE»S R
BLBRORAABIT, BiZE¥ L/ 1 Fo+ CRIFICH
B 5 (Fig.8), EAMETHEMB TS 2HET
3L, BRTENREBL, EEAS5RB L, REEHE
i +ERE L TWAEMHEEE 2o (Fig.
9E,F), ¥7:, ERMBEFHEMBCHELAER, T
ARABDPEICEL ) 4 FRIIRESICIYEATS
9, ¥V /4 FEEDS X FI2HABICOAHFLT
\W7: (Fig. 10B) o

—%, FHLEZLDDEIRBEDOOLITIHLE
Br@doREINHTH Y, AEIIZIZHETH
HEYUEEA % D T "cerasiformis” (€ { 5 AIROE%
L72) LwH B g %172, C cerasiformis Nozaki et
al DI E LV /4 FORIHICAHBL, BEIIKEA
{, NE T RO R TERBPFFRBL TV
WHEHIEBMNTH o7 (Fig.8). EEREFHEMET
BRTIENESOWENABL 2o, EEHHR
3L, NETIHREEIFIICER, TFORLHEL
%o Tw/: (Fig.9G,H), EBRBTFETHRET S L,
¥L/4 FORBZEICTARARILATED, B
BT * 7 I3HAMICEFI L T/ (Fig. 100). &5
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i)

Fig. 14. Two types of flagellar apparatuses of the genus Carteria. A: Groupl. B: GroupII. (From Lembi 1975 ; reproduced by permission

of Dr. C. A. Lembi and Phycological Society of America) .

12, Ao 31 LI ENATER OIS EERD
Bhol D3 BIE—FTROEFMELED9 0
BEEEE U721, BAMICHEREH»AS (Fig. 11A,B),
—7%, C. cerasifirmis {3 % DR B E O REEHE
WABMDE—FEIFERZ S (Fig. 11C,D), - T, C
cerasiformis (JHIAH IR CTH AL, RETDEND
TYRHBETIES, ZOPREPEL B> TWEER
VENEFREEDOE—FEOFE T 3 7 L BHREICH
MENs (Fig.8)o 7z, HEHRIELRERZITO
WTHFRIDNET % b b, C cerasiformis DR HIKL
DERFIENS D E LT, C reisigliiEttl (1968) & \»
IbDHHB, LHL, Creisigli D/SE 5137 { =21
L, EL/ A FFELIELIE2 - 3M@ICkBEVIET
C. cerasiformis L &2 5,

P E ORI BHIRREEE O RIS Tt "B
MERY LERTERVRBLERZTOE L
T, ZORBRUER»OBHEROEW 2 BEL
Tz o, L L, BEOMELEDEEICIZE
) LTHRRIDZDT, FNZTOBRTIIERD
DEBNLZATIIED LV, ERLSELAEZT)
BIIEY O ES 2 T ITER 2 HII SR &
RCTH 5, 0T, MHEERORICIX, EEIH,
Thhrolal), BUNNVOREN AT BEIZE WO IER
VELHEETH L) THD, EELEDHFETIE, A1V
Fry—aL sy aryoRFRICR> T iz+FERID
¥ %D Carteria D O thE VA HTEMLSHE -
FEDTEEL 2o 2R TH 5, 4 & ERBIZFIRD
RICEBEDGERHLEY 4 TERICIER S WS,
YA TEERZIETLLDELT, AIVFY—aL 2
¥ a v OREFROEMABHEROMEFEORROE
I E TN 5,1994 SEICHET S M7 B & &
## (Tokyo Code) (Greuteretal. 1994) Tit#DEk

0 "8B.1" T "WEEABA I L TEHE T 3 EEOH
LRERRSNASEROLZHOEERFELOHH
(holotype material) 25 & & 7-HERBREFEM L, P 7% <
&b 2EHIOAKAGOREER T 12ILRIZFEROR
BERRICFHETRETHEL" L LTS, KETRIOM
% (Berlin Code) (Greuter et al. 1988) Tid " 5F4
DEWHNVF ¥—3 V7Y a” (areputable culture
collection) " (Z Z TIIEHED "9A.1" TH5B) Lo
TV DA 4 [ D Tokyo Code Tid "L b2H
FOLNEABOREREKE T IR IZFEEORTME
(at least two institutional culture or genetic resource
collections) " \ZBET & M7z, HEMFEFICBITH AN
Fx—alL sy arOBEERNORHEFERIOICRT
DEL Lo TVAEERLTV S,

4, ¥BDINE S 2D Carteria DRI & Rk

Ettl (1979) OGEMERIHEZIE, Carteria B 13 3ER
BOEE,P L ABOTNV—TIZHEIN SN D, EEE
(Nozaki et al. 1994) k-7 4 DS b C, crucifera i
EL/ A FHBRRICH Y, ZORFIHEIFEET H—
B "Pseudaloe" |25 S N, M) 3FEid o v TRIDIER
BOEORFII—HEOEL )[4 FiEboZ Edb
"Bucarteria" I25 83N 5, —7, Lembi (1975) I
Carteria BEDHMIBE L BB L, EXMICRL2 5 2%
FOWELETEEZHS 2L, Carteria BOHIZ 2D
DTN —T%BFH L7zo GroupI it Chlamydomonas %°
Volvox DDA+ e 4 <7 B L EXWICELV
FRIOEEETEEL b (Fig. 14A), Groupllid, #
Fe s <) BORTL D% ) R EERTHEE %
b (Fig. 14B), %72, Groupl ® Carteria 13 BTB DA%
LZHFRONE T EFE2 VA, Group II @ Lembi
(1975) RV SHRIZEESELHBE L A0 TH 25+
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10 Chlamydomonas eugametos

Chlamydomonas moewusii

°_|>_——|
Chlamydomonas pitschmannii

e Chlamydomonas noctigama

>10 E

2 >10

Stephanosphaera pluvialis
Haematococcus zimbabwiensis

=  Haematococcus lacustris

p Carteria radiosa

31 |10

T

¥ Carteria sp. UTEX LB762
Eudorina elegans

8 9

5 | Oocystis minuta
10 -
>

Uronema belkae

Volvox aureus

LS Chlamydomonas reinhardtii
Chlamydomonas culleus
= Carteria crucifera

12 I Carterla lunzensis

Carteria olivieri

Scenedesmus obliquus

Draparnaldia plumosa

Fig. 15. Minimal length cladgram from parsimony analysis of sequence and organismal data. The decay index has been mapped to each internal

branch.

FREV) LIVERICIE "HE ONSESEROIL
LB, $65 T, Carteria ® group I i35 B R EERE
BELHBONET LWITHOFEHEEL O DLW
IEEL D,

B, Carteria BOGFRFFMN LWEDST A A
@ Buchheim and Chapman (1992) IZ & o THEER S hi,
% % i3 ribosome RNA L EREZ D 7 — 5 H LEH#ET
FIEB E/ER L, Lembi (1975) @ Carteria ® Group Il
MAFe s <7 ) BEEOBT, HH ML T
WAKR L REAEICH 5 HER L (Fig. 15 134
SDORBEMTH 55, AEI XD T I RHEMIHON
TVE0XH 5 E85), BIH Group I #* Carteria O
Groupl & b &&eftin A 4 v 4"< 7 ) BiZad L Ttk
(sistergroup) & 2BEVIHETH S, o T, L
W) BB NE T OEERUEEOBERED Carteria
THE SN HFRLTHEBTFHAMEEME (Nozaki
1994) 12 = D#E % Group I DIEHk % RHBINL B % KL
LTW3 W) heHEN D 2, BICEE S OTREMNER
%% (Nozaki et al. 1994) 1 Group I IZFTBT 5 L £ X
LNBEEHA OO Y T, SRS LERD
5AFT, EEL SR L REEEY Iighb v
HEAHEUBZHEOPIC LA #o T, ThHD4HE
BREIE C, BBD/SE S 2 $5727% WD Carteria

(From Buchheim and Chapman 1992 ; reproduced by permission of Dr. M. A. Buchheim and Phycological Society of America) .

LEREENC R ) R 2EISER S h b, EEO
FHRET Carteria B % 7/ V— 7573 % Eul (1979) 128
Y&y, BRELEEERBEL+FE (BE) o
YSDEEIZLY Carteria B% 2 2I25F % Lembi
(195 DEBHEL VAR THELEZLNE LPL,
BEEBOBAEET I SPFRICBEINT
Wb b DiE Carteria B O TEFED 6 X ITTH B,
#oT, LWELDHED T — 7 H Carteria BEAKD 5
BFHBERFICRLELEDbh S,

31 A"

Bold, H. C. and Wynne, M. J. 1985. Introduction to the Algae,
2nd edition. Prentice-Hall, New Jersey.

Buchheim, M. A. and Chapman, R. L. 1992. Phylogeny of
Carteria (Chlorophyceae) inferred from molecular and
organismal data. J. Phycol. 28 : 362-374.

Ettl, H. 1968. Ein Beitrag zur Kenntnis der Algenflora Tirols.
Ber. Natur-Med. Ver. Innsbruck 56 : 177-354.

Ettl, H. 1979. Die Gattungen Carteria Diesing emend. Francé
und Provasoliella A. R. Loeblich. Beih. Nova Hedwigia
60 : 1-226.

Ettl, H. 1983. Chlorophyta I. Phytomonadia. In Ettl, H.,
Gerloff, J., Heynig, H. and Mollenhauer, D. (eds.)



114

Siisswasserflora von Mitteleuropa. Vol. 9. Gustav
Fischer Verlag, Stuttgart.
Ettl, H. and Ettl, O. 1959. Zur Kenntniss der Klasse
Volvophyceae. II. Arch. Protistenk. 104 : 51-112.
Fott, B. 1968. Notes on the taxonomy and morphology of
some algae cultivated in the Culture Collection of Algae
at the Botany Department of Charles University of
Prague. Acta Univ. Carol.-Biol. 1967 : 223-240.

Greuter, W., Barrie, H. M., Burdet, H. M., Chaloner, W. G.,
Jgrgensen, P. M., Nicolson, D. H., Silva, P. C., Stafleu,
Trehane, P. and McNeill, J. 1994. International Code
of Botanical Nomenclature (Tokyo Code) . Adopted
by the Fifteenth International Botanical Congress,
Yokohama, August-September 1993. Koeltz Scientific
Books, Konigstein.

Greuter, W., Burdet, H. M., Chaloner, W. G., Demoulin, V.,
Grolle, R., Hawks-Worth, D. L., Nicolson, D. H., Silva,
P. C,, Stafleu, F. A., Voss, E. G. and McNeill, J. 1988.
International Code of Botanical Nomenclature. Adopted
by the Fourteenth International Botanical Congress,
Berlin, July-August 1987. Koeltz Scientific Books,
Konigstein.

Lembi, C. A. 1975. The fine structure of the flagellar
apparatus of Carteria. J. Phycol. 11: 1-9.

Mitra, A. K. 1950. A peculiar method of sexual reproduction
in certain new members of the Chlamydomonadaceae.

B i

Hydrobiologia 2 : 209-219.

Nozaki, H. 1994. Aplanogamous sexual reproduction in
Carteria eugametos (Volvocales, Chlorophyta) . Eur.
J. Phycol. 29 : 135-139.

Nozaki, H., Aizawa, K. and Watanabe, M. M. 1994. A
taxonomic study on four species of Carteria
(Volvocales, Chlorophyta) with cruciate anterior
papillae, based on cultured material. Phycologia 33 :
239-247.

Pascher, A. and Jahoda, R. 1928. Neue Polyblepharidinen
und Chlamydomonadinen aus den Almtiimpeln um
Lunz. Arch. Protistenk. 61 : 239-281.

Starr, R. C. and Zeikus, J. A. 1993. UTEX-The Culture
Collection of Algae at the University of Texas at Austin.
J. Phycol. 29 (2): 1-106 (Supplement) .

Wandschneider, K. and Kies, L. 1978. Ungeschlechtliche
und anisogame geschlechtliche Fortpflanzung bei der
diézischen Carteria obtusa Dill (Volvocales,
Chlorophyceae) . Mitt. Inst. Allg. Bot. Hamburg 16 :
75-86.

Watanabe, M. M. and Nozaki, H. (eds.) 1994. NIES-
Collection. List of Strains, Fourth Edition, Microalgae
and Protozoa. National Institute for Environmental
Studies, Tsukuba.

West, G. S. 1915. Algological Notes.-XIV.-XVII. J. Bot.
53 :73-84.





