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On the Life History of Eight Species of Cladophora
(Chlorophyta, Cladophoraceae)

Masaki KosHIZAKA*

Abstract

(1) The present paper deals with the seasonal growth, the formation and
liberation of swarmers and aspects of the cytology as regards the life history of
eight marine species of Cladophora around Hakodate, Japan: Cl. albida (Huds.)
Kiitz., Cl. arenaria Sakai, Cl. opaca Sakai, Cl. rudolphiana (C. Ag.) Harv. f.
rudolphiana, Cl. rupestris (L.) Kiitz. f. submarina Foslie, Cl. sakaii Abbott, Cl.
speciosa Sakai and Cl. stimpsonii Harv.

(2) All species examined grow from the spray zone to the lower part of the
intertidal zone, but each species has its own characteristic habitat. The species
which appear in the upper part of the intertidal zome are Cl. rudolphiana f.
rudolphiana, Cl. arenaria, Cl. rupesiris f. submarina, Cl. opaca and Ol. stimpsonit,
but the habitats of the first three species are much influenced by fresh waters
such as rivers and rainfalls. The remaining four species are observed throughout
the year in the middle to the lower parts of the intertidal zone and sometimes in
the upper sublittoral zone.

(3) The occurrence of a sporophyte and a gametophyte of each species is
different periodically. The season of maturation differs among the species,
and also depends on habitat even in the same species. Generally speaking in
species examined, asexual reproduction occurs in spring and sexual reproduction
in the spring to summer.

(4) Two sorts of swarmers were observed, one a quadriflagellate zoospore and
the other a biflagellate gamete. Both are pear-shaped. Sexual reproduction is
dioecious and isogamous, but parthenogenesis may occur in Cl. rudolphiana f.
rudolphiana and Cl. speciosa because the haploid phase is found among the diploid
germlings developing from zygotes.

(5) Chromosome numbers in vegetative cells are 24 in sporophytes and in
germlings resulting from zygote and 12 in a gametophytes and germlings resulting
from zoospores. Meiosis was observed only within zoosporangia preceding the
formation of zoospores.

(6) The life history of the eight species examined is concluded to consist
of an alternation of diploid sporophytes and morphologically similar haploid
gametophytes on the basis of the field observations and cytological studies.

* JEMEEASEK B K B R
(Laboratory of Marine Botany, Faculty of Fisheries, Hokkaido University)
BEEFT:  ALEEHRERESEN
(Present address: Hokkaido Obihiro Sanjo High School, Nishi 23-jo, Minami 2-chome,
Obihiro Hokkaido 080-24, Japan)
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Fig. 1. Map showing the site of the localities.
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Table 1. Collecting data of Cladophora used for the presen study.

Species Date Locality
Mar. *70; Jun. & Jul. *72; May &Jul. *73; Apr. .
to Jul. 74; Mar. to Aug. *75; Jan. & Feb. *76 | Anama (Hakodate City)
Cl. albida Jul. ’69; May & Jun. ‘70; Mar. to May & Oct.

to Dec. "72; Mar. to Dec.’ 75; Jan. & Feb. 76

Shinori (Hakodate C.)

Mar. to Aug. *75; Jan. & Feb. 76

Saraki (Kikonai Town)

Cl. arenaria

Jun. & Jul. ’70; May & Jun. *72; Apr. & Jurr
’73; Mar. to Aug. '75; Jan. & Feb. *76

Saraki (Kikonai T.)

May to Sept. 74

Shinori (Hakodate C.)

Cl. opaca

Mar. & May. *71; Jul. *72; May & Jul. *73; May
to Jul ’74; Mar. to Dee. 75; Jan. & Feb. 76

Anama (Hakodate C.)

Apr. & Jul. 69

Oshoro (Otaru C.)

Mar. & Apr. 72

Nanaehama (Hakodate C.)

Jun. 70

Esashi T.

May ’69; Apr., May & Dec. '73; Jan. & May to
Jul. *74; Apr. to Jul. '75

Tachimachi (Hakodate C.)

Mar. to Jul., Nov. & Dec. *75; Jan. & Feb. *76

Saraki (Kikonai T.)

Cl. rudolphiana
f. rudolphiana

Jun. ’73

Matsumae T.

Oct. & Dec. "71; Oct. "72; Jun., Aug. & Oct.
*73; Jun., Jul. & Oct. *74; May to Dec. *75

Nanaehama (Hakodate C.)

Mar. to Deec. *75; Jan. & Feb. '76

Saraki (Kikonai T.)

May & Jun. *72; May to Jul. *73; Apr. to Jun.
& Dec. *74; Mar. to Dec. *75; Jan. & Feb. *76

Shinori (Hakodate C.)

. rupestris
f. submarina

Mar. & Apr. '72; Mar. & Apr. '74; Mar. to
Jul. *75; Jan. & Feb. *76

Tachimachi (Hakodate C.)

May, Aug., Sept. & Dec. *74; Mar. to Jul. 75
Jan. & Feb. 76

Nanaehama (Hakodate C.)

Jun. 73

Matsumae T.

Jul. ’69; Jul. *71; Mar. & Apr. *72

Shinori (Hakodate C.)

May & Jun. 74; Mar. to Aug., Nov. & Dec. ’75

Cl. sakait Jan. & Feb. *76 Tachimachi (Hakodate C.)
Jul. ’73; May to Jul. *74; Jul. ’75 Anama (Hakodate C.)
Mar. to Aug., Nov. & Dec. *75; Jan. & Feb. *76 | Saraki (Kikonai T.)

. Jun. & Jul. ’70; Mar. to May *72; Jul. *73; R .

Cl. speciosa May to Jul. *74; Mar. to Jul. *75 Saraki (Kikonai T.)
Apr. & Sept. *71; Apr. to Jul. ’72; Jan., Feb.
& Jun. "73; Apr. to Jun. ’74; Mar. to Sept., | Shinori (Hakodate C.)
Nov. & Dec. "75; Jan. & Feb. *76

Cl. stimpsonis Apr. to Jun. ’72; May to Sept. '74; May to Saraki (Kikonai T.)

Aug. & Oct. to Dec. '75; Jan. & Feb. '76

Apr. & Jul. '69

Oshoro (Otaru C.)

Jun. ’73

Matsumae T.
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Fig. 2. A depth profile of the intertidal zone through the habitats of eight marine Cladophora
species.
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Sporophyte

Gametophyte KXRXK Sporophyte

Sporophyte

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Fig. 4. Diagrammatic representation of seasonal periodicity of Cladophora albida at three
different localities. (A) Anama, Hakodate, (B) Shinori, Hakodate and (C) Saraki,
Kikonai.

Abbreviations used in figures: Z=zoospore formation; G=gamete formation.

Sporophyte
(n=24)

Nar

Fig. 5. 4 Fig. 6.
Fig. 5. Life cycle of Cladophora arenaria from Saraki, Kikonai.
Fig. 6. Life cycle of Cladophora opaca from Anama, Hakodate.
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Fig. 7. Diagrammatic representation of seasonal periodicity of Cladophora opaca at two
different localities. A: Anama, Hakodate; B; Saraki, Kikonai.
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Fig. 9. Diagrammatic representation of seasonal periodicity of Cladophora rudolphiana f.
rudolphiana at three different localities. A: Nanaehama, Hakodate; B; Shinori,
Hakodate; C: Saraki, Kikonai.
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Fig. 11. Diagrammatic representation of seasonal periodicity of Cladophora rupestris f.
submarina at two different localities. A: Nanaehama, Hakodate; B: Tachimachi,
Hakodate.
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Fig. 12. Fig. 13.

Fig. 12. Life cycle of Cladophora sakaii from Tachimachi, Hakdate.
Fig. 13. Life cycle of Cladophora speciosa from Saraki, Kikonai.
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Fig. 14. Life cycle of Cladophora
stimpsonii from Shinori, Hakodate.
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Fig. 15. Diagrammatic representation of seasonal periodicity of Cladophora stimpsonii
at two different localities. A: Shinori, Hakodate; B: Sarakai, Kikonai.
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Table 2. Data of eytological observations and swarmers

Number of nucleus Diameter of resting | Diameter of nucleolus

in a vegetative cell | nucleus in somatic cells in resting nuclei

Species (pm) (pem) (pm)

Sporophyte G;ﬁ;?' Sporophyte G;ﬁl;t? " |Sporophyte G;}l:l;t?'

Cl. albida 50-70 50-70 3.2 3.2 1.6 L5
Cl. arenaria 50-70 60-80 3.2 2.6-3.2 1.5 1.0-1.2
Cl. opaca 120-130 120-130 3.0 2.6-3.0 1.2-1.6 1.0-1.2
O el | o100 | 100 5.3 52 | Lo0Le2 | 1.0-L3

O rupesirie | go-13 100 5.2 5.2 1.5 15

Cl. sakaii 200-250 200-250 3.0-3.2 3.0-3.2 1.2 1.2
Cl. speciosa 30-40 25-30 4.5-5.5 4.5-5.5 1.8-2.3 1.5-1.8

Cl. stimpsonii 50-60 50 4.5 3.0-3.5 2.0 15

# M BETERoREEIO TNy 2n =24 THEETEROBRCEBEMEF Y, BETOK
iz n=12 2577, LhbOEETFHRFL CHEORBEMER I N IR, EBED IR
Rn=12 ¢725%, BETIEATD IVESTORFEIR 2n = 24 TONTHECR FERICER
TE2DEEALNS, U LEOBMAESEINTRAL Th-THSMIR I N o128, 23 Yo F
FYEIPEL AT OESFOREERDOTT R2EOREEKE ETI D Do, Chid &S
RETHESFELIZED S35 LRI N, BEOERIIEETE b1,

% %®

LAY RO FHERE OO TR ChITCROBEN 2L, BKREITD L X5 3T List?,
Mason!®, Bellis and McLarty??, H33-~, X, EBECRTRD? BF ¥ 35/ 4 THEL T 31T
¥z, BHEMECEFLTOS 8EEOVTIRWTNS LELETH T, F+ 47 yORKEE
£O b OIRFEL 2. BFFRLRBEOHEABMIIZ N FNOBTIIER LB TRELY, FA—&
RN T S HEOREVBFERFCRBRINZ L &MU o1, BEVTASIR TR A7 YRIIEI
S S THETOHBIXD 205, F£2ERIOER, ¥EHV¥D - T3> T2 HERIFHAT 5, #-THE2
E]DEEKE ORHEMZET 2 L EBHL BRI 5, UL, FBBEsdidEic s - TRY, X,
F—ET L ETRFHVRLZ LT SRICEHICERET 2 L3RS S, ORREMPERERE
ETABRELTIE, WKENED LAY 9 Tizd 55 Bellis and McLarty?® » Bellis?? i3k %
BV, X, Masonl® [IFEEEEEC BOD OEVNBVEHCEET 3L & 2HALITL T 3, EEVT~N
12 8FITONT, FHEFOBIN—RCE,LLELPITALN, FYL 475 30BA L INXFAL
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R

in eight species of Cladophora.

EE AN %3 (OF Rl

Size of zoospores Size of gametes . Chromosome | Chromosome
(um) (um) Diameter number in | number in
of zygotes . .
germling of | germling of
Length Breadth Length Breadth (um) Z0oSpores zygotes
(Mean) (Mean) (Mean) (Mean)
4.3-4.8 | 11.5-13.0 | 2.0-3.2 | 7.6-9.0 ; 19 2
4.5) (2.5) (8.5) 8.57.0
6.2-6.8 13.6-15.2 4.3-5.2 11.5-13.5
A 9.0 12 24
(6.5) (14.4) (4.8) (12.6)
4453 | 9.0-102| 3.240 | 6.5-7.0 5 13 o
(4.8) (9.5) (3.5) (6.8) .
5.2-7.0 10.0-12.5 4.0-6.5 8.5-11.0 _ 9 24
(6.5) (11.5) (4.5) (9.5) 1.59.5 .
5.5-6,5 | 11.0-13.5 | 4.2-5,8 | 11.0-12.5 9 12 24
(5.6) 2.8) | @8 | (Ls) -0
8.5-10.5 | 17.0-18,6 | 6.0-7.5 | 8.5-10.0 8.0 18 "
(9.5) (17.5) (6.5) (9.5) :
9.0-10.5 | 13.5-17.6 3.5-5.8 6.8-11.2 8.5 12 o
(9.5) (16.0) (4.8) (9.6) :
4.5-5.8 8.2-11.0 3.2-5.5 8.0-9.6 5 12 2%
(4.8) (9.5) (4.5) (9.0) T
Table 3. Dimension of the swarmers of Cladophora which have
been reported so far.
Zoospore Gamete
Species _
Length (um) | Width (um) | Length (um) | Width (um)
Cl. glaucescens 14.9-22.2 9.2-10.8 — —
Cl. albida var. refracta 13.8 6.4 7.2-10.7 3.1-4.7
Cl. gracilis 17.0 8.7 10.3 5.3
Cl. flexousa 21.5-24.5 10.5-13.5 16.5-17.5 9.0-12.5
Cl. hutchinsiae 13.5-16.5 10.5-12.5 10-11 7-8
Cl. refracta - - 12.5-13.5 8.0-9.5
Cl. wrightiana 13.7-17.3 8.9-11.2 11.2-13.7 6.2-8.8

Td 2 PMEEATHIIR 2 PO E U —RcRSE h 2 ENEL,
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