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ApsTRAOT. — Onemonth-old cells of
Sorastrum I a defined mineral medinm
anlarged slightly and became thick-
walled, yollow-green, and packed with

yellow fat droplets in whichk carotenoid

pigments were dirsclved. These akinetes
sorvived desiecation for at least one
month, When placed In a fresh conlture
medinm, they germinated and produced,
{laughtﬂ colonier as do vegetative (non-
nkinetey colls. Reproduelion “in. Sora-
strum 78 deseribed, and the author ad-
VAnces Aan hypot‘heqls o account for
colony sha.pc

Although reproduction in the eo-
lonial green alga Sorestrum spinu-
losum has Been described by several
workers, their papers give confliet-

ng repoﬂs. De-la-Rue (1873) ob--

served that colony culls separate,
enlarge, but may hecome thick-walled
cysts: Colony cells usually divided
inte twe parts, cach of which be-

came typically shaped cells. 'With

furthir development these cells be-
came eysts. The contents of the eyuts

divided info two fo several eslls

which united to form a colony, The
colony was released when the eyst
wall disappeared or when it hroke
apart: Palik (1936 also observed the
rusfing stages (oysty) of Sorostrum
spinulosisn, These were thick-walled,

vellow cells containing ved oil drop- -

lets. He demongtrated that the rvest-
ing stages were able to survive four
months of desiceation and freczing
temporafures. Probst (1926} stated

_reproduction many times,

that. during reproduction the eell
contents divided into 8-64 multinu-
cleate ‘‘plasmaballen’’ which were
released in a vesicle. Hach of these
divided again and gave rise to Eroups
of 432 blﬂagellate zFoospores which
became separate eolonies. Palik algo
observed sevaral danghter eolonies in
ong, vesiele. Geitler. {19441 reported
that reproduetion: begins with the
suceesgive division:of ‘the chloroplast

and of the multinucleate protoplast
into parts each of which becomes a
The zovspores “were re-

7008 poTe.
leased in a vesicle through a break
in the wall of the mother cell. Zoo-
spores moved slowly for a whils,
stopped, flattened, and formed one
hollow spherical colony. The colony

of zoospores became united at its

center. The vesiclg disappeared, and
each ecll of the young colony devel-

oped four horns toward the outside
and g stipe toward the eenter of the
colony. The stipes of all eclls were

embedded in a sphere of golatin.

I have seen the complete process of
I have
also obtajned cells {akinetes) similar
to the eysts of De-la-Rue, and to
the yallow, thick-walled cells (vesting
stages) of Palik. The present study
deseribes my observations of sopro-
duction, colony formation, and aki-
nete formation and germination.
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small parts. The nucleus of such cells
algo divided so that-each of these small
parts contained ohie nucleus. The gmall
parts geparated and  became rouhnded
zoogpored. Cells coniaining such zoo-
spores were spheriesl and congiderably
larger than celis nol forming zoospores.
After one to three days fthe outer wall
of the mother cell cracked in several
pages and the thick middle wall adja-
eent 1o the cracks disappeared. Then
the outer wall split off, the middle vall
disgppeared completely,. and the zoo-
spoTes were left in a hyaline vesicle,
Betore the onter: wall split off, the
vegicle wag the innermost layer of the
el wall. Ocaasmnally the vesicle was
exirudsd thrqugh a wide erack in the
outer wall, ‘and the oufer wall with its
Rorng aiid “stipe did not - hreak apart.
Usnally 16 or 82 riuspores were in each

vagjcle, . occasioual;v éight. Haeh . zoo-
apore was splierical with two flagella,
and contained . & . parietal chlotoplast

which oceupidgd- the entire contents ex-
cept Tor ‘3. small’ clear portion from

which the Hlagella emerged. Just after

release the. veliclel was the fdame szize
a3 the mothey coll, and the coniined

wnepores began toiwriggle slowly with-

in . The wvesiicls, then expanded slowly
as the zoospores moved laster asud ar-
ranged themselves in a spherical colony
cre ¢ell thiskiand.-in contact with the
vesigle, “Alter moving for 3-5 minutes,
the zoospores #lowed dawn and stopped.
The clear parts of the zoospores with
the fagells pomted toward the center
of the colony.: Each. zooapore produyced
a stipe toward the center of the colony
and four horns toward the mitaide, The
stipes’ were produced by the cleal part
ot the zoompore; the horns grew lrom
the will adjacent to the ehlaroplast.
Btipe and horn formation hegan s few
geconds after the zwoospores stopped mov-

ing and was complefed in three tn five

mwinties. In four and elght-celled col-
oiies the stipes grew together and filled
the ‘center- of- the originally hollow col
ony (Fig. 4). In sixteen and thirty-tivo-
celled colonies, and in some mght collad
colonies, the - base of {he " stipes. broad-
ened slightlvy intp Aigks paralle! to the
colony gurface (as in Fr. 5). The disks
of neighborifig zoospores grew together
and tused.: -Just alter fusion each-disk

wWas hewcagaral ~The. hases ol the stipes

thus  tormeé & hollow central sphere
pounded by the hexagonal disks. Wx-
cept in aberrant colonies, the vesicle
oxpanded so that the young  colony
floated free within it. These events
{protoplast cleavage through vesicle ex-

a2t

pansion} occurred within one day. The
vegicle disappeared after one or two
more days, and the young colony reached
full size’ (3540, dia} In ten 1o il
days. Cells ol tmvdav old colonios;
tained & large -central vaguole: uomplete-
ly surrocnded hy a parietal chloroplast, )
one nucléus, and a singleipyrenoid.

Neither the. nueleus nor the mrm‘ aid

ocepied a fixed location.

Each eell - “had fwo . pairs of - hmm
Often sach mature cell contained one or
two  solid, cléar, lenticular hodies
(approx. 6X8g4) at the bhases of {he pairs
of horns (Fw. 1}. Fregquently the body
under one pair:of horns of a cell was
congiderably larger than that onder the
other pair. After the r@lease i the vesi-
cle these Dhodieg ususily eramed at-
tached to the outer surface of the vesi-
ele, or thoy remained.in place attached
o the 1emnan}s of the mother cell
An  agueous -selution of anili blue
staified these bodies blus, thus indicat-
ing they were of] (allase (fohamnsen, 1840,
p. 185).

Bome ten- day—old cells ahd. all older
cells developed a thick middle wall be-
tween the vesiclé and the omifer cell wall,
The pectin stain ruthenium-red (Bloyer,
Anderson & Swanson, 1955, pp 165-166)
colored the thick middle waua red; the-
cellulose siain olilaromdlde of kine (Sasn;
1958, p 9D volnred them blye. An ague-
ous methylene ; blus wolution (recem-
mended by Bold 1957, p 630, for algal

ghesth ataimng} (,ulored them blue, and

gtained tlie mryer layers most deeply.
This stain fallell to reveal.any gelatin
in the center 01, the colony

There wore 5 Jew aberrant colonies
on almost every slide prepared for oh-
gervation. Thede colemies always oc-
curred in.a-constricted space: either the
vesiclp fajled 1o expand, ov. it falled to
be released and thus the colony formod:
Withi‘n the mother cell.  Zoogpores form-
ing these ahprrzmt colonies did not move.
Zogspores of sueh colonies usually.
formed fewer Lhan four borns, and gen-
erally not .all of the horns projected

Ctow ard the oulside of lhe spherical col-

ony. Thesa’ ZO0SDOTES; howevet, did pro-'
duce stipes,

_Multiple colonies were observed with:
in a vesicle on three different ocrasions.
wo 16-celled c¢olonies in one wvesicle .
werce obzerved iwice, Ancther- vesicle
contained 4 colgnies: iwo B.celled and
two 16-celled., All thege colonies and
their éells- were typieally shaped. .
- Akinete formotion-—Algae in the flagks™
tormed akinetes, After inoculation and
reproduaetion; these algae grew to full
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size in about ten days. Very little re-

production occurred thereafter: During

the next 20 days each c¢ell gradnally
deposited a thick middle wall of several
layers., In addition, a clear, solid, len-
ticular body Tormed between the middle
wall and the inner wall on each ride
of the ¢ell at the hases of the pairs of
horns, )

Ag the thick middle wall was depos- .

ited, the cells became almost sphevical
and somewhaf larger than ordinary
cells. At the end of the third week in
the culture medinm, many small yellow

droplets appeared in the cells. In one

more week these Decame larger and
coaleseed fo form 2 or 8 large droplets
(. 2). After the cells had developed
their thick middle wally, a slight pres-
gare on the coverslip would separate
the celly of a colony, By the end of the
fourth week the maszg of colonies wag
yellow-green, KExcept for c¢olov, the in-
dividual colonies locked like ordinary
vepetative colonies (Fi¢. &). The sulture
solution was decanted at the end of the
fourth week and the cclonies, now akin-
etes, were allowed to dry completely.
When dry, they were a hright orange.
Dry coloniez and eells shrank slightly,
but otherwise did not change their
shape. Most of the cells contained ohe
nuclens;
nuclei, | )

After several months in the ecalture
solution, the akineted became orange
and enlarged slightly. Some of the akin-
etes enlarged markedly to bhecome al-
mozt twice the diameter of vegelative
cells, '

The akinetes reacted to atainsg like
vegelative cells.

carotenoid pigments, for when concen-
trated ¥:80. was dropped on akinetes
the orange droplets became light blue.
After removal of the acid and treatment
with Sudan TV, the droplets hecame rod,
thus demonsgtrating that they were of
fat. Evidente of the presence of carc-
tennid pigmenis iz given by the change
of ¢olor from orange to light blue with
the treatment of sulfuric acid .(Johan-
zen, 1940, p 201). This iy further sup-
ported by using cothyl ether (o obiain
a yellow extract from the akinetes,
which extract, when placed in a DU
apeclroplictemeter gave an absorption
curve displaying in the visilde spectium
a gingle maximun at 470 myu. :

Alinete germinagtion — A small quan-
tity of ‘akinetes which bad been dry
for one month war placed.in fresh Medi-
am ¢, Thesge akineteg becamse gresn in

g few contained 2 or more,

The orange droplets
within the akinetes were fat colored by -

one day, and in two Lo three more days

they produeced daughter celonies in the
paile manner as vegetative cells., Col-

onies formed trom akinetes, however,

often contained large, fat-filled cells

(Fre. 2). Ag an akinete fprmed =zoo-

speres, its fat droplets were incorpor-

ated into vne to several zoospores. Zoo-
sporeg containing fai droplets were

larger and moved more slowly than thoge |
tormed {rom zoospores without dropleis.

Most cells containing droplets tailed to

form all four horns;, some formed no

horns at all,

D[&CUSSI oxN.

Although Probst (1926) observed
that Sorastrum in solutions whose
mineral eoncentration was over 0.3%
produeed thick-walled cells, he re-
ported that such cells would degen-
erate tuless soon transferred to.a
snitable medium, Thus hs may have
obhserved: akinetes without recogmiz-
ing them as such,

Akinetes and old vepetative cells
have three distinet walls: the inner-
most wall which becomes the vesicle;
the thick middle wull which has a
lamellar eonstruetion; and the out-
side wall, parts of which form the
horng and stipes. Probst, (1926)
using .congo red stain, deduced that
the outside wall of the mother eell
and the stipes. were celluloge. Heo
assumed that the middle wall con-
tained pectin since congo red. did
not stain it. In my work, the thick
middie wall of akinetes and the thick
middle wall of vegetative eells re-
acted 1o the strains for cellulose, pee-
tin, and gelatin (methylene blue).
Sineeg the mwiddle wall guickly dis-
golved after the outer wall broke
away, it iz not cellulose, but more
likely & combination of pectin and
melatin, as both of these are water
goluble, West (1916, p. 127} stated
that the gelatinons substances of
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. alzal eell walls stain with both meth-

erne blue and ruthenium red.
Those zoospores produced from

. akinetes and containing fat droplets
i often failed to produee all four

horns.
and less active than the other zoo:

Bueh zoospores wers larger

spores in the same vesicle. If we

v aceept. with Geitler (1924) that all
¢ eellg are polar, then the horn form.
- ing parts of such slow moving zoo-

; apores might beeome disposed
- against another cell and thus unable
» to form all four horms, A similar
- phenomenon oconrred in Pediastram
. (Davis, 1962).

Although Probst (1926) and Palik

i-mention mmultiple eolonies in one
~ vesicle, suek colonies were not men-

[ tioned in Geitler’s report nor did

. 1 observe more than three vesicleg
. eontaining multiple eolonies.
" dif] not observe the central sphere of
- gelatin mentioned by Geitler (1924).

I algo

However, my obzervations of repro-

 duetioh agree essentially with those

of Geitler (1924) and Probst (1916).
It is possible that all colenies ob-
served by Probst (1926) and De-la-
Tinte were similar to the aberrant enes
described in this study. Ohserva-
tiong of colonies eonfined within the
mother cell may account for De-la-
Rue’s failure to observe zoospores.
The *‘plasmaballen’’ mentioned by
T*robst could have been woospores in
non-expanding vesicles each of which
later developed into a colony.
Generally, large colonles were hol-
low while small colonies had solid
eenters. This is to be expected as
zoospores of four and eight-eclled
colonies are close enough for their
S‘ripvs to join at the center. This
anion probably cccureed before the
stipes rm,<=hed full Iength and thos
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_inhibited the formation of the digks

observed in the 16 and 32-eelled col-
onies. -In these larger colonies, the
stipes of the single layered colomy
were too short te join al the center
of the zolony. In sueh colonies, the
stipes grew to full length and devel-
oped disks which joined and became
hexagonally shapéd from mutual
pressure.  Sorasirum  amcericanym
also produces a similar hollow ven-
tral sphere made off the hexagonal
bases- of the stipes (I'ritsch, 1935,
p. 170, 49B after Schrdder),

Probst (1916, 1928}, Palik (1936),
and the present anthor have obgerved.
two flagella on each zoospore. All
three authors have noted that the
tlagellar end of the zoospores turned
toward the center durivg colony
formation while the opposite end
formed the horns. Probst {1926)
snd the present author further agree
that the flagella oceurrsd st a clear
portion of the zoospore wall and
that this clear porfion product,‘cl the
stipes.

Davis (19‘64) and Moner. (1953)
have observed thatl the colonies of
Pediastrum are formed in a lens-
shaped vesicle and are fat. Ag i
well known, the eolonies of Sora-
strum are formed im a spherical
vesicle and are spherical. Pocock
{1960} hoves that when Hydrodictyon
reliculatum reproduces asexually,
the naw colonies form in the narrow
eylindrical space between the ouier
wall and the vacuolar membrane
and are eylindrical. l3onner (1963,
pp. 156-159} argues that the shape
of such asexually produnced colonies
of H. reticulatum is determined by
the shape of the mather ¢ell, and his
argament may be applied with only
minor changes to Pedigstrum and
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Sorastrym. Thus the colony shape
for these genera of the Hydrodictya-
ceae would seem to be determined by
the shape of the mother cell or the
vesicle at the time the colony im
forming.
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