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Nozaki, H. 1986. Sexual reproduction in the colonial Volvocales (Chlorophyta). Jap. J.
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Morphlogical details of sexual reproduction at light microscope level in the three families
of the colonial Volvocales are reviewed. Five types of sexual reproduction are rec-
ognized in the Volvocaceae. In Gonium pectorale, each of the two conjugating isogametes
bears a tubular mating structure (bilateral mating papilla) and a germinating zygote gives
rise to four biflagellate gone cells joined in a colony (germ colony). Only one of the two
conjugating gametes of G. sociale bears a tubular mating structure (unilateral mating
papilla) and four biflagellate gone cells are released separately from a germinating zygote
of this alga. Pandorina and Volvuline have isogametes with bilateral mating papillae and
germinating zygotes which produce a single biflagellate gone cell. FEudorina, Pleodorina
and Platydorina have anisogamous sexual reproduction with bundles of male gametes (sperm
packets) and their germinating zygotes produce one or two biflagellate gone cells. Volvox
is oogamous with sperm packets and its germinating zygote produces a single gone cell.
Astrephomene (Astrephomenaceae) has essentially the same mode of sexual reproduction
as Pandorina and Volvulina. Pyrobotrys (Spondylomoraceae) shows unique sexual re-
production in these colonial Volvocales, having small isogametes which are produced by
the successive divisions of the colonial cells. These gametes have no tubular mating
structures (mating papillae) observed in the isogamous volvocacean and astrephomenacean
algae. Phylogenetic relationships among these colonial green flagellates are discussed
mainly on the basis of the difference of sexual reproduction.

Key Index Words: Anisogamy ; Astrephomenaceae ; Chlorophyta ; colonial Volvocales ;
isogamy ; mating papilla; oogamy; phylogeny; sexual reproduction; Spondylomor-
aceae ; Volvocaceae; Volvocales,

Hisayoshi Nozaki, Keio Senior High School, Hiyoshi, Kohoku-ku, Yokohama-shi,

Kanagawa, 223 Japan.

BEfhtEA A e <=9 Y B (colonial Volvocales) o
RFEH L LDORIZIDODF, Volvocaceae, Astre-
phomenaceae, Spondylomoraceae 5%, —hb 3
FHIVFhd Chlamydomonas BDZE 2 i £/
(Spondylomorum BiFiL %K 4 HIBH) OMH
Lis B ERERFEAL DD (Fig. 1), EMATITBE
R ETHARKETHD, Thb IPHIBFEE D
B Bl % A ERREEO FE TEA Sha
(BoLp and WyYNNE 1978, STARR 1980), 7, H
PRI B 4 I B « MO L DB B, WTh
LA THREFT HRCHE S E LT 5 BIBLEER

DEHEELBRTWS (STEIN 1958b, COLEMAN
1959, STARR 1975, BoLp and WyYNNE 1978)

T, AERELCHEEREC IS0~V
2HAVCTHLMLR -1, Thb 3HOFMERDE
BV~ OBIERIC OV T 5, BRI, &
AHDOEDORFBRIC L ER LI\, Tods, Bhdd
Fe s =y ) HO—RROEIL Ot L BE  RES
fbUEictr e <79 Volvox oM+ e v )L
TitfhoEE (STARR 1968 1970a 1980 1984, WIESE
1969, KockERT 1975 1981 1982, BoLp and WYNNE
1978, CoLEMAN 1979) #ZRBINiz\,
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Fig. 1. Vegetative colonies of the colonial Volvocales. a-f. Volvocaceae; g. Astrephomenaceae;
h. Spondylomoraceae; a. Gonium pectorale MULLER (HARTMANN 1924) 5 b. Pandorina morum Bory
(Nozaki and Kasaxr 1979) ; c¢. Volvulina steinii PLavyrair (Nozaxi 1982a) ; d. Eudorina unicocca
Swmrri (1930) ; e. Pleodorina californica Suaw (1894) ; f. Platydorina caudata Koroip (1899) ; g.
Astrephomene perforata Nozawxi (1983b) ; h. Pyrobotrys stellata (KorsHikov) KorsHikov (Nozaki
1986¢).



234 Nozaki, H.

1. Volvocaceae (4 k4 <7 &)

SHOFTRLEL OREEL BT, Gonium L
Platydorina o 2 BT EHIROBEAETH B M, Fhld
NO L DIBSERIRT, WIFh b BRI RN
He@wihs (Fig. la-f), BRROBEkE oD
PETRIICRES (inversion) 5% & b 28 E LT
W% (SmithH 1950, BoLp and WyN~NE 1978), #A&Ft
DD BB & Mfia OTSEIE OV A5 A R O
THRANZI T3,

FHAERMCIABEIB TS (sogamy), REE(E
FH4 (anisogamy), IR (cogamy) HH %S,
—#e, CofERE LB, koMK X oYk
MO & B e BAtRic b B (Table 1), #F
KB HFMERILERETHD, UTDO520FME
Hbhb,

(1) Gonium pectorale W)
(2) Gonium sociale
(3) Pandorina

(4) Eudorina #

(5) Volvox B

(1) Gonium pectorale )

Gonium pectorale MULLER {3 #IRD16F7-12 8
MifaD e % &> (Figs. la, 2a), AFWOHMAEM
i* SCHREIBER (1925), STEIN (1958b), #§7C5H (1978)
2, RAREBTESLEATORTFYHREL TV 5,
JE4E, Nozakr (1984a) 13 ABD BB % XL
L, HEFOMREXBT5,

G. pectorale D ~5 w 2 Y , 7 (heterothallic) @
HWMORERD 7 » ~ v 2 RET5 &, BEOHKRM
Ak ol brich, SRR MREEE R
E3CT (Fig. 2b), ZD ¥ FHHPOER 2HWERD

BBFLE5, RATFIEEERCHR-RRERD
2 (arrow, Fig. 2¢) # %, HEE 5-12pum TH
5, EETFIRMEIUEL, WEERTE 1 HTHEIE
#47% gamete clumping L\ 5 REx & H (Fig.
2d), 2O CAEMNEA T B, HEARYWEERCHS
EROLEMA LD G2 LT 5 (Fig. 2e-f), i
DFEE DR R, TR B TR MIIRE OF» T & (Fig. 2),
BrLvEL ey, ARBTFOIRREIFEL,
T ILMERAYPARL, BAHETL, 4HE
DA T L1c s (Fig. 2g) , A TRKITEEL K,
MifEEEL WL, RIRREBL /s, EAXMKIES
BBTORBITIRE 5pm HET 5,

BETFRRFTH R, E6TFOENRHEL, *
DR CRERBENMYSC2EAPHL, RAD4EHD =~
i3 (gone cell) »3T& 3% (Fig.2h), £Hlans
B2RSOWEHNEL, MEDOHIRL 1 >DRL (germ
colony) (Fig.2i) L7~ T, fEHFFDOHEL BT 5,
ZD4ED = — v fiflaik 2 B30 R B AEMIYRELE
DI B EVS HERN BB TS (SCHREIBER
1925, SteIN 1958b, #§JC & 1978), % 7= STEIN
(1958b) ILRIFREFOMBAHLXBEL TV B, #-T,
AEOWIL 1 DOBETFICL - THRESh, BEETFR
HIFOWBE DB TH =T — v MR RERE FHAES
ThBbDEHENI NGB, FEDRGHE L EDRE
B pt Gonium multicoccum Pocock (Saito 1984)
THEIRTW3,

(2) Gonium sociale %)

Gonium sociale (DujARDIN) WARMING (% 4 fifa
WO E R (Fig. 3a), AHEOFHAMMRBE
BFEETHAB Z &k STARR (1955), STEIN (1959)
X o> THBMEE» TR, FOEETFORFER
BEIRTihot, LAL, B&E Nozaki(1986a)

Table 1. Characteristics of genera of Volvocaceae

Genus Colony cell number Cells in colony Sexual reproduction
Gonium 16, 8 or 4 all reproductive isogamous
Pandorina 16 or 8 all reproductive isogamous
Volvulina 16 or 8 all reproductive isogamous
Eudorina 32 or 16 all reproductive or *rarely facultatively anisogamous

somatic in only anterior four
Platydorina 32 or 16 all reproductive anisogamous
Pleodorina 128, 64 or 32 anteriorly somatic and posteriorly anisogamous
reproductive
Volvox 500-50, 000 almost somatic

* E. illinoisensis

oogamous
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X

Fig. 2. Gonium pectorale MULLER. Each scale bar: 20 ym. b-g. Phase contrast. a. 16-celled vege-
tative colony; b. Gamete escaping from the cellular sheath (arrow heads); c. Gamete bearing a
slender mating papilla (arrow) at the base of the flagella (arrow heads) ; d. Gamete clumping and
fusing gametes (arrow head). Arrow indicates the flagellar tips of the gametes; e. Pair of gametes
just before plasmogamy. Both gametes bear a mating papilla (arrow); f. Two gametes forming
cytoplasmic bridge between them; g. Quadriflagellate zygote; h. Germinating zygote producing four
gone cells; i. Four gone cells joined in a colony (germ colony). Ink preparation.

Fig. 3. Gonium sociale (DujarpIN) WArRMING. Each scale bar: 20 gm. b-e, g-i. Phase contrast.
a. Vegetative colony. Ink preparation; b. Gametes aggregating in a clump with their flagellar tips
sticking together at the two opposite ends (arrow heads). Arrow indicates fusing gametes; c. Pair
of conjugating gametes. Note one of the two bearing a mating papilla (arrow); d. Two gametes
forming a cytoplasmic bridge (arrow) between them; e. Two gametes with their anterior regions
touched together; f. Mature aplanozygotes; g. Germinating zygote just prior to the liberation of gone
cells; h. Four gone cells escaping separately from the zygote wall; i. Biflagellate gone cell.
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REABOHEATORFCHRIIL, mx CTHRBFOES
BEYEEL, TORMEHRE L.

G. sociale var. sociale {L:xE %Y , 7 (homo-
thallic) Th b, FAEMCERETS &, BETED
Ebiieh, FHRRERROBBYRYTTT, £
DEFER2PFERCHRYOBRBT L5, BBFI
EEERCHREROREL DD L bk
DERD D, BBTFRBMEULETHEETER, Lok
Rk G. pectorale (Fig. 2d) LixRith, BEEFO
FEDELR 2 K CHEELMBHAE LbL, ok
2EADRMBTIESTSH (Fig. 3b), #A4TH 2D
RBTRERNCIIRAKA TS B2, KFHET s
RoEEEY b (Fig. 3¢), A HDEED LM M
DREDILWHEEICAE L, WEORCHMED
BWhric&s (Fig. 3d), ZOBIXLEWIREL DT
EBFORMSL 4% 3¢ (Fig. 3e), MEMAM
BHPLHRACHETL, 4EEOBHEATFNTES,
BES FIRCHEEL & MRBEL AW L, RIRIRE
&7t% (Fig. 3f),

BEATFRERAELABY AL, BEOKEES
e d ST L RFRBBT S, £, MlaBEo s
Rsh, RARREL, FROFEHE S 2 @)
HLAEOFADHNANTES (Fig. 3g), KicFEH
LB vsh, %42 2 IR O = — v fifhid
biEbic#E 5 (Fig. 3h-i), %= — v fILESR
ik Lictk, MWEERL, EHEAMORIT 2 mHH
LT, 4#fatto% L=~ Bk (gone colony) &
%,

(3) Pandorina R

COFWEFADHERY & 5 L DIk Pandorina {0
fibic Volvulina Bhih s, WEE b16% 7211 8 Hifa
ORI DOBEth% 102, Pandorina ITERRM B X
UE o (Fig. 1b), Volvulina 11 v v Xk 5L EHRF
D (Fig. lc) Milaxd o tx HEELTWS,
Pandorina o F¥: £HIT 19 #HE1 5 MIBATED
(PrinGsHEIM 1870), SmiTH (1950, 1955) o#fls
TEORFMEEMPRBEBRTES LB RT3, L
A LEER Y fAvic CoLEMAN (1959) offgeic & b,
BATARBTOXEINRILIBE LA—DBEMN
HY, BRBFOKEIE, Thik UcREo i
MICLsb0THY, FENIIRIEMBTES T
WELTWB, Zhikkn Gonium o 2 F, Vol-
vulina, Astrephomene 3 HTILEBZ L TH5B,
Pandorine 7 ABERBTHEAEZTHEWS Z Lz Kk
B D 5 EFHEEIZ L /5T (RAYBURN and

STARR 1974), Volvulina @ 75 ¥k 4 ji X STEIN
(19582) HRBEBFEATHD LWL LI,
STARR (1962) i+ V. pringsheimii STARR DEBET
A% RS € REROTROME (mating
papilla: &%) »b 5 = L% Volvocaceae iIZ s\ »
TEDTHE L, D%, RAKA#ER Volvuline
steinii PLAYFAIR (CAREFOOT 1966, Nozak11982a),
Pandorina morum Bory, P. unicocca RAYBURN &
STARR (Nozakr 1982b), THEIhT\ 5, Pan-
dorina k Volvulina D4 F O RKIEDS HANTILIFE—
Thb, TOFEMLBEIEFEL I T 5 (Nozaki
and Kasaki 1979, Nozaxkr 1981, Nozaki 1982a) ,

MRZEH~Tr2 Y » 7 ThHY, HHHXEED
BriRaTrL, HOAEHNEETESE TS colony
clumping LW RMEELD, T hRBEHEFHDORY
DRIETH B, RICEDRBOFT, BEORBMIE
MNERXREE IV O FRFTHT, BETELUTH
7% (Fig.4a), BBTFIERAFERORETH Y,
KEIRZEBFL K LI-HEo My sT
b5, EBRTOMIaREIERYCIIFEMGL F—
Th 5, WEEBEATROE4RE (pa, Fig.
4b) Hb B, EETFHES L TEATCI BRI
ik Gonium pectorale L R—Thb, HROEBF
NEELEED £mH%Y 1 RTHESIES gamete
clumping %KL, ZOH0 2 BORMBFOFER
HEREOKEH S MRERME AR L (Fig. 4b),
LFEOBBEATF LD (Fig. 4c), RITESFIIW
Fwk\y (Fig. 4d) HfaBE2 W UIKIRIREBE 725
(Fig. 4e-f),

BATFRRFRCID &, TOo—Ho MR
L (Fig. 4g), EH LAt sh, 1EOER2
WEMO = — v fikesEHT 5 (Fig. 4h-j), & OlF
CHBABORIEY L Bbh s N B ME
(hyaline body) (hb, Fig. 4h-i) »EEIh3, &
MBS B OSPHER ORMB A H O/ & [/ R

BESDZD 1 SOBRMEKETCEEFIEET) b
23D EBbhb, kEFH =~ flntEoFEC
B Y 2WL (FRTTREEL DS - T 3)
(Fig. 4k), ZOEOHFTH L= — v FEOTEH
fitshbh s (Fig. 4-p), O, =—v#laD 2
FIBEN SR, REDOFBHEA - T BHEEE
wiknes (Fig. 4-0), =D 2 KDOHFIXHEROFE
HRRET MBI 0 T, BEhbIThd, Kok
CTERH UL T — v RO KM HIXEEN4ET,
PEAEIIE X vl %,
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Fig. 4. Sexual reproduction of Volvulina steinii PLayrair (Nozaxi 1982a). a. Gamete release; b.
Gamete clumping and conjugation of gametes. Note mating papilla (pa) and cytoplasmic bridge (cb) ;
c. Quadriflagellate zygote; d. Zygotes just after settling down; e. Young aplanozygotes; f. Mature
aplanozygotes; g-i. Germinating zygotes. Note hyaline body (hb); j. Biflagellate gone cell; k. Gone
cell with gelatinous envelope; I-p. Gone colony formation; 1. 2-celled stage; m. 4-celled stage; n.
8-celled stage; o. Inversion stage; p. 8-celled gone colony in gelatinous envelope.

(4) FEudorina %l

iy Eudorina g o fih, Pleodorina & Platy-
dorina ® 2 J@h %%, FEudorina Y Pleodorina |k
TR D BEfAA & 22 (Fig. 1d-e), Platydorina
VBB O TR D B & & (Fig. 16), Pleodorina
W BERO RN S e IR A X TS
(Fig. le), GorpsTEIN (1964) (X 4 {H D JEA4RiHI
# % -2 Pleodorina Koromp ~
Eudorina o 3 fiassfil L7k, #ETaE52 L
L, FEERAC Pleodorina californica Suaw o JEAEJ
e AR5 5 & L &2 & LT Pleodorina

illinoisensis

& % Eudorina JRic B33 €, LMoL, KFED
Pleodorina ofED < P. illinoisensis 72JLZD
BRI e /e L TR B, M Eaic b
PR S G- T A2 5 5 (WATERS 1960, Bk
1986), Z o piAs eI ime e Licd D%
L oflhd Pleodorina Off L fic - Tub, - THE
% E. illinoisensis (Koroip) PascHER Dtz
T 5%, flio Pleodorina o il Eudorina i
BITS W% L Bhh b, Platydorina Tik
1 ffi P. caudata Koroip (1899) #EiE i Tuw%
DILTHbH, Fefkix Gonium DFRTSEHILTIED S
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M, BRI G 17700, Lo foh, BRI
Stf#, 4R T (intercalation) SEHIR I 7c B
(Harris and Starr 1969, Tavior et al. 1985)
BT Gonium LITIERINIC > Thb, ThbH3
JRVEIEAR BN 7] — D S AS - F-3E 5 D AT PR AT 5
5., Nozaxl (1983a) (% FEudorina elegans EuRr.
var. elegans % i\ C, SURUELIEF- D Pty O & A
FohchaCidieb o b L, FOiEG 1R HhE
#FEANCBgE L,

E. elegans var. elegans D ~F v z ) o 7 Ol

Fig. 5. Sexual reproduction of two varieties of Eudorina elegans Eur. Each scale bar: 20 pm. a-c,
f, i-j. Phase contrast. a-j. E. elegans var. elegans;

O P Pty B 28 5 & AR O BB R E 5o
HEMERE R D FTRTOME Z 0 <, WA O
DELL, MBEL TR TFUe (sperm packet) riekh
(Fig. 5a) o K5 TFHIX 16 % 7o 32 i 0 BHERI O Mk AL
W2 doEoERociEa L ERIBEORHETH
% (Fig. 5b), —75, WEMEREMAIEIE2380< e D, %
FRIEERIZM U, SRR A X SR E D v T
W7l a B e E 3T C, o F FMitERINT L7
% (Fig. 5¢), MEMERUHEF o 2 HiBR IR R ILE >
FXE - FTHEHT 5o ZORICHEMICHERL 72

7& | M

a. Male colony producing sperm packets; b.

Sperm packet; c. Mature female gamete. Note vesicle (arrow head) cast by the gamete; d. Sperm
packets surrounding female colony; e. Sperm packet (arrow head) dissociating nearby the female
colony; f. Male gamete bearing a slender cytoplasmic protrusion (arrow) at the base of the flagella
(arrow heads) ; g. Male gamete (arrow head) landing on the lateral anterior portion of the female
gamete; h. Mature aplanozygote; i. Initial stage of germinating zygote. Arrow head indicates hyaline

body; j. Gone cell escaping from the zygote wall ;

k-o. E. elegans var. synoica GOLDSTEIN; k. Sexual

colony with sperm packets (arrows) and female gametes (arrow heads); l-o0. Zygote germination;
1. Initial stage; m. Just after the transverse division; n. Two gone cells in the expanding zygote wall.
Arrow head indicates hyaline body; o. Two gone cells escaping from the zygote wall.
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Fig. 6. Diagrams of stages in conjugation of Eudorina elegans Eur. var. elegans (Nozaki 1983a).
a. Just before plasmogamy; b. Initial stage of plasmogamy; c. Middle stage of plasmogamy; d. Late

stage of the plasmogamy; e. Just after plasmogamy ;
(fs) stigma of female gamete;
(tv) transparent vesicle cast by female gamete.

colony; (ff) flagellum of female gamete;

gamete; (ms) stigma of male gamete;

MR, PR ERL D (Fig. 5d), X5
WEH e h, #xOREMEBT I HEERECRATS
(Fig. 5e), HEMELIBFIXEIE 2 ER, Jex 10-15
pm T, EEEFHIE, BT pem K bETHHM
lREROREY L > (Fig. 5), MEMERARICRAL
THEMEEC BRI (BN L MEMECET O
EEMcHFTHETS (Figs. 5g, 6a), MR ET
D AR A X HEMEEL IS T o B SEME BRI T D HEE
EMRICRATS ek » THtAL (Fig. 6b),
WELBTFOMNEE BihH» s B #TL (Fig. 6c-
d), #HFLicn (Fig. 6e), ZDREHG TiXHEdRD
HOHE 2 R LIk VCHEY 24Kb 0, AT
RRCHEER R, MlBEL WL, KIRRBL e
(Fig. 5h),

BETFORFL - kO B BT £ R B
Pandorina Bl RA—Thb, [EGFOBELD 1EHD
ER2WERND 7~ v fiflanrt i+ 5 (Fig. 5i-j),
=~ v il E 0 RICERCEX WL, ErH%
MUl — v #ilaD 28 ETHER LIEHID, Eodo
AR EAE AL AR MY DL TH L =~
vRthET D,

Eudorina elegans var. elegans } Platydorina
caudata TG FRIMCT 1 HD = — o HusLE]
35 A% (SCHREIBER 1925, GoLDSTEIN 1964, HARRIS
and STARR 1969), E. illinoisensis L E. elegans
var. synoica GOLDSTEIN T/% 1 ¥ it/ 2

(cg) confluent gelatinous envelope of female
(mf) flagellum of male

DT —HlaNR 1 DOEETF XY RFT D LHHE
XhTtwbd (WaTers 1960, Nozaki 1986b) (Fig.
5k-0), 7ok, MRRKDEH\HRFKD Pleodoring O
DESTFORFTETHHEI T v,

(5) Volvox B

ZOREHBTHDIE A =9 ) Volvox 1|8
B THD, ABILEL ABHASRA TV BRKETD
D, &L OFWMNEHINTVB, Saitn (1944) D=
7 77 7R IE, X ORAO MR A0 EES
DK « FiE L ERREFDOFETISHA 4 DO
TREINT 5B, LOHEBOSHIEZ L2 bb T,
AR VB &R £ TR BRR OB TR
DIIFRETH D, THIH O L EO =~ ~ HilarlE
LRAETHBELTVS (DARDEN 1966, KOCKERT
1968, STARR 1969 1970b, VANDE BERG and STARR
1971), L2 U BHAETOBFEEOTE L REDHER
TUTFD32icE L dbhsd,

a. kE®2 Y 5 7HMiERIGE: 1 DOFHBRETE T
HEOH2L b, Copelandsphaera £ V. dis-
sipatrix (SHAW) PriNTZz & Euvolvox Hin%<{ o
HDICHBHRA (SMiT 1944, STARR 1968) (Table
2)o EEHMLINE X DI 72 Euvolvox £ 1
(RFEE) THEBELXLTWS L AR &4 (Fig
Ta-b) rirflic wEHER GO FHERGAL > (Fig
Tc-e), ARZHEXL, BoO»%HRREYL L OKBE
DRI LZRHERE L 2L DI RET S (Fig. 7f-g),
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Species

V. africanus

V. aureus
V. barberi

V. carteri

V. dissipatrix
V. gigas

V. globator
V. obversus
14

. pocockiae

V. powersii
V. rousseletii

V. spermatosphaera

Fig. 7. Volvox (sect. Euvolvox) sp. Each scale bar: 40 pm.

Table 2.

Sexuality

homothallic

heterothallic
homothallic
homothallic
heterothallic

homothallic
heterothallic
homothallic
heterothallic

homothallic

homothallic

heterothallic

homothallic

Nozaxi, H.

Sexual characteristics of species of Volvox

Sexual colonies

females

dioecious with special females
dioecious with facultative females
monoecious

dioecious with special females and
dwarf males

monoecious
dioecious with special females
monoecious
dioecious with special females

dioecious with facultative females
and dwarf males

dioecious with special females
dioecious with special females

dioecious with facultative females
and dwarf males

References

monoecious or dioecious with special STArRr (1971)

DArRDEN (1966)
STARR (1968)

Kocuert (1968)
STAarRr (1969)

STARR (1968)

VANDE BERG and STaArr (1971)
STARR (1968)

KKARN et al. (1974)

STARR (1970b)

Vanpi BERG and STARR (1971)
McCrackEN and STARR (1970)

STARR (1968)
STARR (1970b)

= 3
e g
R D) DI 2 eaka”

a. Asexual colonies; b. Surface view

of asexual colony showing somatic cells connected to one another by cytoplasmic strands. Phase con-
trast; c. Monoecious sexual colony with sperm packets (arrows) and eggs (arrow heads) ; d. Sperm

packet; e. Eggs;

f. Mature sexual colony with mature zygotes;

g. Mature zygotes.
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Fig. 8. Volvox aureus Eur. Each scale bar: 40 pm. a. asexual colonies; b.
asexual colony; c. Surface view of asexual colony showing somatic cells connected to one another by

cytoplasmic strands.
Male colony; f. Sperm packets in male colony ;
zygote.

b. &E£ Y, 7Sk 1 o027 v —~vorhic
WHEHER %« DB HERADMED D o HEMERE AL % < DR
FHEL D, FEOMBE AL A UMo%E
L, Mo nwis (dwarf males) L23h 5, M
PERE R MR o BRI (=2 7) oo
Pp b 2 Fpal 7 MEMEREAA D < % B3y (special fe-
males) &JZREMNCILEENER A & (XK om g, =
=7 BRI E L THRES 5854 (facultative females)
ENBHB, ThDBITFEICY > THRH Table 2 2%
MR, ixd —aiciiiEh s Volvox ©h 5
V. aureus Eur. %, dwarf T7g\ males » facul-
tative females # 2k E X2 Vo 7 It FETH 5
(DarpEN 1966, Nozakr 1984b) (Fig. 8a-h),

C. ~TFwx )y s MERER A MEE VR RO AP
ka2 B Z ENBEMCHREIRTED, 1207
r =y s bIkiEE S B DDA L2 DL B
i\, MEHEDO BT ATRD “FE &2 U o 7 HEMERA”
LRUTHIZX » TH7e b Table 2 &S icu,

Inversion stage in

Phase contrast; d. Optical section of asexual colony showing somatic cells; e.
g. Female colony with young zygotes; h.

Mature

2. Astrephomenaceae (7 X bL 7 4 A F%FEH

AEHEL Pocock (1953) 731 J& 1 ff Astrephomene
gubernaculifera i35 & ZCB L LI2LDTH
o RFUIHERREE CU A RROBEEZ L DL
ZHHs (Fig. 1g) Volvox B & UT W2 2%, BEATZRUR
W lER Uic\s & 2 AW ELic b, A, gubernaculifera
Pocock oA P4y STEIN(1958a), BRroOKsS (1966)
DA T CRAIICBISE L TV 20 B0l 2 A
offi A. perforata Nozaxi (1983b) 723 HA X b #H
SREWES T D, WL RO AMEEMEZ T,
AN Pandorina Bl L [Al—ToH 5,

~T e Yy i G 2RO iy BET 5 E
colony clumping 72332 b, Bk RERMEL T D %
FHERMRIEH X DRI T, ERROBEDO%ER 2 #iER
DEMEF & 7. BLHT1E gamete clumping % L7c
D6, 0RO 2 [\ AR LA G S TG
AT 5. PG TRUERCE, 1 EoSE 2 iER
D = — v fifaES FOREL D ilERT S, = — v lilg
EW A WL, EohTE - YR BR
Bo
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A AT S TN D, T & D M TR AR L

3. Spondylomoraceae (XKL F 4 OFEJLLEH
P i (Fig. %), 4 MiEOEMEG T Lch. TOHE LT

ARHLRLE O 2 B L dstse b, HITH o filan R S, FNFERO i o EEx 7L (Nozakl
PHE T & ERRSES Lichifdi b 1986¢c) (Fig. 9f-i), LiE®H kLT3 50,
ZEwREEE LT D, 3 D0|R Pascherina, Pyro- F IR de o B IIE T Do UL IR
botrys, Spondylomorum 73575, HEERFEN ¢ & WLER, T H A (Fig. 9), 7ok, P. casinoensis
R, FOAYEERD B A Teouk Pyrobotrys 12T (PL\\I AIR) SiLva OS2 Hillao 4 #iER
BHHo KF@iLies & LT Uva, Chlamydobotrys 55 fhpel LT il ik & hutz Chlorobrachis gracillima
BHoHH, Siva (1972) ks Hify L Pyrobotrys 7% KORSHIKOV & [Al—D 4 DTHDH Z EMNMER I T
ﬁ'l"fJ“C‘ HBHELTWS, Pyrobotrys (X ev A FDIg % (STREHLOW 1929, BenLau 1935, Nozaxi 1986¢),
WERSE D MEERI O ALY, 4, 8 FXI6MEHA LT
WA BEfAA & o (Figs. 1h, 9a), 4% THHhT P s
GRS XCRBIE R, kex ) oy 2 Th

(STrREHLOW 1929, BEnrav 1935, Nozaki 1986¢) VLA 152 4 & IR R A T L P2 & D stk

Pyrobotrys 1AM ERIHRC e B &, BEAD BHEK LizbDr#Ezbhb, T, Zhb 3FDFUAMY
M & s < s o e 24 L (Fig. 9b), 4, fe R A T H L TR S,

8 F721k16 (F hic32) (oMM & e b, Hlliuik 3RO T SE /e Spondylomoraceae D
2 KD Tx ’l-' U, Blofiase X o UM T & 7 Pyrobotrys Thb, Lo 2Fo Ok, TREIICIL
Bo BEo THUEFIRAE MG X D 2vie D /h &, il NN & R — DU E AL O ¥ FHERIILE & D

2o [ Zﬁ*{l“ix_‘!.i, FIC b ivte e Bk Bk T ES T L 7eh  (Fig. 2b, 4da), —Jj, Pyro-
(mating structure) 1:f%s X ey (Nozaki 1986¢) botrys OFEMETIL MR ML AL TTE
(Fig. 9c-d)o pk&Hizz 2 (@ B PR ICHI TR HINE WD THDH (Fig. 9b-d), B2V NS

Fig. 9. Pyrobotrys casinoensis (PLaviair) Siva. Each scale bar: 10 pm. c-i. Phase contrast. a.
16-celled vegetative colony; b. Gametogenesis; c-d. Biflagellate gametes; e. Initial stage of gametic
union; f. Young planozygote; g. ;Relatively mature?planozygote; h. Lateral view of mature plano-
zygote; i. Bottom view of mature planozygote; j. Mature aplanozygotes.
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b, ROWMROFHELX - b B, PENFORKE
NELVOLEROBMETHD, Fih, Pyrobotrys
DEBF LD 2 Btk EROEAKETH B A
ZHEELCLVCELREATHD, - T, ERKEE
LRV HE AL OLV I L THMN ShTV3
Spondylomoraceae (X fili D 2 ft & 13 RAANTH e b B
MLTwaHEEPIhS, LirL, Pyrobotrys o
B ERX RO MRS Chlamydomcras B
DHDH HVER LT IHEIERFRIZK->TVDH &
(Hoops and FLoyp 1982b) ##x % &, #HI4:HIL(l
D 2 Bt & [AkE Chlamydomonas ¥ED LD THAH 5,
Astrephomenaceae o 74 ¥ /I #i 1% BB FI,

gamete clumping & pE{rekiic BAL Tt Gonium
pectorale, Pandorina, Volvulina L [@{l—Thb, ¥
1z, Astrephomene D BB A &% & Pandorina,
Volvulina L A—DFWEF & 1cH, LnL Astre-
phomene 3. Volvocaceae @ Pandorina, Volvulina
& BEATREERN A Rcd (Pocock 1953,
Nozaki 1983b), *7:, BEHEEHT 2 KRIREED
HEic s\ T Astrephomene (Pocock 1953, Hooprs
and FLoyp 1982a, Nozaki 1983b) (¥ Pandorina
(FuLtox 1978, Nozaki 1980 1981) & Volvulina
(Nozaki 1982a, BFlg « 5T « hnly A FF) & THHA -
BEANC L RicH, Astrephomene DRHAILIEIGD 8
qaBa iz 2 difast 4 S s (Pocock 1953, No-
zAKI 1983b) & ERINFEHE A 4 D Hilay Wi A

20 pm

(Pocock 1953, Hoors and FLoyp 1982a, Nozaki
1983b) i Gonium pectorale (ffirt 1978, GREUEL
and FLovD 1985) & [(—CTHh%B, G- CREHERIT
BB DD, Astrephomene |3 Gonium pectorale
LI b DERB IS,

Volvocaceae D RIBIEL A F#15 % 3%+ T, Gonium
sociale [ YRETHD, HOHFRIMC, 4O =~
v AIREANE SIS TRk ¥ A 5 (Fig. 3h) b AR Ot
DFETITA LR, ¥, HEABER Mo REER
TEAETH LD LR RIS, G. sociale 118
G BEBTO AT EROEAHELXDD
(Figs. 3c, 10a), —J, G. pectorole, Pandorina,
Volvulina, I ¥ic Astrephomenaceae @ Astre-
phomene (2 ichE{r ok %k b (Figs. 2e, 4b, 10b),
WD G0 6 BT HBT 5, cnZenb,
Nozak1 (1986a) i3 G. sociale »Z#i% “unilateral
mating papilla”, fioE D H D% “bilateral mating
papilla” & # {113 7o, HAllakD 2 HERBHTHD
Chlamydomonas DYNIIMEIC X » TZ OljFDOES
Wb YT 270 b OV EBENBEI TV %,
C. reinhardtii Danc. OB #H, #ET5 2 AOERE
FOWFHFnEIR O &% & B (FRIEDMANN et al.
1968, TRIEMER and Browx 1975b, CAVALIER-
SmiTi 1975, Goopexouct and WEiss 1975), uni-
lateral mating papilla iy TH 5, —7F, C. moewusii
GERLOFF (ZIXMZ B0 AR H » (BROWN

Fig. 10. Diagrams of conjugating gametes in two species of Gonium (NozAKI 1986a). a. G. sociale
(DusARDIN) WARMING. Arrow indicates unilateral mating papilla; b. G. pectorale MULLER. Arrow

indicates bilateral mating papilla.
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et al. 1968, TrRiEMER and Brown 1975a), bilateral
mating papilla fyTH 5, # -~ T, Gonium sociale
13, Chlamydomonas reinhardtii $:0D 3 DHFEAIEL,
—Jj, fli> bilateral mating papilla % $2%< D
Volvocaceae DL Astrephomene (3. Chlamydom-

Nozaki, H.

onas moewusii ¥ED % DA PAL LI T EAHE S
hb B, ZOUDRGBEYRMAT B OTHE « HF
X AWesnEEhb, fds, Pandorina morum k
Volvulina (345t « EHAEMOLBR, WD
SRR D FeFH R E S A —TH b (FuLToN

Oogamy VOLVOCACEAE
Volvox

i

Anisogamy
Pleodorina
somatic cells
Eudorina Platydorina
intercalation
sperm packets
Isogamy
ASTREPHOMENACEAE Pandorina
i unicocca
Astrephomene Pandorina
%* morum Volvulina
I ‘—lenticular cellsJ
spheroidal colonies ! Gonium
i pectorale inversion
H f spheroidal colonies
SPONDYLOMORACEAE I
8-celled stage:% 8-celled stage:%
Pyrobotrys i
Gonium sociale

small gametes without
mating papillae

bilateral mati

ng papillae

unilateral mating papillae

Chlamydomonas-type

ancestor

ﬂcconfluent gelatinous envelgpe (see Nozaki 1981).

Fig. 11. Schematic representation of putatiye phylogenetic relationships among the three families of

the colonijal Volvocales,
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1978, Nozaxi 1980 1982a, g « &I - i k),
DIL VRO L Bbhs,

Eudorina 3 bilateral mating papilla % 3} -
Pandorina unicocca LBV L BHAD SRR AR
DEXHEENFA L THD (Nozaxi 1981), R#Eic
(X Pandoring o & DB LI Z LRI R
5%, $-TC, Eudorina elegans DOHEFMBET DU
EER G o MBERORE (Fig. 5) 11
Pandorina o bilateral mating papilla & AR 7 BY
Richh, RAURBTOMERMA?REO B D RN
EBFOIG» DEtATS 2 L (Fig. 6) »bd%h
BRAGLh5, 8, FABOHEEREBTOEL#E
2% Eudorina illinoisensis CRERE T hT W5 (F
& 1986) o

Volvox |gorhd Euvolvox #i0 V. rousseletii
WEesT & Merrillosphaera #iD V. carteri STEIN
D 2EOEFIC X HHEIEELLZh, WEORML
T BRROEELMEEI D Ric b, THIRE
BTN RBECH D, Rivd B ROHER
b Al 2 LI AT EE A REhTw%  (Hoops
1984), L L Volvox i3 EETRIEED 8 difaiio M
fari+FECRFIL, MRSIBOBRRETD LS C
Ll BHATARCEFREVIOBETHES LREG
Ko bhd e 3E LIcHE % $ o (SmiTh 1950,
BoLp and WyNNE 1978), #¢- T, Hooprs (1984) o
RS HEIhird Wb tBbhs, Volvox o
DFEMRFER & FUHEMOME RBEBTH#4
4% Eudorina, Pleodorina, Platydorina } 3t 1L
Tk, EEL Volvox 13 Pleodorina #0D 4 DHE
XKLL, FRRCIRZRA~ELHELEL, S LId DL
EX B, W, FHEEKEIZRED Pyrobotrys (Hoops
and Froyp 1982b), Astrephomene (Hoops and
FLoyp 1983), Volvox (Hoops 1984),
pectorale (GREUEL and FLoyp 1985), Platydorina
(TAYLOR et al. 1985) DHFEHKIMOHAEEOTFE
DREACTRbhTW5, ThbOWETIE, B0
R MR T OBRER & LToMH S hicdiE:EH)
LishEET, WEEROBAEEEH Chlamydomonas
HOLONhbEALEFELTVWDEWS T EXHEHLM
LT3, Ibic, HWEEROBMEE S RET
FEBERL TS, L, BT E bln- THEL
LCEIRIT T » 1ol 7500 5 O Rt & HEBI 3 2 DI 3
i Volvox o 2 fE DB %e (Hoops 1984) Dific w3 3
HHOTRIcWhEBbh3, ThbOWFEH,LHEN
Xhd55%Z &y, BEeEKEFEY Chlamydomonas

Gonium

BN LR b, MELTO M-SR L >
EEOBBETIEMLLT WHETHS, Eu5 L
ThHH5LBbh3,
BUERMEZOMOMAEEE 2 T, BRI
&3 PHC DLW TEE MBS THERI L T\ 5 R 5
%z Fig. 11 i ¥ L »Thtc,

| £33

FAD KFRER D HETEE A LT 5 A0
B3 3% B & EEBERFO MEFE RS Hil L
LT, ¥, BABEREYLTCTFE - BALAED
LA SR & SRR FEO T REE e b RSB L
Vo fax LB LTT & » B SR SRy
BEOH 2~ RHOELE LI,
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