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ABSTRACT

Life history studies were conducted on Urospora and
Codiolum from a number of localities in the Strait of
Georgia and Juan de Fuca Strait.

Urospora wormskioldii (Mertens) Rosenvinge (n = 12)
is a dioecious species having a heteromorphic life
history with filament, dwarf and Codiolum stages.
Asexual reproduction is by means of acuminate quadri-
flagellate zoospores. The Codiolum stage is produced
from zygotes, female and probably male gametes. The
range in variability of morphological features of the
vegetative filament is very great and encompasses all
species now recognized from the Pacific Coast of North
America. Because of this variability, the taxonomy of
Urospora should be based on life history features as
well as morphological ones. Matings were successfully
made involving plants from six widelv-separate locali~
ties. Sexuality occurred in cultures at 10°C, through
several serial subcultures in the female but only in the
first culture in the male. A method employing a long -
thermoperiod was successful in inducing sexuality in
several vegetative clones of Urospora but failed in
others. Temperature, filament size and nutrition appear
to be factors involved in the sexual response. Fertility
of cultural Codiolum was low and attempts to increase
it met with only partial success.

Urospora vancouveriana (Tilden) Setchell and Gardner
(n = 9) is an asexual species, producing a filamentous
and dwarf stage via quadriflagellate zoospores at low
temperatures and a Codiolum stage via biflagellate zoo-
spores at high temperatures. CGCultural filaments are
indistinguishable from those of U. wormskioldii.

Urospora speciosa (Carm.) Leblond ex Hamel (n = ?)
is recorded for the first time in North America and was
discovered to be uninucleate, It contains a filamentous
and dwarf stage which reproduce via quadriflagellate
zoospores. Other features of its life history are un~
known.

Codiolum gregarium A. Braun and C. pusillum (Lyngbye)
Kjellman, in the areas studied, are considered to be
merely form variants belonging to the -life history of
Urospora wormskioldii. Fertility in natural Codiolum
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was inhibited by short daily warm thermoperiods and
induced by cold treatment. Nuclear division was
studied but meiosis was not demonstrated.

Codiolum petrocelidis Kuckuck, found as an endophyte
in Petrocelis is inferred to belong to the life history
of Spongomorpha coalita (Ruprecht) Collins in the areas
investigated. It i1s considered to be unicellular, uni-
nucleate and capable of reversing its direction of
growth. The direction of growth is suggested to be
governed by light intensity.

Cytochemical studies were done on the walls of Urospora,
Spongomorpha and their Codiolum stages. The inner walls
of Urospora and Spongomorpha are composed of cellulose
and pectic materials, while those of the Codiolum types
are entirely pectic. The pectic component appears to
differ .from that of higher plants. Urospora., Spongomorpha
and their Codiolum stages bhave an outer sheath of unknown
composition. Three types of sheaths are represented, of
which those of the two Codiolum types are the same. To
be of full taxonomic value, future wall studies should in-
clude all stages where algae with heteromorphic life
histories are concerned. :

Spongomorpha coalita was discovered to have operculate
gametangia. This species should therefofre be transferred
to the genus Acrosipbonia. The implications of this
transfer and the recognition of a unicellular condition
for Codiolum petrocelidis are discussed in relation to
life history and taxonomic problems existing in the
Acrosiphonia~Spongomorpha complex.
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ABSTRACT

Life history studies,xemphasizing cultural and cytological ap;

pfoaches, were conducted on Urospora and Codiolum from a number of local-
ities in the Strait of Georgla and Juan de Fuca Strait.

Urospora wormskioldii (Mertens) Rosenvinge (n = 12) is a dioe-

_clous species,having 8 heteromprphic life cycle with a filamentous, dwarf
and Codiolum stage._ ThelCodiolum stage is produced by syngamy of anisoj
‘ gametes or by parthenogenefic development of female and probably male
‘ gametes.. All three stages produce asexual quadriflagéllate zoospores
which deveiop into filament or dwarf'planta. The ranée in variability of
'imorphological features of'the vegetative fiiament is very great and en- ,'--
compassés all spécies recorded from thébPécific Coast of Norﬁh America,
- Crosges involving plants from six widely,sepgrate lchlities showed no
incompatability.a§ the mating level. . Sexuality occurred spontqneously

at 10°C in cultures of both seﬁes through several serlal subculturgs in
the female b@taonly in the first culture in the male, Temperature changes,
filament size and nutrition‘appear to be factofs involved in-the sexual
reséonse. Several vegetative clones,‘inclﬁding a two-year-old isqléte
from Cape Cod, were sexually inducéd by a method invélviﬁg a long fhermo-
period. However, the same method failed on bther;clones.~_Growth of
ACodiélum in culture was poor and itvis'suggested that daily exposure

may be a requirement for normal growth; The fertility of zygotic and
parthenogenetic Codidlum was low in cultures gioﬁn under constant teﬁperq
.ature conditibns; -Attempts to induce fertility by cold treatments met

_with success in some isolates but not in others.

Urospora vancouveriana (Tilden) Setchell and Gardner (n = 9) is’



ii
‘an asexual species, produqing,filamentous and dwarf stages via quadriflag-
ellate zdospores at low temperatures‘and a Codlolum stage via biflagellate,f
zoospores at high temperatures. Cultural filaments are indistinguishable

from U. wormskioldii.

Urospora speciosa (Carm.)Leblond ex Hamel (n=17) is recorded

for the first time in North America and was discovered to be uninucleate.
It contains filamentous and dwarf stages'which reproduce via quadriflag-
ellate zoospores. Other features of its life history are unknown.

Codiolum gregarium A. Brauh'and C. pusillum (Lyngbye) Kjellman,

in the areas studled are considered to be merely form variants belonging

to the llfe history of Urospora wormskioldii. The living nucleua and its

staining characteristics are described.< Nuclear divisions were followed
but meiosis was not demonstrated.' Fertility in both types was’induced by -

cold and inhibited by short daily thermoperiods.

Codiolum petrocelidis Kuckuck, found as an endophyte in Petro-

celis franciscana Setchell and Gardner is a unicéllular,‘uninucleate plant

‘producing ovate quadriflagellate zoospores which give rise to branching
, :
filaments., C. petrocelidis, as found in the areas studied, is inferred

“to belong to the life history of Spongomorpha coalita (Ruprecht) Collins.

" The Codiolum cell is capable of reversing its direction of growth and this -
reversal 1s suggested to be governed by light intensity. It is also pro-
posed that the mode of stipe growth rules out a multicellular condition. :

Operculation was discovered in 5. coalita.

Cytochemical studies were done on the walls of Urospora, Spon-
gémorpha and their Codiolum stages. ‘The inner walls of Urospora'and

Spongomorpha are cdmposed of cellulose and pectic materials,-while‘those




! DR ST

‘of the Codiolum types are entireiy pectic.: The'pectic'camponent appears

different from that of higher,plants; Urospora, §pongoﬁorpha and thelir
Codiolum stageslhave an outer sheath'of unknown compositibn'which is .
singly refractife, givesia negative test for cellulose; chitin, pectin and .
fat. Three types of sheathé qre,;épfesented; of which those of the two '
‘Codiolum types are the same,

| Several taxonomic implications resulf from thése studies; To be
meaningful, identification of Urbspbra species should be béseﬁ pﬁ.more |
than Just pufely vegetative features. To be of taxonomic value wall .
studies should include ﬁll stages whéré.algae'with heteromorphic life
histories are conéerhed.- Because of its operculate ¢onditidn, Spongo-

morpha coalita'shéuld be transferred to the'genus Acfosiphonia. This

transfer would provide further evidence for the occurrence of a heter-

omorphic life history in Acrosiphonia. It would also re-establish Wille's
basis for recognition of thevtwo genera 6n nuclear condition; "Acceptance

of a unicellular condition for Codiolum petrocelidis, and. a heteromorphic4

‘1ife history for Acrosiphonié would re-establish the basis for Jébgson's

new family, the Acrosiphoniaciae and at the same time remove the main

 barriers to the inclusion of the Acrosiphonia-Spongomorpha complex in the

" Ulotrichales (sensu Kornmann).. i ;?[.
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Life History studies on Urospora and Codiolum

"from southern British Columbia

Introduction

The éenus Urospora, of the Ciadophorales, waafestaniished by
Areschoug in 1866. It comprises individuals which are filamentous, un-
branched, heving a rhizoidal holdfast formed by several basal cells.. The
vegetative cell has a netlike parietai chromatophorevcontaining man&
pyrenoids many nnclei and a iarge central #acuoie. Asexual reproduction :
is by means of quadrlflagellate posteriorly pointed zoospores and sexual
reproduction by means of biflagellate iso- or heterogametee. About fif-
teen species are described inhabiting the.cooier waters of the northemn
hemisphere. Setchell and éafdner (1920)1recognized'seven species.from

the west coast of North America of which six are recorded from British
Columbia and northern Washington (Scagel 1957)

The genus Codlolum, formerly contained in the Chlorococcales,
was established by A. Braun (1855). It is oomprlsed of smell unicellular
_plants, both. free-liv1ng and endophytic. The cell has a basal stalk, a
parletal chromatophore with several to many pyrenoids, and one nucleus.

Reproduction is by meanS‘of quadriflagellate zoospores, About nine

énecieS'ere described, of which all are marine except Codiolum lacustre
Printz, which is freshwater. The three species described from thé west
.coast of.North AMmerica (Setchell and Gardner 1920) are also recorded
 from Br1tish Columbia and northern Washington (Scagel 1957). '

In 1933 Jorde brought these two genera together in her report

that Codiolum gregarium A. Braun (a free living form) belongs to the life

history of Urospora mlrabilis Areschoug and thereby demonstrated the




occurrence of a heteromorphic’ 1life history in the green algaé for thé first -
time. Though Jorde'é resulfs femaih;unCOnfinnei'in relation to the life

: cyclé of H. mirabilis, a similar Codiolumvstage has been reported in othef
species of Urospora (quhmann, 1961:b, c) and in other generafﬁ Ulothrix |

(Kornmann, 1963, 19645) Spongomorpha (Hollenberg, 1957, 1958; Fan 1957,

1959; .Jénsson '1959b, 1962 and Kornmann l961a) Acrosiphonia (JSnsson 1957,

1958 1959a, 1962, 1963, l96ha, b) Monostroma and Gomontia (for pertinent.'
llterature see Kornmann, 1962, 1963, 1964b), and Cladophora (Archer and
Burrows, 1960; Van de Hoek, 1964). However, these reports are not~with-

out conflict. According to Kbrnﬁapn (l962), Acrosiphonisa lacks a Codiolum

stage and has an isomorphic life histéry,whereas Jénsson claims the

opposite. Kornmann (1961a) bvelieves C. petrocelidis Kuckuck and Chloro- .

chytrum inclusum KJellman to be merely endophytic modified forms of the

zygote of S. 522253, while Jéhsson claims the former belongs to the life
history A. spinescéns (= é'VEEEEE’ Kornmann l§62)vand fhe.latter‘to §.‘
lanosa. Most iﬁvesfigatofs e.g. Kuckuck (1894), Zimmerﬁan (1925);7Printz
(1926), Hollenberg (1958), Fan (1959) Jonsson (1958, 1962) considered C..

Egtrocelldls to be unlcellular, while Kornmann (l96la) suggests it is

multicellular; Van de Hoek (l96h) regards the Codiolum-like cells in
Cladophora as growth-éuﬁpressed germlings fésulting from nutrienﬁ deple-
tion. | | -
As a result of fhe recent findings mentioned above,attempts'at
taxonomic revisions have 5een made.  Den Hartog (1959) proposed the4néw
family Codiolaceae to include Uroépora Spééies. 'ﬁowever, with the dis- -
covef& of other Codiolum-containing generé the basis fqr this famiiy-is

' removed. Jéﬁsgon (1959b) created the fa@ily Agggggppqniéceéq to include
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UrosPora, Spongomorpha and Acr031phon1a on the basis of having in common

a unlcellular Codiolum 4sporophyte, similar cell wall chloroplast pyren-

oid and vacuolar structure, Kornmann (1962),re3ected the Acrosiphoniaceae

and redefined the old order, Ulotrlchales, to 1nclude Ulothrix, Urospora,

Monostroma and Gomontia, - He excludea Spongomorpha and Acrosiphonla from

this order mainly because they lacked a,quadrlflagellete acuminate Z00~
spore and had a different wali structure‘(Nicolai'and Preston, 1952) and

secondly because he felt Acrosiphonia had}an isomorphic life cycle and

Spongomorpha, ‘a multicellular Codiolum zygote. AsAa-reéult of these con-

fllctlng reports and different interpretations, the taxonomy of the mar-
ine green algae 1s, at present in a fluld state.

3 Cytologlcal’studles on Codlolum-eontalning genera are reetricted3
to those‘of‘Hertj(l928) and‘Jorde (1933) oanr08pora'and Jéheeon (1962) on

Acrosiphonia‘and Spongomorpha and have Been.cdncerned mainly with the

filamentous stagée. Hart described the'nuclear'COndition'of’germlings and

filaments of H.'wormskioldii. Jorde studied nuclear division in H.'mira-

. bilis and éave this. species a chromosome number of four,. but with some
‘reservations since the chromosomes were very small. Jorde failed to ob-
serve division in the Codiolum stage. Jdasson (1962) reported that

nuclear division in the fllament of Spongomorpha and Acrosiphonla durlng

gametogenesis is mitotic, thereby providing indirect evldenceAfor-me1051e
in the Codiolum stage. However, Moewus (1938) demonstrated meiosis in-
 the Codiolum stage of Monostroma more airectly by obtaining & 1l:1 sex'

. ratio from the Codiolum products. |

| Qur present knewledge of life histories in Urospora is copfined

fo European types. Little is known about the genus from North America. '



Setchell and Garduer (1920)vattempted to arrange the epecies reported
from this ceaet, relying largely on herbarium materiel. Several species _
were placed into synonomyvby rhem. 'The specieS‘were:seperated on the
basis of differences indrhizoidal structure; cell prbportionS-and dimen-
eions, chloroplast structuredand:sire of fertile'sporangia. These authors
pointed out the need for studles on living material.. Frye and Zeller

(1915) described U. tetraciliata, from San Juan'Island, from sexual mater-

ial but did not follow zygote development. The unusual hature of gamete
fusion, described as starting‘posteriorly, hes.been queetioned'by Collins

(1918, p. 86) and Setchell and Gardner (1920, p. 195). Collins suggests

that ﬁhese may represent imperfectly separatedlmicroz008pores (= gametes).‘A'.

This SpeC1eS has not been recorded since, even though Frye attempted to
relocate it at later dates (Setchell'and Gardner,-l920). Hart's (1926)

cytological studies were done on U, wormskioldii from San Juan Islend and

included a mincr‘amount of culturing. She was the first to dlscover
dwarf plants and thick walléed restlng cells in culture and to note their
'hardy qualities. Fan (1959) attempted a cultural study of u. penicilli-

£2£§£§ from Califqrnia but gave up after failure to obtain sexual mater-
ial, |

At this point a brief sumnary of the life histories thus reported

in Urospora is warranted. The life hietory of Urospora mirabilis is
shown in Fig. 1 andtthat of other Urospora species ahd Ulothrix, schem-
atically in Fig. 2. U. mirabilis (Jorde, 1933) has three somatic stages'f‘b
v_a filament, dwarf and Codlolum stage. It is dioecilous and reproduces the
filament and dwarf stage asexually via quadriflagellate zoospores. The
*Codlolum stage is produced from zygotes via sexual fu51on of biflagellate

anisogametes or from female parthenogametes. Meiosis ds suggested to



. occur in the diploid Codiolum cell —
U. speciosa (Carm.) Leblond ex Hamel ‘l9r3l,'di‘ffers from_l_I mirabilis
in being monbeeious,and ieogmmous (Kbrnmann,_l96lc>, (see Fig. 2,
III). | o :
H..penieillifornﬁs (Roth) Aresch. 1866, is\similar to U. mirabilis dif-

fering only in filament and gamete morphology (Kornﬁann, 1961c),

(see Fig. 2, V).

- U. wormskioldii (Mertens) Rosenvinge 1893, has not been found sexual in

nature and therefore its life history is unknowm

U. wormskioldil var, biflagellatum benmann_l96l, lacks gametes. The -

filament and dwarf stage are produced from quadriflagellate zoo-
spores and the Codiolum stage from biflagellate zoospores, (Kornmanaz,
1961 b, c), (See Fig. 2, VIa)

r~
il

U. wormskioldii var. caddatum Koinmann 1961, produces a Codiolum phase’via'

the quadrlflagellate zoospores but lacks a sexual phase, (Kornmann,
1961 c), (See Fig. 2, VIb) |

' U. bangioides (Harv.) Holm. et Baxt, 1890, has no sexuai phase, or Codio-
lum stage; andlreproduces only via éuadfiflagellate zoospores,
(Kornmann, 1961 c), (See Fig. 2,I)

U. tetraciliata Frye and Zeller 1915, is reportedly 1sogamous but details

on zygote development are lacklng.
The present study was undertaken to obtain information on the

distribution, morphology and life history of Urospora and Codiolum species

from seuthern British Columbia. Endophytic Codiolum forms were elso in-
cluded since it could not be assumed that onLy free_living forms give

.rlse 16 Urospora. Special emphasis was placed ‘on cytological and cultural '
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approaches. The main objectives were to establish the alternatiop of gen-
" erations on a cytological or genetical'basis and..to detenniné the‘condi-
tions required to bring sbout the.comﬁleﬁe life cycle in culture, The

: iatter involved studies on the‘ sexuqi ‘resp.onse, in Urqspara and the fertil-

ity response in Codiolumg.



- II. MATERIALS AND METHODS

.Collections

Approximétely thirty areaé were investigated in the Strait of

Georgia and Juan de Fuca Strait (see Fig.b3 for localities and Tgblg 1
for their description). Three of these; Deadman's Ba& (Fig. 4 G),

Friday Harbor (Fig;.28lB)'éhd Tsawwaséeﬂ (Figs. .4 A and B) received
monthly inspection for at least one year. Point No Point (officially
known as Gla;ier Point)(Fig. 4 F), Ogden Point Breakwater (Fig. 4 C), Oak
Bay (Fig. 4 D), Anacortes and Porlier Passvwere visited two or more times
during the sﬁmmer and winter of at least one year. The remainder‘were
visited iﬁfrequently. Nineteen of the areas (Fig. 3) were examined dhring
a one week period in June, 1963, to bbtaiﬁ comparative data on the dis-
.tribution, morphology and sexuality of Urospora. At each site samples of

Urosnora and Codiolum were taken throughout their verticai range and ex-

amined on site with a dissecting microscope at magnificatiohs of 25, 50

and 100. Where Urospora or Codiolum were not visible, scrapings were .

taken from rocks and logs throughout the intertidal area Qith the aid of

a wire brush and syringe., Specles of Urospora and Codiolum collected and ,

later identified were; U. wormskioldii, U, vancouveriana and U. speciosa,

C. gregarium and C. pusillum, C. petrocelidis Kuckuck (obtained from

Petrocelis franciscana Setchell and Gardner) and Spongomorpha coslita were

collected from Deadman's Bay and Porlier Pass during the summer of 1961
and the swmer and £all of 1963.

Culture techniques

Clones of Urospora were established représéntative of the upper,

niddle and lower range at each locality where a wide range occurred, The
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morphology of:the clones was compared with that of their field,counterparts.
Unless otﬁerwise indicated cultures were érown and ma;ntained in 20 x
180 mm test tubes' containing 20 ml of URLl medium (see below) at 10° %
2OC, under 300 - 400 £c. of illumination supplied byl"cool-white" Sylvania
‘fluorescent tubes on a 1l hr/10 hr iight/dark cycle. Single germlings
(6 - 12 celled) derived from mass zoospore cultures were used as the in-
. oculunm, fhe UR1l medium is-eguivalent to the SW1 medium of_IQasaki (1961)
* minus the TRIS, suppleﬁented with 6 u g/l of biotin, 10 p g/l of thiamine
and O. 02/p g/l of vitamin Bl2. To minimize prec1pitatlon the sterlle
medium was prepared by steamlng one to two lltre quantltles of filtered
seawater on three consecutive days, following which, the mlnerals and
vitamins were added from three pre-sterilized stock soiutions, one con-
taining the nitrate aed phosphate, one the FeEDTA and one; the vitamins.
The stock solﬁtions were sterilized by autocleving for three minutes at
'.15 psi. A 1.5% agar preparation of URL was used to plate out zoospores
and gametes., Other containers, as well as test tubes, used for experi-_
mental etudies, were: 2 x 10 cm Petri plates (shallow) eontaining 50 ml
of medium, 8 x 10 cm.Petri plates (deep) eontaining 125 ml of medium, and
. 125 nml Erlenmeyer flasks containing 100 ml of medlum. Other media used
to study Urospora growth were: Erdschrelber's solutlon (starr, 1956),
Iwasaki's (1961) SWl and SW1ll media and modifications thereof. Constant
4 temperature of 5° 10°, 15 and 20° were used for behavioral studies of |

Urospora, Codiolum and their motile reproductive structures. Methyl

cellulose was used to slow down gametes for critical observation.

The Urospora vormskioldii clone URX1 (derived from a large low

tide form at Deadman's Béy) was used to studylgrowth in different solu-

tions (Teble 2), different salinities ranging from 5 - 50_°/oo and



different light intensities ranging from 25 - 400 f.c. Clone URXL had
'produced Codiolum cells in great abundance on two occasions separated by
over a year, yet evidence of gametés was never found at those times or in

dozens of other subcultures. "

Infertile cells:of‘Codiolhm'pé£rbcelidis_(neadﬁanis Bay) with
the host, Petrocelis, were cultured in Erdschreiber'é solutibn in shallow -
petri dishes at 10° % 2°C and at various light intensities (55 - 400 £.c.).
One lot was cultured in the liquid phase and one on moist filter paper
" supported at the surface of the medium with a élass triangle. The
Petrocelis cultured in the latter manner‘underwént disintegration over a:
two week period leaving the Codiolum cells easily freed. This was done
by passing moistened tissue sgveral timés through'a ﬁarrow pipette.

] Ereed'cells were recuitured in the liquid phase, '

Stain techniques

'Initial gtudies emplbyed an aéetocarmine>technique in vwhich
_the material was fixed in 3:1 (ethyl alcohol: glacial acetic acid),
heated in glacial}aceﬁic'acid at 60°C for 4 hrs, stained inlacetocarmine.
(Darlington and LaCéur,.l96O)Afor-l2 hrs at 6O°CViq a screw cap vial and
differéntiated_by;épplying a drop of 4% ferric alum to the edge of a slide
preparation and heating for a few seconds over an open flame. Thodgh

satisfactory as a nucleolar and chromosome stain, the chromatin in inter-

phase nuclei of Urospora and Codiolum remained cleér. Subsequently an

. intensive staih investigation was undertaken, which resqlﬁed in the
adoption.of thrée methods: a Newcomer;iron-propiocarmine méthod for |
Codiolum, a Feuigen-iron-proPioca;mipe:method for Urospora and aﬁ aceto-
orcein-ironApropiocarmine methpdffor gemetes, In the Newcdmer;iron-

@ - .

propiocarmine technique, Codiolum was fixed in Newcomer's fixative (1953),
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heated in glacial acetic acid for 4 hrs at 60°C, washed, mordanted with
2.5% ferric alum for 5 min, washed and stained'on'a'siide with a drop of
propiocarmine (prepared in the same manner as acetocarmine) and differ-

entiated by brief heating (1 - 3 seconds) over an open.flaﬁe. This

method also worked well on Urosporﬁ énd g. petrocelidis., In the Feuigen-
iron~propiocarmine method, Urosgdfa was,culfured on slides, fixed'in

3:1 for 12 hrs, stained with Feulgen (Darlington and LaCour, 1960{, using

- 8 min hyd;olysis, 1 hr staining aéd 10 min in the sulfite bléach. dn re-
moval from the bleach, fhé slide preparation was stained'with'é drop or
two of propiocarmine, mordanted a llght purple blue with iron from an

iron file and dlfferentiated with brlef heating (l -3 sec) over an open
flame. Over-mordanting and over-heating brought out nucleolar and cyto-,
plasmic details, In the aceto-brcein-propiocarmine techniqﬁe, gameteé
contained in a drop on a slide, were fixed over osmic ac1d vapours,
stained with a drop of aceto-orcein, washed by draw1ng water under the
coverslip, and then stained with a drop of propiocarmine_mordanted.lightlyﬂ
with iron from an irqn file,ignd diffefentiatéd with brief heating over
an open flame., Crystal violet was'used as a flageilar stain.v For stain- -
ing germinating zdospores of Urospora, ‘a 2% colchicine in éeawatér solu-
tion was applied for 9 hrs following the commencemenf of the dark cycle 
on the day when first cell d1v151ons were observed (usually on the hth

"day). Aniline blue in 10% HC1 was used to staln C. petrocelidis in

fresh or formalin fixed Petrocelis using mild heating to dbtaln separa- |

‘tion of the Petrocelis filaments. For nuclear studies, C. petrocelidis
was fixed in 3:1 and stained with acetocarmine. The stained materisl was
then drawn through a narrow pipette to bring about furfber separation Qf'

the Codiolum from the Petrocelis-tissue;
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Wall Studies

1

Cytochemical tests were done on fresh meterlal and naterlal
fixed in 3:1 or 5% formalin; Ruthenium red (diluted to 1 part in 5,000
with water) was used to test for the: presence of pectic compounds, Sudan
III for fats and IKI - H2804 or ZnClI (both prepared. accordlng to McLung,
1937) for cellulose. . o

The presence of chitln was tested according to Jensen (1962) on
unsectioned materlal. In this test the material was~autoclaved in 23 M
- KOH in a screw-cap v1a1 for 15 min at 15 psi and subsequently treated w1th,
IKI and 1% HpS0y. A violet-blue color indicated the presence of chitin.
Schweitzer's reagent (Handbook of Chemistry and Physdcs, 1962 -.1963,
Method 2, page'1650),‘HCi - ZnClé (1. pt conc. HCl:,‘l pt ZnCl2 by weight)

and slug cytase were used as cellulose solvents. The slug cytase was ob-

A

vfained from 3 - 6 in specimens of the;slug Airiolimax columbianus Gould,
'starved for 12 hrs.l The cytase was preserved ﬁith a few crystals of phen-
ol according fo}Fabergé (1945) and used undiluted immediately after ex-
traction. Except'where heaf'or long periods were involved reactions were
dbserved in progress‘at magnificetions of l0O or k50 times.

Urospora matings -

o o o .
Field material to be used for mating was stored at 10 C, the
temperature at which gamete formation was most prolonged. Mating of

" ‘Urospora wormskioldii gametes was done by cooling filaments of both

sexes on ice in the dark for about 30 min, transferring one or two fil-
~aments of each sex to a small drop (5 - 7 mm diameter) on an ice-cooled
slide, and illuminating with a bright light to stimulate gamete release.
The slide was transferred to a cooled microscope stage andvcopulation vas

observed at magnifications of 100 or hsoetimes. The slide preparation



was fixed 6vér osmic acid vapours, stained with propiocarmine'- lightly
mordanted with irpn-from a file, and maae perﬁmhent in Euparal. De;
hydration and embedding were ddne in‘a ahamber saturated with ethyl aiy
cohol. Several crosses were made of 8L female (Long Beach) with 18 - 3
male (Tsawwassen).for cultural purposes. In thls case a dense male
gamete suspensionlwas prepared in a small drop about 0.5 mn diamater, and
into this 50 to 100 female éametes weré inserted.

Induction of aexuality in Urospora and fertility in Codiolhm»'v

The experlments on induction of sexuallty in Urospora WO

Skioldll were done mainly w1th female clone Fll, male clone M2A (both
from Tsawwassen), clone URX1 (Deadman's Bay), and secondarily with asex-
ual 1solates‘der1ved from Codiolum or unknown UrOSpora types and with a
two-yéar-old Urospora clone from Cape Cod Massaéhusettes. The experi-
ments on the induction of fertlllty in Codiolum were done with cultural
Codiolum from clones F11, M2A, URXl (localltles glven above), female F8
(Long Beach), F3 female (Osak Bay), and hatural Codiolum from Deadman's
Bay, Friday Harbor, Tsawwasseh, Oak Bay, Point No Paint; and Ogden Point
Breakwatef. The methads ased aré given together with the resulfs. '

Tide level determination

The tidal levels given. are approximate and are based on inter--
polations from tide table data (Anon, 1962 - 3) w1th respect to measure-
ments of water levels taken at spec1£ic times,' Levels at Deadman's Bay
and Friday Harbor were determined from the tide staff on the cantilever
pier at the Friday Harbbf Marine Laboratories, taking the zero mark and
tidallamplitude as being roughly eqﬁai to that given for Fulford_Harbour,

B. C.
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I1I, RESULTS AND OBSERVATIONS

1. Type I. Urospora wormskioldii (Mertens) Rosenvinge

Ecology _ (Life cycle, Fig. 7)

Urospora wormskioldii was the most common species encountered in

the areas stuiied, It is a midftidejform ranging from the mean of the high;
er high waters down to the mean of the lower low watersl(Fig. 5). 'Occasion-

ally it is found during the winter in sparse quantities at high tide asso-

ciated with fertile cells of Cddiolum gregarium A. Braun and in the spring,
. (March to early June)'in abundant quantities in the low tide. In the

spring and early summer U, wormskioldii is associated in the mid-tide with

Porphyra lanceolata (Setchell and Hus) G. M. Smith, Bangia fuscopurpurea

(Dillwyn)Lyhgbye’and Ulothrixlspecies; mainly Ulothrix flacca (Dillwyn)

Thuret. In its smallest form (high tide) U. wommskioldii rééembles g.

penicilliformis (Roth) Areschoug and in its largest form (low tide), E;

vancouveriana (Tilden) Setchell and Gardner. . In its upper range it fre-

quently suffers from fungal infection and epiphytism.
Sexual plants occur from early April to late Séptember‘and are
entirely restricted to the mid-tide. At Tsawwassen plants become sexual

on the south side of the jetty about a month sooner than those on the

" north side. U wormskioldii becomes more scarce and appears lower in the
intertidal és sumer progresses and may disappear during June, July, aﬁd.‘
August in southerly exposures, i.e. southeast side of Tsaﬁwaséen Jjetty.
In most areas the coverage of Urospora is very spotty, often

éonfined to patches on widely separate rocks. A continuous coverage'is
found mainly 6n unifonn'BUbstrates, i.e, the flaﬁ surfaces of the granite -
blocks forming the Ogden Point Breakwater (Fig. 4 C), vefy large.flat sur;
faced boulders, beaches cbmposed.of small smooth rocks fou: to twelve in-

ches in diameter as occur at Tsawwassen'(Fig. k A and B) orxoak Bay
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(Fig. 4 D), debarked sunken logs, and pilings. On one occasion 1t was
found on.a newly painted Salmon Trollér at the bow near the waterline
and in one inétance (Départure Béy),;on'a‘tractor tire in the mid-tide.
However, it was ﬁevef”found as an épiphyte or in tide‘pools.

Very large asexual forms (Fig. 23) were found in the low tide re-
| gion (O - 2 ft) in the same blace in the sﬁiing and early'éummer (Aprill-
June) of two succeeding.years at Tsawwéssen, Deadman's Bay, Point No Point,
and once at Kelsey Bay. Except at Kelsey Bay.these were associated above

with sexual blants of g.'wonmskioldii.vAt Tsawwassen and Deadman's Bay the

two types were distinctly separated, but at Point.ﬁo Point théy formed a
continuous vertical band, the size of the filaménts'gfadually increasing
with depth. Attempts were mddelto inducejsexuality‘in several clones of
large low tide forms but these failed, As a result, fheir assignment to.

“Q. wormskioldii cannot be .certain.

Urqspéra wormskioldii'is remarkﬁbly resistant té desiccation end -
heat. After proloﬁged exposure of up to six hours in the Hot sun the fil-
aments can be rubbed to a powder between the fingers. Yet the plants
swell. up quickf& on rewetfing and, if feftile, release masses of zobspores.
The same beﬂaviorjwas observed for éultural plants. After five days of
drying at 20° - 23°C for four hours dﬁily,‘actiVe Z0OSpOTes were feleqsed'~3’
oh rewettiﬁg. Fieid plants:can also withéfaﬁd périodic heévy rains and
freezing conditions. Dwarf plants sﬁrvive cold nmuch better than the
filaments. ‘When field filamgnts and cultural dwarf plants were,keﬁf in
the dark in frozen seawater (-500) the filéments died within thrée days,
whereas the dwarf plants survived Qery well for more than threé months.
Also, dwarf piaﬁts survived at salinity extremes of 10‘9/00 and. 50 o/60

for over a year. However, in spite of these hardy features of Urospora,
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its abundant spore production and its short life cycle (lO - 20 days)
Urospara is not as abundant or widespread as might be expected

Morphology of fieldgglants

Vegetatlve plants vary considerably in dimensions and morphology ‘-
from season to season or. from locality to locality. The plant length |
varies from 0.5 - 24 cm and its width from 80 - 12001u.3 The holdfast is
composed of 5 - 23'rhisoids, whicn generally are intramatrical in large

“plants (Fig. 10 A) but occasionally extramatrical in small ones. ' The
number oflrhizoids increases with the sise of the plant. Usually, basal
cells are shorter than wide (Fig. lO‘A), subcentral_cells isodiametric and
slightly'swollen,‘and more distal cells barrel shaped or spherical (Fig.

110 D). Generally the cylindrical cell is a feature of small plants and
the barrel or spherical cell. of largelplants; | |

The chlorOplast in small cells is parietal, in large cells
'cylindrical and occasionally isAfound witndraun frem the end-walls in |
elongated basal cells (Fig. 8 A) . The chloroplast varies from being

‘4coarsely reticulate in basal cells (Fig. 8 B), especially elongated ones,

to finely reticulate in larger distal cells (Fig. 8 G and 10 B, E).

Coarse reticulation, however, may occur in larger cells, especially at the

end walls. This feature seems to be characteristic of rapidly growing

' filaments, for in culture the perforations become smaller with age of the

filament. |
Occasionally cells may be found in which the cnlorojlast con-

- sists of unconnected bands (Fig. 8 F, upper cell) arranged in a ‘helical

fashion.’ These are most often found next {0 dead cells or in cells grow-
ing down through dead cells (Fig. 10 A). The latter type‘of cell was

observed in stained material as’well.‘-In all'cases the nuclei of the cell
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being perforated were degenerate., In several instances the nuclei in tﬁe

" cell adjacent to the one being perférated were also degenerate indicating

that the cells were dying. | | | | |

Sexual plants, on the other hand, are much more uniform, vary-
ing from 100 - 300 /u»in width and 2 - 4 cm in length. The vegétatiye
cells and gametangia are most often isodiametric; or shorter than wide,
and slightly swollen. All but the rhizoidal cells may become feriile to
produce quadriflagellate zoospores, or séxual to produce hiflagellate
gametes.‘ These are liberated %hrough a pore (Figs. 12, D and G) formed
by gelatinizatioﬁ of the inner walls (Figs. 9 A, B and 27 G). On liber-

" ation the outer meﬁbrane is ruptured and the spores are released in a
vesicle (Figs. 9 D and E) or stream; the female gametes in a stream and
the male gametes usually'in a vesicle. Gametangia and smail sporangia
have a single'discharge pore centrally located, but larger sporangia ma&
have two to four pores located near the end walls. A

The zoospores (Fig. 10 H) rénge in sizé from 15 - 20 /u.in

'length and‘S -7 /u in width and are usually arranged parallel to thé
surface of the cell (Fig, 10 F). In large cells they may be: arranged
in.star-shaped clusters. The posterior tip‘bf the zoospore may be long
and thin (Fig. 10 H) or short and gradually tapered. In cross section
thé 2oospores are quadrate (Fig. 27 K), but later round up (Fig. 27 L).

. The zooépo;e chloroplast is parietal andihas four anterior projections
(Fig. 25 B, 27 K and L), Four fibril-like structures (Figs. 11'E and
27'K; J) originate between the points of flagellar insertion and pass
backwards‘along the four ridges of the wall, 1The flagella are stiff and
gradually faper to the end, An area at thelr base appears very sensiti;e

to external conditions, as in slide preparations, the flagellar sheath at
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this point swells into a balloon-like structure (Fig. 21 D) before thé
flagella are cast off, Detached flagella may exhiblit flicking motions
for several minutes and therefoi'e show a degree of autonomy,

Male and female gametangla are formed on separate plants with
zoosporangia (Fig. 11 D). Similar té those in culture, they a:t"e usually
isodiametric (Fig. 11 D) but may be longer than wide (Fig, 13 A and F),
Female gametangia are of the same color as zoosporangia, a dark green,
vhile male gemetangia are yellow-orange, Unlike the yacuole Qf the zoo-
-sporangium, that of the male and female gametangium frequently contains
several discrete semitran.sparent globu;ar masses 10 - 20 /u in diameter,

Early-fomed male gametes are spindle-shaped (Figs. 12 L and 13 K),
and. average 8 /u in length and 2v.5 /u in width, .’I'heirl spind;e shape is
readily detectable in‘ gametangia with newly formed gametes, (Fig. 13 1F and.
G)e On aging, tﬁe male gametes become §vate or spherical (Fig. 11 D) and
in this condition do not fuse with female gametes, The chloroplast is
‘cupshaped and lacks an eyespot. Early fonﬁed female gametes are-. ovate
(Fig. 13 A), bﬁt become quite asymmetrical within a few hours. 'The.body
develops two or three ridges and after becoming slightly cufved ané. twisted
(Fig. ZL2VK and 13 B, C) é,verages L /e in width and 14 /0 in length. The chlor-
6§last 'is. cupshapga and contains a prominent poste_ribrly located eyespot.
Both male and fexﬁale ga.metgs have two f;l.agella, averaging 20 /u in length,
ﬁhich become gbruptly thinner at the tip. Occasionally both were found |
with four flagella of equal (Fig. 13 I) or unequal size (Fig, 13 H).

Both ha\fe a posteriorly located pyrenoid which in the maleA is only vig-
ible on staining (Fig. 13 J). Male gametes move rapidly through the
water in more or less straiéht lines while the females move along a

shallow spiral path., The anterior region of female gametes is very
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metabolic in that it may stretéh, shorten, twist, or fotate very much
like Euglena. vThis featufe is readily observablé in gametes left behind
in a'newly discharged gametangium, Neither male nor fema;e-gametes
showed any phototactic response over intervals of an hour when subjected
to light intensities ranging from one to a fhousand foot-candlés. ﬁow-
ever, gametes produced in culture, invariébly settled in a very narrow
band (0.1 mm) at the air/wafer/glass interface whether the cultures were
illuminated from above or below. With side illumination the gametes gen-
erally settled at the interface with greatest dehsity nearest the iight
source, | | o

Gamete fgsion is very rapid 'under ideal conditions, taking one
to two.minutéa'fr§m the time of contact. Pailrs fasten to each other by
their anterior ends (Fig. lﬁ A upper left) and rotate to a lateral bdsition
duriﬁg fusion (Fig. 14 A lower row).‘ The quadriflagellateAzygotes re-
main active for some time (atvleast an hour).bﬁt Show ndbphototactic
response, Occasionally two females were observed copulating wifh one
male (Fig. 14 A middle right). Male,gémetesrare much more sensitiyé
than females to exterﬁal conditions. On wamming the slide;: the males
quickly round up and attach to the slide, vhile the females may exhibit
normal motion for fifteen to‘tﬁenty minutes longer. Nine sﬁccess£ul
matings were made between male and female gametés involving plants from |
‘six widely separate iocaliiies (Figs.‘3 and 23). Zygote develoﬁment
was followed.only for the cross between fémgle 8L (Long Beach) and male
18 - 3 (Tséwwassen){ o | 2
Culture M -
| Zoospores from field plénts remain active at lOOC up to four

days and, after attaching to the substrate, lose their flagella, germinate
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to form either filaments (figé. 11 A-D ahd 12); dwarfvplanfs:(Figf 9 F),
or both, depending on the‘égiture conditiqné. -Filament-growth, though |
ihitiallylgood in filtered seawater‘alone, declined-through serial sub- -
culturing. Additionvof nitrétes ané phosphates failed to improve growth;
Of other media tested,-growth was ﬁuch better in Erdschréiber's solutlon
but was inconsistent from culture to culture., Best énd mosf'c9nsistent
grow£h waé obtained in Iwasaki's (l96l)ASWl and SW1l media (Table 2).
The degree oszoospore germination vgried and appearé to depénd

. on the ;oncentration of zoospores used,‘the quality of the seawater, and
the quality of the spore itself. In initial trials, 180 éingie zoospores,
" obtained from 18 plants (Tsawwassen, 1961) failed to gefminate in |
Erdschreiber's solutioh. Similarly, zoosﬁoreéAfrbm thé same‘piants in
sparse concentfation or cultured singly failed to germinate in drop cul-
tures down to 3 mm in diameter. On the other hand, germination was good
when high conpentrations of zoospores were used regardless of drop giie.
Curiously, singlé'germlings of only a fe& cells'(h - 9) originating froml>
drop cultures with high zoospore concentration, grew §ery_ﬁell in‘sea-“'
water alone, indicating.that-the Z0OSpores hgve a critical germinationi
period. At a 1atér date, hoﬁevef, it was found that single zo§8pores
derived from aofémale.fiiament Fll obtéined from.Tsawwassen (1963) germ;
inated in seawater aléne but~gro§th was ‘much re£arded (Table 3). Sﬁﬂ;
sequently it was found'that normal growth in the femaleicﬁltureS'(Table
3) could be restored by addition of a small"amount of SWl‘medium‘which con-':'
tained a supplement of nitraté, phosphate, énd iron. On the other hand V
singlé zooépores froﬁ cultural filaments of male clone M2A (Tsawwassen)
failed to gerﬁinate in‘seawater alone. However, these did germinate in

media supplemepted with FeEDTA (Table h); Z005porés from other cultures .
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and from fertile Codiolum cells behaved_in the same way, indicating‘that
this critical germination pefiod is a common charactefistic of Urosporé
and Codiolum zoospores, | | |

Cultural filaments show little correlation to their field coun=-
terparts and lack distinction between isolates., Under crowded conditions
they vary from 2 - 4 cm in length and 100 - 200 e in width and, ip'most
cases, taper toward the base and apex (Figs. 11 A and 12), In uncrowded
cultgres the filaments may exéeed 30 cm in length in which‘case they usually
form rope-like strands, However, these idng filaments are seldom wider
than 200 /u. The rhizoids which number from 5 - 15 are, unlike their field
cohnterparts, always extramatrical (Figs. 11 A and 12 A) and frequently ram-

ified at their tips (Figs, 12 I and J)., Rhizoids may also be fommed at

sharp bends in the filament as in Urospora vancduveriana (Fig. 17 F) or at
the tip when 1t reaches the air/water interface, Basal cells are generally
shprter‘than wide; cylindrical or slightly swollen; central cells are
mostly isodiametric and of'ten swollen, while apical cells are ffequently
veryrelongate (Fig. 12 N), Cell proportions, however, vary fram cuiture
to culture of the same clone and in some cases the cells, throughout the

| filament length, may be up to ten times as loné‘as wide, The chloroplast
vin cells of young rapidiy growing filaments ia.usually coarselyvreticulate
and‘becomés finély reticulate,in 1afger or older cells, Chloroplasts re-
‘tracted from the end walls were never fﬁund in éulture and therefore
appear to be an environmental feéture° Cultural}boospores show the same
variability in shapé as field ‘types but are generally smaller, averaging
10 A inllength and h'/u in width. However, in very large sportangia, the
zoospores may reach 18 /u in length, Cultﬁral sporangia as wel; as éame- .

tangia have a single pore, Both male and female gametangia in cultwural
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filaments areryellow-orange. The size, morphology.and behavior of the
gametes are the same as those frcm the fdeld;

Clones from all localities proddced dwarf blants‘(Fig. 9 F) as
well as filaments. The former consist of cell clueters aftached<to the. -
substrate by.theirvown cells and/or vy rhizoids developing ouf of several
vasal cells. Dwarf plants can be recognized at e'very early stage'in
development by the random planes of-cell division. . Thelcells hare a
central vacuole and a'finely—reticulate parietal chloroplast with oev- A
feral p&renoids in small cells or many in large ones.. The proportion of
dwarf olants and filaments-depends on the cultural conditions. Dwarf
plants increase with higher.or lower salinities and are predominant at
10 °/oo and 50 ?/oo whereas filamentslpredominate at salinities from

20 - 30 ®/oo. Over the range of light iptensities used (25 - 400 f.c.)

dwarf plants decreased and filamente-increased with an increase in light '

intensity. Dwarf plants have many rhizolds (Flg ‘9 F) at . low sallnities
(10 °/oo) and none (Fig. 9 H and I) at hlgh sallnlties e.g. 50 °/oo. At
these sallnitles they frequently produce large thlck-walled cells up to
200/» in dlameter which have persisted in unchanged media for over a
vear. Cells of this type frequently have no vacuole and look very much
like stipeless Codiolum cells, These are very ea51ly freed from the
plant and on transfer to fresh medium of normal salinity, produce typical
quadriflagellate'zoosporee'which'give rise to either dwarf plants or
filaments. Dwarf plants were occaéiohally encountered during the winter
months in the field but never contained such large cells.

Male clone M2A and female clone F11 grew slowly at 5°C best at
lQO and 15°C, and only Fll grew at 20 C. It was not determined if other

male clones failed to grow at 20°C.
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Of ten male and twenty-four female cultures grown at lOOC, one
male (M2A) and two female (Ell)‘cultures were found producing gemetes
.after four months. Five of the males and fifteen of the females (includ-
ing the sexual clones) contained typical Codiolum cells (Fig. 14 B and C)
which were most concentrated irla %hinfring, less than 1 mm wide at the».
air/water/glass interface (Fig. 8 E) and densest cearest the light.
Codiolum cells derived from:male‘end female cultures are termed male
acd female Codiclum reSpectively;..Sdbsequently 10 clones of male (M2A)
'and 15 of female (F11) were serially subcultured twice.‘ None of the
male clones became sexual or produced Codiolum cells whereas most of
-the females did (Table 3). Over further subcultures sexuallty was also
lost in the female. Of the five .male clones which produced Codiolum,
three criginated from Tsawwacsen, one from Cak_Bayland one from Lohg
Beach., |

The origin of Codiolum in male cultures could not be determined.'A
When cultured 1n liquid or agar media at various temperatures, -zoospores
from field and cultural plants gave rise to UrOSpora but never Codlolmni
and male gametes always died. Furthermore, though male M2A was made
sexual later on a number of occasions, the cultures never. produced
Codiolum.

Female gametes and zygotes developed intolCodiolum gregarium-like .

plants of about.cne-third'to'one-fifth the size of C. gregariuh in nature;
These have a parietal, seldom-reticulate, chloroplaet containing several
pyrenoids'in'small cells and many in large‘cells. The stipe of cultural |
plants is frequently much'reduced and the'layers within are'qqite uniform
(Fig. 37 A). '6nly one zygote was fOund.fertile after 2l days of culture

'and this produced normel‘quadriflagellate zoospores, which germinated in
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the cell to form Urospora plants., Fertile haploid Codiolum cells from
female clone F1l and F3 in all instances contained abmormal products:
ifrégular-sized masses without flagella; zoospores with 2, L, or up to

6 flagella; aﬁd in one cell two small Codiolum cells and a rounded up
structure with an eyespot (Fig. 29 A)., The latter cell was db#erved in
cold shocked material. (Details Po 31).' In liquid and agar cultures the
'zoosﬁorés germinated within the Codiolum célis, the cell wall gelatinized
and filaments or dwarf plants developed from the mass of germinating
5pofeé, ‘

Cytology

The cells of filaments and dwarf plants of U, wormskioldii are

multinucleate and.nhglear division is synchronous, In the cells of rapid=-
l& growing filaments a concentrétion of nuclei is geherally seen at either
end wall and, occasionally, in longer cells in the mid-region as well (as
in Fig. 19 G). Cell division is accomplished by a furrow (Figs. 33 D, F and
as in Fig.liQ I).dévelopingfin the middle of the cell proto?last, gradually
extending inwaié td divide the celi into two equal halves, Cell diviaion
is independeﬁt of}nuclear division., Additional wall material is formed

‘ aboqt the cell which can be'distinguished'from the outer common daughter
layers, The common layers appear to uhdergo some feorganizatibn in the
area of cell division, for in'other-non-dividing éeils the layers appear
continuous about each cell with'only the outer filament sheath being

common (Figs. 27 G and 33 C), This reorganization, however, may not be
éomplete'since the cellulose layers around adjgcenf cells appear connected
or incomplete when viewed after autoclaving in 23 M KOH (Fig.A3ﬁ Aand C)o

When filaments from nature are allowed to stend in culture for several

days,.individual cells can be removed readily from the filament sheath
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- with their inner wells intéct. This can be done simply by squeezing the
cells out of the sheéth with a dissecting needle, This would indicate |
that the canneCtiog between cells is not strohg. One of these cells is
shown in Fig. 11 F., An additional layer with an inner'ragged surface ﬁas
frequehtly observéd within empty spéranéia and appears to be foﬁmed ‘
during zoospore formation or sooﬁ éfter (Fige 27 G). This layer may be
instrumental in building up turgor pressure in the cell by feducing its
inner volume, Occaslonally the cell division furrow starts dbiiquely,.
resulting in the two cells being coiled about each other (Fig. 8 D).

In dwarf p;ants, the nuclei are frequently_associated in random .
clusters. The large Codiolum~like cells of awarf plants were very dif-
ficult to étain and were found to be multinucleate, Prior to spore
formation in filaments, the nuclei divide rapidly, often remaining in
clusters (Fig. 21 A); During this process the pyrenoids become very ine-
distinct (Fig. 8 H) and the chloroplast g?anularo Initials of.ZOOSpbrés
are first seen as‘spheres compressed at'points of contact with ofher cells
(Fig. 8 I) and later these elongate a_na develop flagella, Fertile cells
which eafl;er hadwﬁ cgaréelyfreticulate chloroplast (Fige. 11 G) reflect
this reticulation in the érrangenent of zoospores (Fig. 11 H), Nucleaf
clusters are characterigtic of large cells and are reflected in the star- -
like arrangements of zoospores mentioned earlier, Zoospores (Fig. 27 I)
and gametes (Figse 12 K -« M and 13 D, J) have a single nucleué located |
anteriorly, but occasionally both were found wiﬁh tyo nucleiy Héwever,
nuclear nﬁmber is not éorrellated with flagellar number for zoospores énd
| gametes with one or two nuclel had either the normal or double number of
flagélla. i | '

The nucleil of filaments, dwarf“plants, zoospores and.gametes
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have a prominent often vacuolated nuc]_.eollis‘with about 2 - b small

‘ Feulgen-positive chromatic bodies (preﬁously undescriﬁed) in close

contact with 1t (Fips. 25 ¢C, E and as in Fig. 20 A) The nuclei increase

‘1n -size from about 4 /u in small germllngs to 10 /u in larger filaments.

A' With increage in nuclear size.the number of chromatic bodies increases up
to ten and these becomé moré distant from the nucieolus I(a,s in Figs., 20 G

| and I)'. The c-hromatic' bodies probably. repreéent heterb.chromatic pdz';bioné
of ihter-;éha,se chromosomes, 4Nuclei of germlings and zoospores étained with
Feulgen, but larger nuélei of mature filaments did notA. A good nuclear
stain was obtained when the Feulgen method was followed by staining in iron-
pmiaioca.rmine. The nuclear membrane and nucleolus disappear priof to meta-
phase, The chromosomes become oriented at the met_aphase plate with'their
long axis parallel to the spindle appa.ratus. The chromosomes are seldom
more than 2 /u long and 1 /u m.de and appear most frequently as small round

d.ots. (Figss 26 L = N, Q and R). The chromosome nuuber of U, womskioldii

'based on counts from metaphases in young germlings is ’cwelve.
Cultural Codi olum cells (zygotic and parbhenogenetlc) contaln
a single nucleus which, except in the very sma.l_lest young cells, fails
tc; sj:ain either in Feulgen or.Feulgen-iron-propibcarmine. ' Sihce sectidned
material behaves the same way, this lack of staining appears to be a
property of the nucleus itself. The nucleus » however, stains well in
.Newcdmer-iron-propiocarmine reveaiing the same type of iracuolated nucleolus
and chromatic bodies as in Urospora, Nuclear diw;isi’on waé. not observed in
cultural Codiolum. N | | |
In the living state the pyrenbid of Urospora (Fig. 10 E) and

Codiolum appears to consis’c of a central spherlcal hyallne mass surrounded

by several sta.rch pla.tes. When stained w;Lth acetoce.nnlne, Newcomer-iron-
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" propiocarmine or Feulgenliron-propiocarmine the central mass appears homo-
 genous (aé in U. wvormskioldii, Fig. 20 A), but occasionall& conteins seve
eral small dark staining bodies in the centre. When fhe'third stain is |
used on SeCtioned material the central mass appears to Ee compound (Fig.
21 E aﬁd F). Hoeevér this may be an artifact of sectioning,

Wall cytochemistry (see Figs. 31, 33, 34)

‘The individual cells of Urospora wormskloldll are surrounded by

a thick wall composed of several layers., All the cells are bounded on
the outside by a thin filament sheath. The layers and sheafh are easily
distinguished when treated with IKI -.HéSOu (Fig. 33 E) due to the result-
ant swelling in the acid. The,ihhér layers give a positive test for cell-
uiose with IKI - HpSO, or ZnCli, before an& afier heating in eoneentratéd
HC1, after autoclaving in 23 M KOH and after treatment with Schweitzer's
feagent, er slug cytase. They are also doubly refractive under polarized .
light before (Figs. 33 A and B) and after (Fig. 33 G) boiling in concen- |
trated HC1. The.inner 1a&ers give'a positi#e test with ruthenium red _
before but net after boiling in concentrated HCl indicating the presence
| of acid soiuble pectic compounds; The wall materlal left after acid treat-
.'ment is readlly soluble in Schweitzer's reagent or slug cytase, The
sheath gives a negative test_for cellulose, pectih, fat, or chitin;'ie‘insel-
. uble in slug cytase, Schweitzer's’reagent5 and is singly refractive (Fig.
34F), It is solublevin HC1l - ZnCl, (boiling) or 23 M KOH and ig ZnClI,,
Schweitzer's reegent and IKI - HéSOu after bfief)heating in concentrated
oL | S
In the Codiolhm cell, the protoplast is surrounded by layers,
- of material which only give a test for pectic compeunds and which'are |

soluble in het eonqentrated HCl. The whole cell is bounded by a thin.
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mermbrane different to that of Urospora but also of unknown compositibn.
Other details on the walls are“given under g. gregarium (Pm43) which

gives the same tests and reactions as cultural Codiolum.:“'

Induction of sexuality
 Temgerature. |

After the loss of sexuality in fhe male clones and its reduc-
tion in female clones when sdbcuitﬁred at 10°C, cultures of male M2A,
female F11 and URKL were cultured at 50, 10°, 159, and 20°C. Gamete pro- -
dugtion'océuriéa in both sexes at 15°C and in the female at 20°C (Tabie 9)
being highest in the female at 2o°c, with about 50% of the filaments
becoming sexual. 'HoweVer, on shbsequént cultures éf both sexes at 150‘
the percentage of sexual filaments dropped to less than l%. During this
period 500 test_tdbe ﬁrbspora clones were established from 50 fertile
Codiolum cells obtained ffom_several«areas at Tsawwassen and wére cﬁl-
tured at 1500? but in.no case Qas sexuality_evidenced‘over a two-month
" observation ?griod. The medium in the cultures was thenAreplaced‘and the
cultures‘wére divided into two lots, one being placed at 15°C, the other
- at.10°C. Again no sexuality was observéd. Tﬁese results clearly indica-
ted that the sexuél responée can be.restored:or increased by culturing at
warmer témperatures.but not induced. ?

Thermoperiod and desiccation

Cultures of male M2A, female'Fll‘ahd URX1 were grown in shallo#
‘Petri dishes at 10°C and after 10 gays, when the £ilaments were 2.- 4 cm
lbng and aﬁ'theif height of growth, one duplicate set received drying at
10°C and one at 20 - 23°% for 4 hrs on five consecutive days éuring the
middle of the 14 hour daily photoperiod. After each trestment fresh

medium was added and the cultures were examined for evidence of sexuality.
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No sexuality was observed over the five day period in any culture. Death
of cells and wholé filaments occurred in all cultures,. and was highef in
those receiving a thermoperiod and highest in the maie cultures. After
this period about SO% of the maié filaments and lo% of the femgle fila-
menté were dead. Undgr théSe conditions dwarf plants, smail“fiiaﬁentous
germlings and the rhizoids and basal cells of large filaments survived .
best. The addition of fresh media eéach day resulted in fertile ce;ls
discharging~z603pores which became active immediétely on release. Three 4
d@ys follow1ng return to normal condltlons (lO €) the two male and two
female cultures whlch received a deily thermoperlod produced gametes in
abundance. Gametangia occurred only in large filamentsband compriséd
about 30%.of;$drviving cells. Under.theée conditions periods éf desic.ca~
tion and heat, but not'desiccatiqn aloné,.increased'Sexuality in the fe-
‘male ond idduced it in the male. The effect of thermoperiod alone was then . -
investigated, L |

Thermoperlod

Male, (M2A), female (F1l) and URX1l clones were grown in test

| tubes at 10°C for 10 days and then dupllcates were transferred to thermo-‘
period boxes (Fig. 30) where they received daily warming for. four hours
during the middle of a lh~hr photoperiod on 15 consecutive days. ‘The.
“heat in each box was provided by wire wound rééistors with varioﬁsrout- A
puts and was ;optrolled b& an air thermostat with 0.1°C sensitivity.
Temperatures were measured in, ahd‘;t the bottom of the test fﬁbes. After
vfhe h'hf thermoperiod cold air (5°C), forced into tﬁe boxes by meané of a .
pump, . was uséd»fo bring the cultures down_to_#hé baéa1<temperature. .The :
lag in reaching the maximum tempérgtures and the variafian of temperature

" between tubes (11200) makes precise interpretations difficult. Nevertheless
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the results‘have sémelvalue. The cultures aﬁ'Hl%JQied in three days;

- those at 32°C,in 1k Qays, while the rest survived. . The male-filaménts
showed considerabie bubbling of the sheath at 210,,2h°, and 29.5°C;"On :
fhe fifteenth day a few gametes~ﬁ¢re observed in one of the two controi»
female cultures?and in oﬂe female at 29.5°c{‘ A few Codiolum éeils‘ﬁere
observed in the female cultures at 10° to 32°C on the tenth day, wﬁiéh

at the latter £emperature were dead by the lhth day. On the 16th d;y the
solutions were replenished and fhe cultufes were returned to 10°C but. no
sexuality was eviqent over a three-wéek @bservatidn period. ‘Under thesé .
conditions, thermoperiods were not effective in increasing orvihduéing
sexuality; nér was a nutrient change following fifteen cycles qf thérmo- .
periods. Sinée a thermoperiod failed to bring about sexuality_here, but
did in cultures subjected to daily thermoperiods apd nutrient change, it
is suggested that nutfitional factors may be involved as well.

Prolonged thermoperiod and nutrient repletion-

Becéuse of the high rate of deéth in-éultureésdhkmteé:to thermo~
:period and exposures combined,,ahq pobrer growth of filamenté in festA
tubes, i£ was deéided to see‘ifvailong therﬁdpefiod placed during maximum
plant growth would induce sexual‘ity; Mele (M2A), female (F1l) and URX1
clones were cultured in deep Pefri dishes aﬁ_lOOC for ten dayé and then
were placed at 20°C.f§r six dayé; ‘After this time the filaments:of all
clones showed yellowing and #acuolation. The nutrients of éﬁg-lot were
reﬁienished and the qu;tureé returned té_lOOC. After two to three days
gametes were being produced in abundance in MZA:and Fi1, but:nqt in URX1,
- in which the nutrients were.changéd. Ganetangia were again confiﬁed to
larger plants._'Subsequently this ssme method was successful in inducing

sexuality in two clones from Point No Point and one from Cape Cdd,
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Massachusettes bqt faileé. or; one clone of” Urospdrai speciosa. The elone
from Cape Cod had been maihtained in ‘c"ultu‘re ‘asexually for two yea.re pre-
vious :Lndlcatlng that temperature is a prlme factor involved in the sex-
ual response. It 1s qulte possible that the success of this method was’
in part due to the larger s1zeo of the contamers used since flla.ment

productlon was much more ,abunda.nt in these. )

Induction ‘of fertility in ‘culture,l Codiolum

The effect" of tenip‘era‘.ture"was studied on the growth of Codiolum
resulting from female gametes.ef clone F3 ;‘ on Codiolun plants from male
clone M2A fema,le clone Fl.'l_(both two months old), URX1l (four months old)
and one-day-old zygotes (8L9_ X,18-3 o" ) The F3g gametes were cultured
. on agar, the M2A, Fll, URX1 Codiolum in shaliow Petri plates andthe Zy-

. gotes on slides in Erlenmeyer -flasks.‘ The.tempera.tures used were 5°, 10°,
15°C throughout and also 20 C Tor F3g gametes.

‘Only one zygotlc Codiolum cell (8L Q_X18-3 J ) became fertile over .
a twos-month culture period, this belng on.the 24th day at lO C. This one
cell produced norma.; quadrifla.geliate spores which germinated withiﬁ the
cell. Avout 3% of the’F3g_ Codiolum cells becane fertile.at‘lpo and 15°C .
. and none at 50 ahd.20°C. ‘A1l of .thes:e eontained abnormal prodﬁcts, masses
of varied size without or with me.ny flagella‘and'undivided zoospores in
addition to normal spores. ,Nene ef the No 8Lg', MéA g, Fll.'g or'URX]_.A
Codiolum cells beca.me fertile. In all cases the growth was retarded at
50 and 20°C and was best at 10% and 15°C. A heavy bacterial grdwth.
.‘occurred in agar eultdres at 1_50 and 2600 apd in such cultures Codioium '
cells were ,very. sme.ll lacking.a stipe.' 4 |

.Zygotes of (8L X18-30”" ) and Codiolgm from Fllg w‘ere. sub,jected ) '.

to a daily 8-hr thermoperiod of 18 % 2°C (coincident with an 8-hr light
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‘period) for two weeks and then wéré returned to 10°C. ‘None became fertile; 
Plants of the same type were given a l—hr drying period at 22 x 2% for
one week and again none became fertile on return to lOOC. ‘

éodiolum'cells from.No::8L=and URX1 were subjected to céld,éhocks
_of one or six day duration at 2% ﬁnder dark'conditions.- On feturn ﬁo '
"lO?C-only the 8L Codiolum cells bécéme fertile (Table 7). Those cold=
shocked for one"day started'to become fertile véfy mﬁch.sooher, affer .
three days, suggesting that iongér periodé of cold hasten fertility. in
.all cases these cells:prodhced‘ébnbrmal sﬁructures; (Fié.:29).A'Unfortﬁn;ih

ately it wés not possiblé to. try this method on zygotiq material.
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2. Type II Urospora vancouveriana (Tilden) Setchell and Gardner

(Life cycle, Fig. 15)

Urospora vancouveriana ¥ .wes found at Point No Point (Fig. 4 F)

during Jul& and August 1963, whe;e it formed e dense covefing,on rocks
in sandy areas in the lcw tlde reglon (0 -2 ft) The plahts'were largest :
'at the lowest level, here frequently exceeding 30 cm in length and 2 o

in width, and decreased_in size upwards, where they merged with a band of

sexual U. wormskioldii. - The level at which one ended and the other began .

could not be established W1thout resortlng to .extensive culturlng of
‘samples from the suspected transmtion zone, However, it appeared that

this zone was between:. the two and three'foot level. The following dis-

cussion of the U. vancouveriana is based on culture. studies of sik‘clones
established from large filamente taken from six afeas‘along & hundred foot
horizontal stretch of the beach between the zero and two foot tide level.

The filaments of Urospora vancouveriana have alholdfaét'composed

of 11 - 30 intramatrical rhizoids (Flg. 17 B), and taper.gradually-from
just above the holdfast to the end of the filament (Fié.‘l7 A). Indiv-
idual cells at the base are 1sod1ametr1c and sllghtly swollen, beccmlng
more swollen sub-centrally and flnally spherlcal in more dlstal reglons
(Fig.AlT A). In the largest fllaments the cells may reach 3.mm in
.diameter. The chloroplast is frequently coarsely retlculate in basal
~cells-and flnely reticulate in- mature cells (Fig. 17 C) The zoospores,
Whlch average l8/u 1n length, 7}p in width, are arranged mostly parallel

~to  the cell surface (Fig. 17 D) and are liberated through a central,pore.

. ¥ This form was brought to my attentlon by Dr. M Dube of" Western
- Washlngton State College o .

/
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Culture

The six clones were cultured at different temperatures (5°, 10°,

15°, and 20°C) and 1light intensities (25 - 400 f.c.) As in U, wormskioldii
zoospores developed into filaments‘(Figs. 17, F - I) and dwarf blants
(Fige 17 J)e Cultural filements are indlstinguishable from those of U,

wornskioldii, The chloroplasts in the cells in rapidly growing plants

are, as in U. wormskioldii, coarsely reticulate (Flg. 17 G) and become

finely reticulate with age. The QWarf plants contained one.or two types
of séorengiag one fype prbducing quadriflagellate zoospores (Fig. 18 B)
and the other type, biflagellate zoospores (Figs, 17 J and 18 A, C). The
latter type were readily distinguished by ﬁheir yellOWborange‘colbr. |
Filaments produced quadriflagellate zoospores at all temperatures. Cul-
tural zoospares are generalLy about two-thirds the size of natural ones |
(Fig. 17 E). The number of dwarf plants increased with a decrease in
iight intehsity end‘increase in temperature, while the reverse was true
of filements. Yeilow orange sporangia inereased with an ijcrease in
temperature (Fig. 16) and decreased with a decresse in light intensity.
Thefbiflagellate eoospores ere'released in vesicles (Figs. 18 A,”
‘D, E and 19 F) and this release can be induced by cooling the culture on
ice and subjecting it to bright light, The zoospores, on release from the
vesicle, are at first spherical te ofate (Figé. 18 C and 19 F), but over
. several hours become acuminate (Figs.vlé F and 19 A). A£ this time they
~average 8.6 /o in length and~3'/u in width., The flagella avefage 15.8‘/uA
in length and become abruptly thinner at the tips (Fig. 18 G)L. They show
no ‘phototactic response, buf in culfure settle in greatest quantities at

the air/water/glass interface nearest the light source,

The contents of six vesicles were cultured separately on agar
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plates and in ali cases the biflagellate zoosnores gave rise to typicai
Codiolum plents_(Figs.‘l8 H, I and'l§ C - E). The stipe of such cells
contained very regular pecnic-layers'whichmincreased,in number with the
age of the plant. On the other hand, quadriflagellate;zoospores from
dwarf plants or:filaments-never gave rise to Codiolum.cells."ﬁithin
thirty days of culture the Codiolum cells attéined a lengthlof 200 ~ 300 p

o
, and

and a width of 30 - 50 )1 Abo@ 3% of these became fertile at 5°, 10
lSOC but none at éooc. In all caées fertile cells produced normal Quad-
'rlflagellate Z00Spores Whlch germlnated w1th1n the cell., Out of this mass,
filaments or dwarf plants emerged. A cold shock of one day at -59% failed
to increase fertility in vegetative Codiolum cells.

At first it vas thought that the biflagellate zoospores were

.gametes and attempts were made to mate these with each other and with

gametes of U wormskioldii. This was done on three‘separate occasions,

but in all cases the biflagellate zoospores showed no copulation tendencies.

Cytology and cytochemlstry

Urospora vancouveriana nuclei staln sumllar to those of U

wormskioldii and show the same features. - In small filaments and dwarf

plants, the chromosomes at metaphase are very small and dot-like (Fig. 20 B)
However, in early prophase the chromosome strands are readily visible

(Fig. 20 C upper left cell) In larger fllaments the chromosomes at
metaphase show some variation in size and shape (Fig. 20 E and H) where

the largest ones are 2,5‘p long and l‘p_w1de. The chromosome number,

based on twelve counts, appears to be nine (Fig; 20D - F). The Codiolum
‘cells were uninucleate except when undergoing fertility."Only two

nuclear diVisionai stages were observed, both,in first division anaphase,

A spindle apparatus was clearly‘observed but chromosome counts could not
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be made. The cell walls of _I{. vancouveriana gave the same color reactions

and behaved in the same way to chemical’ treatments as those of U, worme

skioldii,
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3. Type III. Urostra speciosa (Carm.)_Leblond ex Hamel
In May of l96h several small vegetative iilamént fragments
(Fig. 21 G), less than 30 u wide and 2 m long, were found in a collece

tion of Urospora -wormskioldii plants obtalned from the low tlde reglon

(2 ft) at Deadman's Bay (Fig. 4 G-- 1). Though these fragments appeared

Cvery similar fo'Ulothrix'flaccé (Diliuyn)‘Thuret, which was also present,
one contalned fertile cells whibhvpruducéd12003pores lacking eyespoté.
The fragments_bécame fertile in culture and ten cloneé were established
‘vifrom the‘resultént germlingsﬁ of fheée, eight gave rise to a small form

. of Urospora, one to U. wormskioidii, and one to Ul. flacca.‘ The cultural

Tilaments of this Urdspora species range from 1‘4 2 cm in length and 30 -
50 p in width. The holdfast is composed of from one to four rhizoids.A.'
The cells are mpétly isudiametric and slightly swollen. The chloroplastA
is éylindrical, irregular-at the edges, and coutaius severai pyrenoidé;
Fertile cells prbé.uce quadriflageilate gcwninate vzoo.spores ranging from
8 - 12 n in length and 3 - M,p in width, The.cells'contain a single
nucleus whlch is readily distinguished in the liv1ng state. Whén stained
the nucleus uhOWS the same features (Flg. 21 H) as those of the first two
vUrospora spec1es.' Other features of_lts-l;fe history remalp to*be-studied.
One attempt was nade to induce sexuality in this form but failed '(Detvail's

p. 29).
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Sumary of the genus Urospora:

Three species of Urospora were found in this study, 'H. _V_I_g_i:g-
skioldii (n = 12) is the most common, This 3pecies ie dioecious, aniso-
‘gamous, has' three somatic stages: filament, dwarf and Codiolum, |
" Codiolum plants are produced by zygotes,female gametes and prébabiy.
| male gametes, and . therefore may be 'diploid or haploid. The vegetative
features of this. specles are extremély varisble in the field and en-

: qompass 'thbse of o*bher_UrdsPora. species recorded from. this coast; U,

penicilliformis, U, tetraciliata, U, dolifera Setchell and Gard.nér, U.

sphaerulifera Setchell and Ga.rdner;, -and U, grandis Kylin,

Urospara vancouveriana (n = 9) was found in only one locality,

The filaments in nature are of a distinéti’ve large form but in'cul’cure

are indistinguishable from U, wormskioldii, This species is asexual,

has three somatic stages: filament, dwarf and'Codiolum. The latter stage
is formmed from biflagellate zoospores which are produced at higher temper-
atures, - | '

Urospora speciosa (n = '?),' found once at one locality is a vei'y

small slender form and,lmliké any other form,is uninucleate. 4 ThiS‘ is the.
first record of its occurrence in'Nor‘ch America, - Other features of its

1ife hi story have no’c""been studied. -

'
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Yk, Codiolum gregarium A, Braun and C. pusillhm

" Lyngbye Kjel;man

Ecology

Codiolum was generally found in a narrow band (1 - 1% feet
vertical depth) coinciding approximately with the higher of high tides
from spring to earlj fall (Apmil - September): below this level in
sheltered areas (Friday Harbor, Tsawwessen) or above it.in more wave/
beaten areas (Point No Peint, Ogden Point Breakwater),(Figlus). It occurs
' densest in protected areas, on long stretches of vertical faces‘(dgden |
Point Breakwater) and is very sparsely scettered:onvﬁeaches having rocky
6uterops:(Point‘No’Point, Deadman's Bay). Codiqlum is frequemtly asso0-

ciated with Prasiola meridionalis Setchell and Gardner'(Tsawwassen; Ogden

Point Breakweter, Deadmants Bay,'Séanley Pamk,-Anacortes)‘where it may be
-found intermingled with Prasiola or above or below it. Codiolum ie foumd
in most abumdance during fall andiwinter on fiat'faces of logs or rocks

with a south, southwest or southeasterly ekposmre, above areas of maximum
Urospora density. Juvenile forms appear in the spring at the upper limit

of U. wormskioldii, soon after Urosgora becomes sexual. The Codlolum cells

contlnue to grow and remaln vegetative durlng the summer months. Genem-
ally vegetatlve plants are most abundant and consplcuous durlng the fall
~and winter (Fig. 6). Fertility starts in the fall and reaches a peak
during December and January. By following the development of small iso~
lated petches of Codiolum at Tsawwassen it was noted that some plants

may remain vegetative througheut the wimter to becdme fertile in the next.
| Codiolum,as well as Urosbora,.may be killed off dufing hot summers partic=
ularly in. areas mith”southern exposure. During the summer of 1963‘at

. Tsawwassen, Urospora disappeared eompleteiy from the southeast side of the
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jetty, whereas patches of Codiolum (0.1 - O.S‘m?) remained, though with
considerable reduction'in numbers.“Both‘survive'much better on sunken
logs or pilings. At Friday Harbor both plants were present on a sunken ;
log (Fig. 28 B) throughout the summer, but absent from the rocks nearby.
Codiolum is an extremely hardy plant; more so than Pra81ola,

Porphyra and. Bangia which are kllled 1n the summer in protected areas.

Prolonged ralny spells or freezing conddtlons seem to have no effect.on
Codiolum. In fact, in the winter of 1962 - 63 Codiolum was covered with
.ice for several weeks yet remained perfectly viable on.thaw1ng..‘Its €X=-
treme-hardiness ds furtherudemonstrated by the'ability of very young plants
to survive three months of dry storage at room temperature (26 - 23%).

Under this condition larger plants die within two weeks.

Morphology and variability

In.tge ten localities in which it was found Codiolum shows a
great variebility (Fig. 6). The morpholoéy,.though constant for a part-
icular locality in.one yeer, nay change in the next. It also differs
according to the substrate, amount of croWding and exposure. Two ex-
treme types are represented. The plants from Oak_Bay,'l963l(Fig; 2k D) -
.ere,long.and slender, tapering’gradually fram.the clave-(head of the cell)'
to the base. These were extremely crowded and formed a dense almost pure '
stand on rocks (Fig. & B). Mature plants range from 900 = 1500 u in
length and 55 - TS‘p in ﬁidth'with the>clava‘constitutdng'about one half '

of the total length of the cell. This'type conforms very closely to -

Codiolum pusillum (Lyngbye) Kjellmen{ The plants from Tsawwassen (1963)
(Fig. 24 E) are‘considerabiy.shorter, ciavate or-ovoid sbove, with.the"
stalk sharply delimited from the clava. These plants were not nearly as

crovded as those at Oak Bay. Mature plants range from 500 - 700 p long,
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80 - lOO‘p wide at the clava, with a stipe 25 --30‘p'wide at the clava
tapering gradually to the base, with the clava constituting from one
quarter to one half the length cf the'cell.-This type’confonms closely:

to Codiolum gregarium A, Braun. The stipe of both types is formed of

periodic pectic layers cchtinuous'with similar layers in the clave
(Fig. 24 A).
In the winter of 1961 plants at Deadman's Bay.were scarce and

resembled Codiolum gregarium (Fig. 6). In-l963 they'were very aebundant

and resembled C. pusillum. The plants from Victoria Breskwater in 1962
were very abundant, many resembling C. pu31llum but in 1963 they were:
reduced and conformed to C. gregarium. Plants on logs at Friday Harbor,-gd
Tsawwassen and Point No Point were like C. gregarium but very reduced

in the latter two localltles. Thc logs here were drift logs cast up on
'the shore during winter high tldes. Plants on these logs per51sted_1nto
mid-summer, but later perished. Plants at their upper'tidal limiﬁlare
generally smaller than these.at lcwer levels, and as with Urosbora_are
.freduently infected by fungi, especially duriné winter months. Cufiously,
Codiolum was very scarce at Point No P01nt in the winter of 1963 on the

,rocks above the area where Urospora vancouveriana was 8o gbundant in the

summer. Less than 100 cells were found from scrapings taken from many
rocks. UrosPore appeared to be completely absent from this area during
the winter, either in filament or dwarf form, yet very dense stands of
extremely large Urospora plents were found again in the summer of l96h
Fertile Codiolum plants from seven localities all produced the
typical Urospora gpddriflagellate zoospore (Fig. 25 B)..TheSe are formed"
throughout the cell when no vacuole is presedt. Fredﬁeﬁtiy the zoospores

at the surface are arranged parallel to it. ‘Thouéh many cells were
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examihed, natural zoosporé release was never observed and only rarely were
empty cells oncoqntered. Such cells always had a longitudinal split of
variable léngth in the clé§a~wall. A #éry small percentage of fertlle..
cells.could, however, be ruptured under laboratofy conditions by drying |
ét room temperature (20 - 239C) for ‘about eight hours and rewoﬁting; In
such cells the clava oplit to release the spores. Otherwise, under normal
culture conditions the zoospores always germinated ihtefoally (Fig. 24 c).
This occurs also in the field where, toward the end of the fertile period
one can dlstlngulsh very ea81ly on logs :the many small oval patches of
young Urospora gefmlings that have resulted from internal development of
Codiolum sporé masses., The-UroSpora.filaments found at‘high fide in the
spring are fofmed from éuch'patches. | |

The vegetative cell hao'a_pafietal chloroplaét containing sev-
eral to many pyrenoids (depending on the cell size) and a central nucleus.
One or two vacuoles weré occasionally obserfed oh éither side of the
" nucleus but this is not an obligate foatﬁre; In crowded rapidly-grow1ng
cells the chloroplast mey he coarsely-reticulate but in mature cells
it is dense and lobed inwaxrdly.
.Culturo
_ . Zoospores of fertile Codiolum'plants Qefe‘oulfured froﬁ Desdman's
Bay, Friday Harbor, Tsawwassen, Point No Point, Osk Bay and Ogden Point
Breakwater. These always gave riso to dwarf plants or filaments which

are indistinguishable from those of Urospora wormskioldii (Figs. 25-E -G

end 27). The Codiolum plants obtained from Point No Point came from an

- area direcfly above where U. vancouveriana was found in the sumer and
. although zoospores from thosé were cultured at 15°C, no biflagellate:

12008pore-producing-sporangia were encountered as otherwise would be
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expected if the Codiolum cells originated from U. vancouveriana, Sex-

uality did not occur in any Codiolwn-derived Urospora clongas o'btaiﬁed
from any of the localities., However, of 114 clones established from one
fertile Codiolum cell obtained from Dea;dman's Bay, 8 produced Codiolum
cells, Thou'ghv these 8 clones were ‘sdbsequentljr subcultured at ido and
l5°C none became sexual or produced Codioiwn;- Iilcéwisg, of 500 clones
established from 50 Codiolum cells from Tsamséen none became sexual.a_,t

15°C (Details pe 27).

Cytology and wall cytochemistry (Figs. 26, 31 B and 34)

The nucleus of the végefative cell of Codiolum increases with
cell size,Aattaining a diameter of 30 /u :Ln larger plants. The llving
nucleus appears hyaline and contains a prominent vacuolated nucléolus
(Fig. 26 P)s Occasionally several smaller bodiés (5 - 10) wer;a observed.

'4in the nucleoplasm exhibiting a jiggliﬁg notion while theylmcved slowly
and randomly in it (Fige. 26 0), In maﬁerial subjected to a combined four |
hour daily thermoperiod (23 -\2501(':) and dessicatién, nuclei wereifre- .
quently observed' with five o 'ben“ﬁucleoli-like stru_ctures of vaﬁaﬁle
size (Fig. 26 I and J). The nucleus of natural Codiolum, like that of
c\ﬁtui'al Codiolum, fails to stain with Feulgen or Feulgen-iron-proplocar-

' mine, When stained with Newccmer-iron-propiocarmine the chromatin is
readily visible, appearing as a reticulum in th‘eAresting nucleus (Fig. 26

D). Though many thousands of Codiolum cells were examined, first div-
;I.éioné were encountered in only four cells., These appeared to be mitotic
(Fig, 26 A - C and E). Second and third divisions appeared normal
(Fig. 26 G). However, occasional cells were found vhich had one or two
large nuclei ahd. ‘two or more smail d.e.géner-ate nuclel indice{tive that '

nuclear division in .some cells is abnormal . Nuclee,r divisions are
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synchronous and the nuclei decrease in size with further dirieions. -Ehen
nuclear divisionsvare in progress the p&rehoids do not stain. This phen-
omenon facilitates the search for divisionsvby enabling the use of lower
megnification. A sllght Feulgen stain is obtained after about the fourth |
division (l6-nucleate stage) and thls stain increases gradually w1th
further divisions to z003pore formatlon. One cell was observed at ninth
‘ lelslon metaphase in which 224 of the 256 possible metaphases were lo-
cated (Fig. 26 H), 1nd1ceting that at least 512 zoospores may be formed

by a single cell. The chromosome number of Codiolum obtalned from Qak
Bay, Deadman 8 Bay, Tsawwassen, and Ogden Point Breakwater appears to be
twelve, based on the highest number found at metaphase.

| Similar to cultural materlal;'natural Codiolum cells have an

outer sheath of unknown composition‘end inner layers oflpectie sdbstences.
The behavioral details of the wall components to stains aod reagents are |
given in Fig. 31. The pectic layers give a positive test (red)-with
‘ ruthenium'red, andlare insoluble in Schweitzer's reagent, slug cytase,

© or on autoclaving in 23 MlKOH. They.ere{doubly refractive (Fig. 34 D)

(a property generally not ettribotedbto pectic compounds)vahd are reedily..
soluble in boiliné concentrated HCl. With the latter treatment;the

sheath béComesomuch distended (Flé. 34?E) or bursts. 'The sheath is elngly
‘refractive; gives e.negative test for chitin, pectin, fat, or cellulose;

is insoluble in Schweitzer's reageptKOr slug cytase; is soluble in boiling ‘
HCL - ZnCl, and on autocleving in 23 M KOH but, unlike that of Urospora,
after brief boiling in concentrated HCl;'ls lnsoluble'in ZnClIz,‘

Schweitzer's reagent or IKl - HéSO .“Both before and after boiling.in

A
)

concentrated HCl a bandlng pattern was dbserved in the protoplast

(Figs. 35 D and F).



Induction and inhibition of fertility

Infertile Codiolum cells from Deadman's Bay and-Friday Harbor
© were cultufed at various temperatures. All maturerlants (largerienes)
beceme fertile at 5°C and 10°C, a small percentage at 15°C and none at
QOOC.(Table,5).. Codiolumicells frem'Point‘No Point, Ogden'Peint Break-
' water, Oak Bay and Tsawwassen behaved in a 81milar way.‘ |

When plants were subjected to a daily thermoperlod of 8 hrs
‘at 18 ¥ 2°C, fertlllty was inhibited (Table 6) and'when returned to lO c
it was induced. Subsequently-exposure'to a b hr thermoperiod every two
days was found to be just as 1nhib1tory. Intervals of three‘and'four
days resulted in a small percentage of plants beccmlng fertile and this
increased with the length of interval. Plants subjected to a combined
daily dessication period and thefmoperiod survived much longer than those
receiving a thermoperiod only. In such cultures epiphytism was markedly-.
reduced, - whereas in those receiving & thermoperiod only, the plants be-
came overgrown with diatoms, fungi and other algae. Using the combined
treatment, vegetative cells were keptAin good condition on their:natural
'sqbstrates, wood or roeks, for.four months. |

The finding of Codiolum in large quantities on a logfat Fridey
Harbor made it bossible to study the effect of éransplantation’on,feftil-
ity. Small blocksvcontaining COdiolum_were removed from the log (Fig. 28)
and placedlon the back and front of ladder rungs'positioned at 3 ft inter-
vals from the +12 to the -9 £t . level in the intertidal. Saﬁples were
. removed on the Sth, 16th, and 30th day and the percentage of fertility
was. determined from several hundreds of large mature looking cells.
Sambies were also removed from the log and from e.rockvax Deadmaﬁ's Bay

to serve as controls.
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On the 8th day a small percentage of plants were fertile on the

* ladder rungs at levels from O - 9 £t while none were fertile on the log or
rock (Fig. 28 E - G), On the 16th day a g;:-eater percentage-of plants was

'. " fertile on the rungé ahd. fertility exﬁended to the 1ewest 1evel.‘ 4None were -
fertile on the rock but a small percéntage vas on the log. On fhe 30th day
Codiolum was absent en several lower rungs due to “their having become de-
tached on fertility; but where preseﬁt the percentage’ of fertile ceJJ.e was
much higher than vefore. - On the 30th da.y the percentage of fertiln.ty was -
" also much higher on the log and rock 'but in general it was 1ower tha,n that f
‘on ladder rungs below the 6 £t 1eve1. No fertile plants were observed on

' the ladder rung at the 12 fﬁ level over‘ the thirty day p&‘iod. Most of
the 1arger pla;nts on ‘the south side at this level died over this period:
but those on 'the north side survived, The plants at this level were ‘about'
a foot above the daily high tides vs‘o_would hav_e relﬁained dry over the en=- :
tire period except when high wave action coineid.ed. with high tides,

~ Throughout the observation period the percentage of fert'ility» was notice~ -

_ e.bly reduced on rungs at the 6 and 9 £t levei Sut was oemfarable to that

' fouﬁd on the rock a.nd. log.s Over the 30-day period the: south side of the -
rungs at the 6, 3 and O ft levels became increasingly- covered with £1la-
mentous diatoms, Urospara and other algae, while the north sides remained -
‘free of epiphytes. By the 30th day the ﬁlaments of diatoms on the 6 £t
level rungs attained a length up to 15 cm. It is suggestive that the
lower percentage of fertility on these rungs was due to the epiphy'te COV=~
erage. While the water temperatures remained fairly constant over this
period the aerial temperatures dropped considerably., The increase in 1:.he
percentage '.of‘fer'bility of Cedioltﬁn on the rocks a.;nd. leg can be nea.d:l.ly

attributed to this atmospheric temperature drop.
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VS._ Codiolim pe‘brocelld:.s Kuckuck and Spongamorpha coalita (Ruprecht)

\

Colln.ns

Plants sind.lar to Codiolum pctrocel:.dis Kuckuck were found in

7

abundance within -the tissues of Petrocelis franciscana Se’cche]_l and

Gardner in the mid-tide (2 - 7 £t) during the sumner end fall of 1961 and

1963 at Deadman's Bay and Porlier ‘Pass where Spongomorpha coaln.ta (Ruprecht) '
Collins occurred in dense patches below it in the low tide (0 - 2 ft). : |

Only vegetative cells were encountered during this period. At Deadman's

Bay, C. petrocelidis was oriented stipe up (stipe directed towards the

surface of the host) (Fig. 37 D) and at Porlier Pass, either up or down

(Figs. 38 A, B and 39 A). On the other hand, fertile Petrocelis
‘tissue collected fram Point No Point in December, 1963 contained fertile

plants of C. petrocelidis of which the majority were oriented with the

stipe down (Figs. 39 E, F, and L0 E), At Porlier Pass sbout 50% of the
plants w:ii;h‘the stipe directed down had a lateral appendage o‘i" variable .
length always directed upwards (Figs. 37 A, 39 B, and 40 C). - A etmba- of
cells were i‘ound in which this 1ateral appendage was composed internally
of periodic "V"=-shaped layers 1dentical to those of the stipe proper dbut
peinting in the opposite direction (Fig. 37 B)e A number of cells were
also found whichv clearly showed the‘i.‘ormatim”cxf'» a second stipe‘(Figs.

38 B - 3, and 40 A, D), In the first figure only the first two layers in
the new stipe are visiﬁle; At Porlier Pass cells with stipes orlented down |
predominated in the summer and stipes oriented up Vpredominated.in the .‘
fall, Also, material collected from Porlier Pess showed piants ozii!ented
dovn to be more abundant in' shaded areas than in sunny areas, Septa-like

structures were occasionally ‘observed in the stipes of C. petrocelidis

from Deadman's Bay (Fige. 37 C and E). However, in all three localities
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cells with a solid stipe composed of "V'-shaped layers were common.

The protqplast.of Codiolum béffoéelidis contains a barietal
chloréplasf with several pyrénoids and, except at fe?tility, one céhtral
nucleus. In the culture studieS’it was fouﬁd that vegetatiye ;ells be- .
ceme fertile a¢ low light intensities (25 - 100 f.c.) and oﬁly in the wet
- filter paper cultures, Fertile cells.produced.ovate:quadriflagellate
ioospores containing a pfominent éyeépot. The 2003pqrés germinaﬁgd in-
ternally andllater developed into branchingvmultinucleatei'mulficellular

- filaments., Further development of these plants was not followed.

Cyfochemical tests done on Codiolum petrocelidis give idenfical

results to those of C. gregafium and cultural Codiolum from Urosporal

wofmskioldii and U. vancouveriana (Fig. 32 B).: The inner layers are pectic -
and the outer shéath_is of an unknown compoéition. The sépta-like struc-
‘tures observgd in some cells dissolved readily in boiling concentrated
HC1l (Fig. 35 G) indicating the absenée of cellulose.

Spongomorpha coalita was the dnly Spongomorpha species collected

at Deadman's Bay and Porlier Pass. Mature sexual plants were collected at_
these localities from April to the end of August. A few unsuccessful
attempts at mating were made in the summer of 1961. VThe'plant waé~re-.
investigated in the summer of 1964 to obtain informétiénAon its wall
stfucture for comparison with the walls of Urospofa..

The inner walls of Spongomorpha cells appear tolhe composed of

éellulose and small amounts of pectic ﬁaterials. As in Urospora the cells

of Spongomorpha are bounded on the Qutside by a common filament membrane

of unknown composition. The cellulose layers appear thicker than in
Urospora and give a p031t1ve test w1th IKI HéSOu or ZnClI2 before or

after heating ‘in concentrated HCl or after autoclav1ng in 23 M KOH .



11'8.

(Cytochem,details ?igs. 32‘A and 35) céllulése layers are aléo.doubly :
fefractive under pblérizedllight béfqré and after removal of pectins. As
in Urospora the cellulose layers are soluble in Schweitzer's reagent
(Fig. 35 F) and slug éytase (Fig. 35 C and D),‘bﬁt only after.boiling-in
concentrated HCL. The.péctié'matéfial appeéfs.tb'bé less than in'Urosgora
for only a slight swelling occurs on treatment with:IKI - sto# and the
filaﬁent remains more rigid after boiling in concentf§£ed HCI. The cell
wall gives é positive test for‘pectin with ruthenium red before but not
after heating in conéentrated'HCl. The pectic materials are insoluble
" in Schweitzer's reagent, slug éytase4or on autéclaving in 23 M KOH. The
outer sheath gives a negaiive test for céllulose, pectin, éhitih,“or fat.
and is insoluble in Schweitéer's reageht or‘slug c&tase. Unlike that of
Urospora the sheath is insoluble in IKI - HpSOy, ZnCll, or Schweitzer's:
reagent after brief boiling in coﬁceﬁffateé HClvand is still found present |
efter autoclaving in 23 M KOH, Howéver, afté? thé 1att§r treatﬁent the .
membrane dissolves with the addition of water. The: sheath of Spongo- |
morpha appearé'to be much thicker thgn that of UrosEora.and may élso
" form part of the cfosswalls.4.0n treatment with Schweiﬁzef's reagent
or slug cytase affer brief Poiling in concentrated HC1, croséwa;ls are
occasionall?.;?ft (Fig. 35 D). Thesé are generally found in célls.in;
volved in branching. When the filaments are boiled in HCL - ZnCl, the
inner layers dissolve first, leaving .the outer.sheath with-crosswgll
"shadows" (Fig. 35 F), but with further heating ‘these disappéar _as- the .
sheath becomes furthér dissolved. ‘ .

| As a by-product'bf the wall sfudies it was discovered that

Spongomorpha éoalita in thiS'areébof study has operculate gametangia

(Fig. 39 C). Subsequently operculation was also found in a éollection of.
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S. coalita from Mussel Beach, in the Monterey Peninsula, California. ¥

Iv. DISCUSSION AND CONCLUSIONS

i. Gféwth and sexﬁélity.bf'Urospora

The frequent failure 6f single zoospores 6f Urospora wofmskioldii

to germinéte in culture is suggested to be due to the requireﬁent of a
"diffusible endogenous factor required dﬁring,a critiéal\stagéjin germina-
tion. Concentrated spore suspensions would therefore reduce net outwafd
diffﬁsion of the factof, while weak suspensions would have.the opposite
effect,.resulting in its loss. The fact that the éource of the spéres is

related to their germination abiiity suggests the amount of the diffus-

ible factor present in a spore is dependent on the past environmentgl

history of the parent (Urosﬁora or Codiélum)._ Since FeEDTA promotes zoo-
spore germination, it is possible that the'diffusible_substance is iron
in a weakly bound form. On the other hand, the beneficial effect of
FeEDTA may be in promoting retentién.of the factor. if single zoospores

also have a low germination frequency in the field it would explaiﬁ why'

U. wormskioldii is not as abundant or more evenly spread as mightlbe ex-
'pected. As far as I am aware, a critical germination period has not been
reported for ZOOSpofes in other aigae.

In Urospora wormskioldii the male clone M2A appears to be far

more sensitive to stress than the female F1l. It does not grow at 20°,
dies sooner'with daily.dessication'periods, thermoperiods or both com-
-bined, and experiences bubbling of the outer sheath when subjected to

daily thermoperiods. However, it was not determined if this is a common

% Collected by A. C. Mathieson (U. B. C.) in June, 1960.

-
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| feature for all male plants, or in other words, sex linked, If i‘c. is,

the difference in heat “tolerance of the two sexes could be used to advan- ‘
ta,ge in establishing the presence of melosis. in the Codiolum stage. It “
could also be ‘useld to determine the percentage of haploid and Qiploid |
Codioluin planfs in nature and to. defermine if the haploid Codiolum plants

can be of either sex. |

Though the gametes of' Urospora womskioldll failed to show any

phototactic response over short penocls, the fTact that they settled near-
est the light in culture indicates they have a positive ‘phototactic res-
ponse, However, since they settled at the air/wa'ter/glass interfa,e_e, even
when illuminated from below, 1t 1s possible that selectlon of this site_ is~
determined by other fac‘Eors as well,

| _The sponta.neous occurrence of sexuallity in both sexes of Uros-

pora womskioldli its gra.dual decrease in the female and abrupt loss in

the male through serial subcultures suggests that internal as well 88 ex-
ternal factors are involved in the sexual response, This carrjr-over of sexe
uality probsbly occurs in the field and therefore might be regarded as an
adaptive feature, for it would extend the sexual period and thereby in-
crease zygote produ'ction. However, the failure of clones derived from
Codiélim” to became sexual indicates that, if carry-over is due to some builte
up stored.facter, ‘this factor is lost in passing through the VC‘odiolur.n stage,
The experﬁnents on sexuality indicate that temperature change is
‘the prime factor involved in the sexual response and that, in culture,'
nu'br:!‘.ent' factors a.r.e invbived_ asv'well.l° Desic.ca:tion by itself does not
appear to be important in promoting se#uality. Cyclic thermoperiods may
: .not be a requirement for sex induction since a proloﬁged thermoperiod was
‘found to be more effective., The proposal that temperature is the pri'me

{
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sex-inducing factor agrees with the observation that sexual plants are
found only in‘the summer and only in the mid-tide, and that plants with
a southern exposure become sexual before plants with a northern ~exposure.

The spontaneous occurrence of Codiolum in cultures of male

_Urospora'wormskioldii from three widely different 1ocalities, and its

' absence in serial Subcultures at the same temperature suggests that this
is a natural and not a cultural phenomenon. In onier to account fer the
origirx and production 'of Codiolum cells in otriginal but not subsequent
sexually induced cultures, it'is'suggested that under ideal culture condi;
tions male gametes can develOp parthenogenetlcally. However, since'male |
ga.metes from nature or culture die when cultured free of Urospora, and
since the culture medlum in orlg:mal and subseciuent cultures was the same,
it is suggested that the parthenogenic development of male gametes is de~
pendent on a substance (or substances) produced by Urospora plants and
that the.substance ceases to be produced in'subsequeut subcultures.
2. Growth and fertility of Codiolum

The poor greuth of Codiolum in culture is hard to explain in
view of its sma;l size in nature and.in view of the‘luxuriant growth of
Urospora under tﬁe same cultural conditions.' Reduced growth of cultural
Codiolum was also obtained by Jorde (l933)‘and Kornmann (1961 Db, c) The
decrease in cell size with decrease in temperature 1mplles that growth is

dependent on temperature. The absence of fertility in all male and fe-g

male Codiolum cells of H.‘wormskloldll grown in liquid culture and its
‘ occurrence in female F3'Codiolum cells grown on agar medium suggests that
the agar medium is & more favorable enviromment for Codiolum. However, |
this may not be true since cells on agar were inveriably smaller than

those in liquid culture. Since Codiolum is found only in the high tide,
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it is. reasonable to suppose thaf daily pa'iodé of desiccation ’and heat
may be reqﬁired‘ for normal growth. - |

The studies of feﬁility in natural Codiolum show cleé.rly that
fertility is inhibited by daily warm thermoperiods and induced by cold :
conditions, That large_ cells 'becoine. fertile first in.dicates a vdegree
of maturity is required before feﬁility cen be induced. The data also
suggest that fertility cammences about four to six days after the begin-
ning of»the cold treaﬁnent‘. This lag in fertility would be of *Burv:i.vai |
value in areas where summer waber tan;peratuxjes apprba.ch 20°C for it would
ensure that plants become fertile only under relatively stable vcoo.'l_. af-
‘mospheric conditions as would occur with fh’e approa.éh of ﬁnter when
water temperatures 'rea'ch more tolerant leQelé for Urospora growth.. | Since
fertile plants were never encountered in the field at lower levels, or
at the lower limit of Codiolum, it is proposed that the lower limit is the
lowest level at which gametes or zygotes settle,‘and that these settle
orily during high tide periods. '

The resuits fram cultural studies are not as clear cut, making
‘ipterpreta‘bions difficult, The absence of fertility at 2000 is pfo‘bably
due to inhibition 'By tempefature , and its absence at _5°C to poor growth and '
. immaturity. The failure of cold ‘treatment following culturing at higher
temperatures .6r following daily. thermoperiods sbggests that either the
difference in tenperatm-es was not great e_znough or that fa;ftors besides
temperature are involved in the fertility response, Thé foxmer is prdbab‘-

ly the case since a very high pefcenta!ge of ferﬁlity" was obtained in

cold-shocked Codiolum cells of U, wormskioldii female clone F8, That other
factors are involved is indicated by the observation that the same cold-

shock treatments falled to induce fertility in Codioium from isolate URXl.
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If fertility is:dependent on a'témperathré drop and on'plant
maturity, £his would explaip why somé planfs reméin inferti;e thxoughéut
the winter months. Since sexualify,may.odégr on inﬁo Seﬁmember, Codiolum
plants iﬁitiated at this time would develop under much cblder éonditions
than fhose.developing in}thevsummgf;, These would experience a-far smaller
temperature drop which, dufing mild:wihters might not be suffiéiént to
induce fertlllty, and so the plants would. per51st to the next w1nter.

The abnormal products of fertile Codiolum cells from female
~ clones F3 (not cold shocked) and F8 (cold shocked) appear,to be due to
internal factors. Thege were proﬁably ﬁot due. to cultﬁfal conditions |

since Codiolum from Urospora vancouveriana grown in liquid or agar media,

always produced nonnal'zbospores. These abnormalities would be under-
standable if meiosis was an dbllgate feature of hap101d or diploid Codiolum

cells in U. wormskioldii.. However, if. this were true, one would expect to

find similar abnormalities in natural Codiolum and these were never.
encountered.

3. Cytology of Urospora and Codiolum

The fibrils in the walls of Urospofa and Cddiolum'zoospores have ‘
not been described before. According to Areschbug (1874), frintz (1932);
and Frye énd Zeller (1915) the«flagella in Urospora zoqépores originate at
‘the anterior end of fhe four ioospore ridges, ' However, in ﬁhé present
studg squash preparations of zoospores showed clearly.that the flagella
originate between the fibrils 6f the ridges, and hence between the ridges'

themsel#es. Since the ridge fibrils were found in zoospores of U. worm-

skloldll, U.. vancouveriana and thelr Codiolum stages, it is p0331ble that

they are a general feature of Urosgora. It would be of interest to

determine if this feature is also present‘in the acuminate quadriflagellate
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ZQOSpores of other members in the Ulotrichales (sensu Kornménn); It would

also be of interest to determine if the fibrils have any relation to

" flagellar roots as fohnd in quadriflagellaﬁe 2008pores of Ulothrix 8p.

(Manton; 1952) and other green filamentous algae (Mahton'ef al, 1955;

Manton, 1964). According to.theseAauthbrs, the flage;lar roofs arise be-

tween the flagella as do the surface fibrils in zoosPO:eé of Urospora.
The morphology.qf the nucleus and:nuclear divisioh'in Uréspora

are essentially the same as iq closely related genera e.g. Ulothrix,

‘ Spongomorpha and Acrosiphonia. The chromosomes in H; wormskioldii and U.

. ‘ : > - o 03 s )
vancouveriana are comparable in size to those of A. spinescens (Jdonsson,

1962) but much smaller than those of Ulothrix (Sarma, 1963) and Spongo-
| morpha (Jonsson, 1962). 'Iﬁlthe latter two genera same chromoéomeslmay
measure 5 u in length, whereas in Urbspora they seldom are 2 ., Chromatié
bodies occurring in Urospdralwere not réported in the intérphase qucleus
of the other species} | |

The decrease in Feulgen-sﬁainability of larger nuclei of_

Urospora and Codiolum may be due to properties of the nucleus itself or

to a spreading-out of the chrqmatin. The evidence for theklatter possiﬁ-
ility is that, with increasing ﬁuélear size thevFeulgen-staining chromatin
strénds become finer and more distaﬁtly separated until they became in-
‘visible. The.evidenée for'thevformer possibility is that thé chromatin
appears quite dense when stained'with Newcomer-iron-pfopibqanmine. It
may bg tﬁat some substanée inhibits Feulgen staining in larger nuclei.~_If
the chromaﬁin.does continue to iﬁcrease in amount proportionai to theA |
increase in‘nuclear volume? it is curious that fhe chromosomes in early
divisions ovaodiolum-are 50 small; Though ﬁaﬁy cells were observed

with nuclei of up to 30;p in diameter; early-division chromosomes seldom
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exceeded 3 u in length. By contrast, nuclei of Urospora, 10 u in dia-
meter, prdduced chromosomés up to é‘p-in iength.u_

The concentration of nuclei at the end walls and in the middle

of the celi in rapidly growing filaments or Ufospora wormskioldii and

U. vancouveriana suggests that nuclear migrafion takes place and that qell"

division is intimately related to nuclear concentration;. A similar dis-
tribution‘of‘nuciei was observed in U. mirabilis by dorde (1933). Cell
division, however, appears to Ee unrélated to‘nucleaf division for the

two occur independeﬁtly, at least in mulﬁinucleate cells. This may not

be true in germlings where the cells are initially uninucleate; Nuclear

migration has also been reported>in Acrosiphonia spinescens (Jéhsson
1960, 1962). In this species some of the nuclei migrate to the plane of
the future crosswall where they divide synchronously. .More'diétant nuclei

remain quiescent. The crosswall is formed directly after nuclear division

by'centripetal'grqwth. In Spongomorpha lanosa,'cytOgamy and karyogamy are
intimétely linked (Jéhssén 1962), The mode of cell division in U. speciosa
has not been studied. |

Yy, Variability and Speciation in Urospora

The wide range in morphology exhibited by vegetative filamgnts

of UrosPora wormskioldii in nature places much doubt on the'uselof purely
vegetativé characteristics for dilineation of Urospora specigs, és has been
done by Setchell;and Gardner (1920) for species from this coast. This may
apply as‘well to species -from Europe which show_siﬁilar yariabilitj (Printz
1932, Jordé 1933). In view of thié,the taxonomy of the genus; toAbe |
meaningful, must be baséd on sexual? life hispory end cytological features
.aé.well as morphological énes. |

At the presenf time, six taxa of Urospora may be recognized from
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Europe; U. bangiodes, U. mirabilis, U. wormskioldll var wormskioidii, u.

‘wormskioldii var biflagellatum, U. wormskioldii var caudatum and U.

speciosa. The first, second, fourth and sixth taxa appear to be distinct

entities; however, the remainder are questionable. U, wormskioldii var

wormskioldii, & low tide form, has not been found sexual in Europe.

According to Jorde (1933) it may be merely a grdwth-form of U. mirabilis.
According‘to Printz-(l932), H; bangiodes is synonomous withAg. mifabiiis,'
while Kornmanh (1961c) considers it to be a.diStinct species since 1t
d;ffers from others in that cultural plants have a single richly branched‘

rh1201d Kornmann (l96lc) considers U bangiodes and U. wonnskioldli

var caudatum to be asexual since these were never found sexual in the field
or when culturedfat various temperatures (3° - 15°C). Both reproduce via":
quadriflageilate 200Spores which, in the ,iatter ta.xé, are _#J.so capabj.e of -
giving rise to a.Codiolﬁmvstage.‘ Hié'evidence for the §rigin Qf Codiclum L
is, however indirect and therefore questlonable. To establish‘this;point'
the development of zoospores would have to be followed It is equally
possible that the Codiolum cells arose from a small number of gametes
which cohl& have gone undetected in‘éulture,” Korhménn's'conciusioﬁ that
both species are asexual is also.questiondble since the‘same tempefatures

_ failed to induce sexuality in U. speciosa and U. penicilliformis which

were found sexual in nature. In the present study several clones derived

from sexual and Qégetative filaments ing.'wbrmskioldii béhaved in a
similar manner; soﬁe failed to produce Codiolum while qthérs aid in‘gmountsv
ranging from one’ to over 500 per test tube. Unless pér%henogametic:
development of gametes is very low in culture- very few gametes would 5e
required,to producé‘these’fesﬁlfs.l.Thefappearance~of Codiolum cells ih‘;f'”'

8 out of 114 Urospora clones derived from a Codiolum cell from Deadmen's



Bay and none in the 500 clones derived from 50 Codiolum cells from
Tsawwassen can be used as specific examples. In the first case, though

the 8 clones were recultdred.at 50,'10O and lSéC, none became sexual or

produced Codiolum. Since ohly U. wormskioldii was present at Tsawwassen

and most abundant at Deadman's Bay, it is very likely that the Codiolum
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cells used to establiéh these cultures were derived from sexual U. worm-

skioldii. Therefore failure to obtain-sexuality in culture over the
temperature ranges used cannot be taken as prbof of asexuality. Of part-
icular interest is the clone URX1l (a low tide formm which I attribute to.

u. wormskioldii). This clone has been recultured many times over the

past three yearé?and, in two instances, produced Codiolum cells in great

abundance when cultured at lO?C; once after twelve months of culture and

once after twenty months.. On-the last instance this occurred in a growth

experiment involving various media. Of sixteen replicate cultures only

one of these produced Codiolum, this occurring in medium 4;(Table 2). Sub-

sequent cultufes in the same medium failed to produce Codiolum. ThbughA
2005poresjfrom this clone were cultured 6n liquid and agar,medié at 50,

10° and 15°C all developed into dwarf plants or filements. The failure

of URX1l to become sexual with anyiof fhe mefhods used Eh the present

study might indicate it to be a different species to U. wormskioldii -

perhaps an asexual one. However, further evidence is needed to be sure -

of this point.

| Though it is reasonable to expeét that asexual species of
Uréspora exist in-nature, means to obtain cdnvincing-qyidsggg for proof
of ésexuality at'present are not available, Transplantation Btudies

mighﬁ be usefully applied'tp this problem, 'Since Urospora is small and

easily cultured in large quantities, cultural material could be
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tfénsplanted to areaé in the intertidal where and when sexuality occurs
‘in other species. Trahsplantation techniques might alsQ'be used to study
the effect of habitét and seasons on growth and morpﬁology of Urospora. '
" In particular these wouldAbe useful in determining the nature of "asexual"
low tide forms, To facilitate this'type of work, an easily-héndled sub-
strate and labelling,technidue would be rgquired. Ceramics might be
~useful as a"substrgte since any éhape or textqre could be made. The
férric chloride-potassium ferrocyanide marking techniqué used by Astbury
- aﬁd Preston (1940) on Cladophora or Calcofluor White in conjunction with
fluorescent microscopy‘(Cole,'l96h) might be useful for labelling and
later identification.

The names applied to £he three Urospora species found in this
study are based on Setchell and Gardner's Key (léEO)»and are cénsideied
tentative. . Theée speciés show close resemBlapce to European types but,

because of incomplete or conflicting data, evaluation is not possible.

Type I designated as U. wormskioldii conforms very closely in gametangium

color and.gamete size to U. penicilliformis from Helgoland (Kormmann,

1961c), but differs from it in that the male gametes are spindle shaped,
the female gametes are asymmétrical and the male as well as the female

has a pyrenoid (Fig. 22). 1In U. penicilliformis both gametes are ovate

-‘and only the female has'alpyrenoid. However, these distinctions may not

be'§alid. In U. wormskioldii the small pyrenoid of the male gamete is
difficult tbvdistinguish uniess stained an@ the asymmetry of the female
gamete. is not assumed until :some time affer release. Kofnmann'did not
stain his material nor did he observe gametés over long>periods (peréonal‘
communication). Future investigafions of gémete morphology shohld take

the time element into consideration. Since sexualvmaterial of H.
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WOrmskioldii has not”Been found in Euroﬁe, & comparison with it is not

possible, Type I appears to be different from U. mirabilis in gamete
morphology and chromosome number; However, the description of>the gametes
of U. mirabilis giveo'by Printz (1932) is at variance with Jordeié des-
cription and drawings (Fig. 22). furthermore, the chfomosome number of four
for U. mirabilis was given by Jorde with some reservation so tha£ a mean-
ingful camparison caonot be made., Ho&ever; since bofh»gameies of g.
mirabilis have an eyeopot whioh is pxésent only in the male of Type I,
it would indicate that each is a distinct species, | |

On'the basis of 1nfofmation'presently available on life hisﬁory
‘and morphological featoresﬁn Urospora I am inclined to recognize fi&e
species from the Pacific‘Coést of North America; U. speciosa, U.

vancouveriana, u. wormskioldii, U. tetraciliata and U. penicilliformis.

However, the “last two are consldered doubtful entltles, since the un-

usual nature of the gametes in U, tetraciliata has not been confirmed

and- since sexuality has, as yet, not been recorded in America inﬁH.

Eenicilliformis*.g. dolifera, U, grandis and U, sphaerulifera are not
regarded by me as distinct entities sinoe they are known only from veg-

étative material énd they come within the range of U. wormskioldii., With

these reservations the following key is proposed as a tentative one for

 Urospora épecies which I recognize from this coast,

* Life history studies on Urospora penilliformis might be profitably done
in the Monterey Peninsula since only this species is recorded from that
‘area (Smlth l9hh)
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Key to Urospora speciegs

| 1. Uninucleate; monoecious; isogamous; filaments

under 60 u wide: 1 - 4 extramatrical rhizoids | " U. speciosa

1, Multinucleate; rhizoids intra or extramatrical

filaments up to 3 mm wide : 2

2., Sexual ’ . . ' ’ 3

2, Asexual; Codiolum arising from biflag-
ellate zoospores produced by dwarf plants
at warn tanpa'a{hures; £1ilaments up to 3

mn wide : : U, vancouveriana

. 3., Monoeclous; gametes qua.driflagellate;, isogamous;

filaments up to 225 e wide . U, tetraciliata
3« Dioecious; gametes biflagellate,ianisogamous, game=

- etes ovate, male gametes smaller; filaments un=

~der 100 jp wide ' s ‘_T._Y. penicilliformis
3. Dioécious;'gamétes biflagellate, anisogamous, |
male gametes smaller, spindle shaped; female
gemetes asymietricel, slightly curved, twisted

and havingé or more blunt 1ongit\idinal_ ridges; '

filaments up to 1200 j or more in width U. wormskioldii -

. Type II designated as Urospora vancouveriana is very similar to ‘-

' Kornmannts (196% b, c) U. wormskioldii var biflagellatum from Helgoland, :
with this similarity extending to the temperature requirements for the

' production of the'biflagellaté zoospores, These aie of similar size in

both species but in _I__J; wormskioldii var biflagellatum they are ovate’
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whereas in U. vancouveriana they are acuninate (Fig. 22), This difference

" may not be meaningful since Kornmann aid. not study the biflagellate zoo-

: sporés over lengthy perliods.. Kormmann has observed zoospores with pointe .
‘ed ends which were not mentioned in his paper (personal c_omnuﬁic‘a‘bion)",
‘suggesting that a similar change may take place in the biflagellate zoo-
"spores of 'l:hié species over time, The main difference in the two species
is that the fertile z:ooséomhgia, roducing biflagella‘be'zobspores, in U.

wormskioldii var biflagellatum are warty at the apex but smooth in u.

vancouveriana, Comparison of the two on filament characteristics is not

possible, since filaments of U, wormskioldii var biflagellatum have not

been found by Kornmann in nature,

'I‘ypeh III is designated as Urospora speciosa, because of its

close resemblance in vegetative ‘featpres to that species at Helgoland

as described by Kornmann (1961c) .andlbe'cause the Helgoland fype is also
winucleate (Ko:hmann, personal connnmica.tion). "Fur‘bhe'r life history
information is needed for the American type, howéver, before 'bhe two can
be eduated.’ |

The discovery of a uninucleate ‘species of Urospora is further

evidence for the evolution of Urospora from Ulothrix. According to the
precedent set by Wille (19005 for sepé,ra’cing genera on the basis of
nuclear condition, a new genus could be e:ﬁec‘bed Tor uninuc.lea,te Urospora
types ;a;s well, In view of the coni‘usi(;»n that has resulted by creating'

new genera in 'the Acrosiphonia-Spongomorpha complex, it should ‘be avoided

mtll cytologicél as well as'life history information is available for
other species, |
- 5.. Variability and Speciation in .Codiolium

3

The. variability in the morphology of natural Codiolum appears

\
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to be due to environmental conditions, Similar variability was oﬁserved
. for European forms by Printz .(1932) and Jorde ‘(-1933), who éonsidered
“these to be mérely variants 6f Ce. grégarium A, Bramm, The two types
encountered in the present study, C. gregarium and 9_.‘ pﬁsillum, a.re. cone=
sidefed to be synonymoué and'Ato belc;ng to ;l:he life history of U, _V_r_o__r_m:_
skioldii for the reasons that: they were found only in arveas where U.

“wormskioldii was most abunda,nt; they have the same chromosome humbe:r_':.- as-’

U, wormskioldiij;and Urospora clones derived from them,vhen cultured at

15°C ,behaved like U, wormskioldii, However,. 1t obviously cannot be con=":

cluded that free living Codiolum forms in othei' localities belong to this
species, This would have to be determined from cultural end cyfologi.ca.l A
" studies, |

Codiolum petrocelidis is considered to belong to the ,life.

* history of S, coalita because of its close association with that species,

According to Fan (1959), Co_petrocelidis is multinucléate, In this study

the plant was found wninucleate from April through to September, only be- |
coming multinucleate duﬁng the fertile period in the winter, Fan's
observations of the nuclear condition seem to have been‘\on c‘ulturai '
plants alone so that his resﬁlt_s ‘are not to be equated with cOndifions.

in the field, . A' - o

The different forms and orientations of Codiolmn\ggtrocelidis

ce_]_'Ls observed in this study are best explained by asswnihg that the cg]ls

are capable of reversing their direction of growth, The direction of growth
is suggested to ;be 'governed by light _intensity, a high intensity promotir;g .
doianward. growth éf the protoplast and low light intensity, upward gmm. |
Thi‘séwould be in accord with the observation that plants at ﬁighér latia |

tudes (Helgoland 54°N) grow mainly stipe down and plants at lowver latitudes
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(Monterey, California"36°N) grow stipe up. This hypothesis could readily
be tested with culture or'fransplantation studies, Growth reversal would
also explain the significance of the lateral stipe appendage observed by
other authors e.g. Kuckuck (1894), Zimmerman (1925), PrintZ'(l926);
Kornmann (1961&). (Their drawings ére brought together'in'Fig. 36 for
comparisoh purposes), The appendage would merely represent the first-
formed stipe, There are two facts favoring:this pm0poéa1: the appendage
' is always directed upwérds and its "V" shaped lamellations point in the
opposite direction to thpselin the stipe proper. |
| According to Zimmerman.(l925)4the lateral appendage is a sec-

ondary outgrowﬁhvresulting from the swelling of the wall where the ﬁall'

is poorly attached to thé cell, It is nbt clear whether he was refer:ing

to the outer sheath or inner walls , but the former seems the case,

Jénsson (1962) <_:oncludéd. that in 'Britta.ny, France, C. petrocelidis:
éha.nges its di'rection‘of growth, but in sovdoing regbsorbs the .Il'irst
formed stipe, In the latest stage the first stipe is represented by a
thickened vapi_c'ai cap (Fig. 36 D ;4»~f). Jonsson's conclusion. is based

mainly on development of zygotes of 'Acrosipho'nia spinescéns in culture;

the figures from néture shovn here being arranged to-conform with cﬁltural
observations, J6hsson,,however; daid not_Suggest‘any reason for the change-
in growth, ' | | | o |
In order to obtain cells with appendéges‘one‘would havé'to

asgume - that in this area reversé»growth occurs by the protoplast bulging
out latérally andlﬁhen bypassing the stibé. The fact thét'the lateral

:' appendage can be found anywheie on the stipe indicates that gro#th of the
outer membrane about the clava is diffuse, dtherwise, ifvgroﬁth occurred
oﬁ]y ét thé advancing a:d‘pf‘the‘protop.‘l.as't‘:, the lateral appenaa.ge would

; .



always be located at the base of the-maiﬁ stipe,

Thbugh the descriptions of the morphology of C. petrocelidis

are at variance' in regards the stipe, to date all investigators, except’ '
Kornmann, regard the plant to be unicellular. Accord.ing to. Kornmann .
(19619.), the septa.-like structures he observed in developing cultural

'zygotes of Spongomorpha la.nosa (Fig. 36 G) and those observed 'by Fan

(1959) in developing zygotes of Se coalita (Fig. 36 F) 'reflect an - early

A multicellula.r condition, However, though Fan did not follow this devel- . ,.
omment in detail, he clearly stated that the cells are unicellular,
Hollenberg (19585, who worked on _§. coalita from the same area as Fan,
‘found developing'zygotee to have an aseptate. stipe (Fig. 36 H) indicating
that’septa.tion is hot an obligate feature, Jénsson (1958) ,.-who observed

- similar septa.-like structures in .zyggtes of Acrosiphonia spinescens

(rig. 36 E), rega.rds' these as pseudosepta (personal communication).

Kornmann did not follow development of C. petrocelidis in the field but

agrees that in nature C. petrocelidis is unicellular (personal communica-

tion). The septa-like structures found in the present study are regarded
to be mei'ely the result of wneven ‘deposition of .pectic la&erfs in the
stlpe. It is also suggesf.ed '-thatv the mode of stipe growth (deposition'.of
peetic leyers by the protoplast) rules eut a multicellular condition,
Howeirer, since ﬁﬂe@t specieé are involved, Kornmann's interpretations
cennot be ruled out.: A careful cytological study on the ea.zv'ly development ,
of zygotic material from Helgoland is therefore urgently needed, |
6. Cytochemical studies |

- The cytochemical studiea have shown that there are qua.lita‘c:.ve

and qua.ntita'bive differences in the walls of Spongomorpha and Urospora, bt:b

not in the walls of thelr respective Codiolum stage, All four forms have
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an outér meMbrahe'possessing.the commbn characteristics of being éingly
refraétive under polarized light, insoluble in slug cytase, concentrated"l
HC1, or'Schveitzer's reagent, and of giving a negative testvfor cellulose,
éhitiﬁ, pectin, or fat, Three types of‘membfaﬁes appear to be involved -

since only that of Urospora dissolves in ZnClI, or Schweitzer's reagent

after brief heating in concentrated HCl, and 6nly that of Spongomorpha

is insoluble on autoclaving in 23M KbH. The inner walls of Urospora and

" Spongomorpha differ in that pectic Eoﬁpoﬁhds seem predominant in the formef
and cellulose in the lattef;f’The inner walls of the Codiolum types are
bectic and lack cellulose, The pectic component in all foxmé~appears to
differ from that of higher plants, a feature also noted 5y Agtbury and
Preston (1940) for the'pectic component in the walls of Cladophora.
 Some aspects of these results are in ccnfiipt with those of
Jénsson (1962) and earlier authors. Bfaun (1855) feported that the oufer

membrane of Codiolum gregarium gave a dark color'with IKI - HéSOh, which

;changed to greén5 but never blue, on ‘addition of ZnClIe.' I couid qoﬁ
verify this color change. Zimmerman (1925) obtained a slight blue color

in fhe anterior part of the éell with IKT - HéSOh,‘otherwise the oﬁter
membrane rémained anstained, He found this membrane gave.no stain with
methylene blue or congo red and was insoluble in the cellhlose.sdlvent, '

' cupric-ferric-ammonium hydroxide and that the inner wall material. dissolved
. readily in concentrated sulphuric aéid. 4Zimmerman concluded that, inA_
addition to a small amount of cellulose, the membrane is composéd of soﬁe'f'
other material but not pectin, J6ﬁssop (1962) failed to obtain a positive

test for cellulose with ZnCll, in Spongomorpha, Urospora, Acrosiphonia,

and also Cladophora, Rhizoclénium, and Chaetomorpha., In all of these

he reported the cellulose fraction to be insoluble in‘échwéitzer's reagent.
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and therefore different from that qf higher piants. waever, it appears
that hé did not pretréat for removal of'pectiC'compounds. It has been
demonstrated in the present-study and much eaflier by Wurdack (1923) and
Tiffany (l92h)»that pectic compounds act as a barfier to this_cellqlose‘
solvent. Accofding to JS%sson (1962) the outer membrane in Urospora;

'Spongomorpha and Acrosiphonia contains pectic materials, since he found

it to stain with ruthenium red. However, this membrane is so thin that
coloring in adjacent layérs'might be|attributed fo it, If pectin is é
component it would have to be present in'small quéntities,’since the
'membrane does not change noticeably in thickpess af'ter treatment for
removal of pectins, |

A similar non cellulosic type of membrane has. been describéd
“occurring in Cladophora (Brand 1901, Wurdack 1923), Bulbochaete (Tiffany :
1924), and Oedegonium (Hirn 1900, Wurdack 1923). Cytochemical tésts
indicated the membrane to be chitin in Cladophora and Oedegonium
(wurdack 1923) and Bulbochaete (Tiffany 192k). 'Astbury:and Preston’
V(l9ho) confirmed the presence of chitin in Ciadophora,.using‘cytochemical |
and'X;ray diffraction techniques,‘but did not localize it. However, more
recently the exisﬁence of chitin in Cladophora has been placed in doubt,
Frey-Wyssling (1959), using X-ray techniques, and jéhséon (19625, using |
in addition cytochemical techniques, failed tq demonstrate itg presenée
in Cladophora. Though no conclusion @an be made concerning the composi-
tion of the membranes as reported, it appears that<a substance.differenff

to cellulose and chitin is involved.

The banded appearance of thé protoplast of Codiolum gregarium
‘seen under polarized light, both before and after treatment with HC1,

suggests the presence of oriented structures within the cell. The presence
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of ”mlcrotubules" as found in root tip cells of several higher plants
(Ledbetter and Porter, 1963) would provide an explanation for this
:banding. It has been suggested by these authorSfthat the "microtdbules"”
" may be related to the deposition and orlentation of cellulose in theA
cell wall, simce a correlatlon has’ been found in the orlentatlon of cell-
ulose fibres and the "mlcrotubules ; This hypothesis would not apply
_here, however, for the eheatheand iriner walls of Codiolum appear to be
non-cellulosic, |

Differences in wall ccmposiiion as revealed by X-ray diffractien
techniques have been used4for taxohomiclpurposes. Jéasson (1959b) used
his X-ray data as supporting evidence for the inclusion of Urospora,

Spongomorpha and Acroslphonla in his new family, the Acr031phon1aceae,

- while Kornmann (1963) uses the data of Nicolal and Preston (1952) as ,

supporting evidence for the inclusion of Urospora, Ulothrlx, Gomontia

and Monostroma in the Ulotrichales (sensu Kornmann) and the exclusion of -

AcrosipheniaAand Spongomorpha from thie order. HoWever,_intefpretations
of X-ray data obtained from studies on untreeted bulk material, ae done
by theseAauthors; have been questiened., Frey and Preston (196l).found
thet iﬁ a number of cases thejaMbiguoué ;esults obtained from some algae
in the_early work of Nicolai and Preston (1952) were due to contaminatione
of clay minerals. Also, Cronshaw, Meyers and Preston (1958) have shown
that X-ray diffractien patterns are influenced by other wall components.

| The results obtained in this present study indicate the valls of =~

Urospora and Spongomorpha to be different but the walls of their respect-

ive Codiolum stages to be the same. These results at once imply both a
closer and more distant relationship of the two genera. .Clearly, wall

studies on algae having hetermorphic life histories should include all'_
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stages to be of full taxonomic value. .

7. The Acrosiphonia-spongomorpha complex, -

' The taxonomy of the Acrosiphonia-Spongomorpha complex has been

in a confuséd state for some time., Part of this confusion is due to
Wille (1900), who proposed the refeb£ipn of the two genera and the rele-

gation of uninucleate types to Spongomorpha and multinucleate types to

Acrosiphonia, Setchell and Gardner (1920) preferred not to draw a dis-

. tinction for West Coast North American types until cytological informa~

 tion was available, Smith.(1946) re jected Wille's ‘proposal cémpletely, |
feeling that aside from nuclear éondition the ‘Ewo genera agreed in all |
other respects,. Jo/nssqn (1957) was the first to discover ,opez.'cuiation‘ '

in Acrosiphonia and since "ch‘en Kornmam (1962) has come to regard it as a

distinctive feature of Acrosiphbnia. Hdwevei', Jénsson also accepts its

uninucleate condition as a distinctive feature.. On the other hand,
Kornmann rejects WiILle'é proposal, pointing out that multinucleate as . -

well as wminucleate specles exist in Acrosiphonia, He gives no . examples

but it appears he is referring to S. coalita from America (Fan 1959). 1In
addition to operculation, Kornmann, on the basis of his studies, recog-

nizes an isomorphic life history as the distinctive féatl.tr_e of Acrosiphonia

and a heteromorphic life history aé the distinctive feature of Spongomorpha.
Kornmann would therefore cla:'_.m S. coalita as a true m_anber of the genus

Spongomorpha. Jonsson (1957, 1959a, 1962, 1963), however, claims

Acrosiphonia in 'Brittany, France to have a hetei'nmorphic life cyclé and,

more recently (1964 a, b), ‘has presented additional evidence to support
this claim, Jonsson poih‘cs out that Kormmannts failure to obtain Codiolum

from zygotes 6f A, arcta may be due 1:6 a complete Pailure of karyogemy

since Jonsson reported that karyogemy in A. spinescens (= arcta,
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Kornmann 1962) is facultative. According to Jéhsson, when karyogamy

fails, ordinary Acrosiphonia plants are produced and when it occurs

Codiolum is produced Recently, Kbrnmann has come to consider A, arcta
at Helgoland to be a dlplont (personal communlcatlon) but glves no
cytologlcal ev1dence for this,

The dlocovery of operculataon in Spongomorpha coalita nOW'makes

it pbssible, at least for the present, to clear up this area of confusion,
Since both Jé%sson and. Kornmenn agree that operculation is a distinctive

feaﬁure of Acrosiphoniaqﬁhen S. coalita should probably be relegated to

the genus Acrosiphonia,. D01ng this would mean recognltlon of 8 hetero-

morphic life history for Acr051phonia and acceptance of W1lle's basls for

‘distinguishing the two genera since S. coalita is multinucleate and has a
heteromorphic life history (Fan 1959). Formal transi‘er, however, should
await examination of the type speczmen. '

- Until more convinéing'evidence is'brought forth, the sporophyte

of Spongomorpha should be con51dered unicellular. Recognition af this and

a heteromorphic life history in Acrosiphonia re-establishes the bagis for '

Jdnssonts family, the Acroglphonlaceae, and at the same tlme, removes

the main barrleru tp the inclusion of Acrosiphonia and Spongomorpha in
the Ulotrichales (sensu Kbrnmaﬁn). The pfesent‘author,'hgwever,'is of
the opinion that Urosporé should“not‘bé placed in the Acrosiphoniacéae
because of its asexual reproduction by means of acuminate Quadrifiagellahe
200Spores, |

Conflicting reports concerning the life cycle of Acrosiphonia

arcta (= é; spinescens) at Helgoland (Kormmamn) and Roscoff, France,
(JSnsson) may indicate that a greater variability and flexibility in
life histories occur in this complex than has been suspected, It is

clear that future life history studies in this group should be Very

v
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critical, The discovery of facultative karyogamy in Acrosiphonia by

Jonsson (1962, 196k a, b) emphasizes that cytology should fonn an integral
part of such studies, Investigation of- North Amerlcan species in the

Acrosiphonia-Spongomorpha complex should be particularly rewarding, since

six spécies of Spongomorpha are'reéérded from British Columbia, and
northern Washington (Scagel, 1957) and four spécies from the northeastern
- coast of America (Taylor, 1957). :

8. Theoreticale cohsiderations‘on the origin of Codiolum

According to Jorde (1933), the diploid Codiolum stage of
Urospora can be considefed as an a&vaﬁced zygoté. Though she gives no
evidence to support this view, it is put‘forth,‘presumably;‘on the basis‘
that_Codiolum exhibits:growth over a prolonged period.' These studieé :
demohstrate’that Codi.olum ﬁay have a life span of over six‘months, and
- that during this period'growﬁh.may be continuous, Certainly, the Codiolum
stage cannpt be viewed as a resting'zygote as is found in fresh‘watef

algae, Jonsson (1962), on the other hand, considers the Codiolum stage in

Urospora; Spongomoxpha and Acrosiphoﬁia to be a much reduéed sporophyfe

and suggests that in the latter two genera this reduction has came about_:
as an adantatioh to an enddﬁhytic habitaf. waever, as he states,'this
explanatlon loses some of its value when one con81ders that the sporophyte ‘
of Urospora is never found endophytic, though 1t is Just as reduced in

form. In support of his hypothesis, ansson draws £rom 1nformat10n-op )

~ life histories in Stigeoclonium, In'Stigeoclonium subspinosum ﬁhe'sporo-'

phyte consists of a few cells, whefeas in Stigeoclonium amoenum it is a

single cell, (Juller, 1937). Jonssonts reductional hypothesis is in keepw
ing with the hypothesls put forth by Fritsch (19%2) that heteromorphic |

- life histories in the algae have arisén from isomofphic'ones.
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The hypoﬁhesis that the diploid state in algae;has'arisen by
prolbngation and further development of a.zygote (Smith, 1938) could be
applied here as well. In this.éase competition.for substrate light énd'; ’
nutrition wouia be major factors afféctiné the survival of the zjgote. |
This would be true, however, only on the assumptlon that a rich. algal
flora existed at the tlme when the green filamentous algae were under-
going evolution from a haplontic to a haplodiplontic way of llfe. In.
meeting this cdmpetition'the newly'formedbzygoﬁe could fake one of.éeveral"
steps to ensure its'reténtion in the'life cy;le. ‘The zygote could become
fertile, soﬁn after formation, to regenerate the héploid form. Nuclear
division could take plaée.to give rise to a cdenocyte, or ceil diviSion
could take place to'give rise to a mﬁlticellular form different or iden-
| tical to fhe haploid genefation. Lastly, the zygote stage could be pro-

longed.. In the last instance, competition would be very great unless &

site were selected where competition could be avoided. Urospora, Acro-.

siphonia, Spongomorpha, Gomontia and Monostroma all possess the upique"

feature that their Codiolum stages occupy habitats where'competition is.
-virtually absent. The extreme conditions of the high tide habitat of the

Codiolum stage of Urospora 1s tolerated by few'algae. Thé ehdophytic hab-

'itat of the Codiolum stage of Acrosiphonia and Spongomorpha, in various red
algae is protective. Similarly the burrows of the Codiolum stage of

Gomontia and Monostroma in mollusc shells are protective.‘ It is thereforej"

equally reasonable to suggest that the heteromorphlc life cycle in these
'gene;a arose directly from haplont_ancestors.

While either hypothésis may be true, adherence to:the first,
that a heteromorphic iife ;ycle arose from an-isomorphic oné by reduction;

would require explanation as to why the dibloid rather thanfthe haploid
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genefation should have been reduced in these five closely related'genera.
and why this reductibn went so far, If Kornmann is.correct,. that

Acrosiphonia arcta at Helogland is a aipiont and that .the zygote of §.

lanosa in culture is mﬁlticellular, this would provide convincing evidence
for Jonssons reductional hypothesise

V. FINAL SUMMARY

The distribution, morphology;'cytologyvand’cultural behavior
of Urospora and Codiolum‘(free living énd-éndophytic) have been studied
from a number of 1bcali£ieé witﬁ;n é yadius of approximately 100 miles
of Vancouver, British Columbia. o

Urospora wormskioldii (n = 12) is the most common species, rang=-

ing from low to high tide 1évels; being densest in the mid-tide, It is
dioecious, anisogamous and has three somatic_stages,ldwarf, filamentous
and Codiolum, The vegetative characteristics of thé filament stage ave
extremely variable and depend on the substrate, locality and season,
Cultural plénts show a similar variability,.though‘not és great; The .
Codiolum stage arises from zygotes, fema;e gametes and probably malé,
gametes. C. gregariumxand g; pusillum, as found in the areas studied, .
are considered to be merely form variants and to belong to thellife

history of U, wormskioldii, Fertility in natural Codiolum is inhibited

by short deily thermoperiods end induced by cold conditions, On fertility,
natural and cultural Codlolum produce quadriflagellate zoospores which
give rise to the filamentous or dwarf stage. The last two stages ré—
produce asexually via similar‘zoospores; Sexuélity occurred spontaneously
in many Urospora clones cultured at lO°C., continuing,through several
serial cultures of female filaments buf stopping after the first.cﬁlture

of the male filaments. TFollowing loss of sexuality in culthre, a long
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thermoperiod during meximum filament grdvrbh followed by nutrient repléﬁ.on
successfully induced sexuality in several Urospora clones. Nuclear div-

ision was Tollowed in natural Codiolum but meiosis was nQ'b demonstrated,

Urospora vancoweriana (n = '9) is a large low tide form and was
found in o'rily one locality. It is an aééxual species having filamentous,
dwarf and Codiolum stages. Cultural fiiaz’ngnts are indistinguishsble fram

cultural ones of U. wormskioldil, All three stages produce quadriflagellate

zoospores which form either dwarf plants or filements, In addition, dwarf
plants vhen cultured at warmer temperatures, e.g. -15°C, produc'e biflagellate

zoospores which give rise to 'bhe_ Codiolum stage.

Urospora speciosa (n = 7) is a very slender form Jmown from a
few filament‘ fragments o'b'taiﬁed fz‘bm. the low tide at one locality. _Fil-
amentous and dwarf stages are present, both of which reproduce via |
qua.driflageilafe zoospores, Other features of' its life .histofy are ue-
known. U. speclosa was dliscovered.'bo be }minﬁcléate, this being a unique

feature in the genus, Since Urospora dolifers, U. grandis and U.. sphaerul- .

ifera are known only from vegetative material and since these species come

within thé range of U. wormskioldii they should be regarded as doubtful

entities, The discovery of a uninucleate condit;ton in Urospora speciosa
provides Turther evidence for the hy’iaothesis that 'Urosgra evolved from
. Ulothrix. Rather than create 8 new genus, it is suggested that this be
| avoided until cytological data for other species becomes available. ‘
Cﬁochemical tests were con_duéted on the walls of Urospora

vormskioldii, U. vancouveriana and their cultural Codiolum stages; C.

gregarium, C, pusillum, _q; petrocelidis and Spongomorphs coalita, The

results indicate "bhe inner vell walls of Urosporva and Spongomorphalé.re A

camposed of cellulose and pectic ma’oerial; with pectic materials
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predbminating in the former and cellulose in the latter. The inner walls
.of their respectivé Codiolum stages are pectic. The pectic material in
all forms appeafs to be different to that of higher plants, The outer

ensheathing membrane of Urospora, Spongomorpha and the Codiolum types

" is composed of an unknown substance which gives a 'negative test for
cellulose, pectin, chitin or fat., Three types of membranes appear to be
. involved, of which the Codiolum types are the same,

The differences found in the cell walls of Urospora and Spon=-

- gomorpha indicate a more distant relaiionship of the two genera, while

the similarity of their Codiolum stgges indicateé a closer one, Obvious-
ly, to be of taxonomic value, wall studies should include all stages in
life histories of algae having an élternatidnvof heteromorphic generations.
These studies also point to the need for re-examination of other green
filamehtous algae reported to have an outer membrane of different nature

to cellulose,

In the areas investigated, Codiolum petrocelidis, found as an

endophyte in Petrocelis franciscana, isvsuggested to belong to the life

history of Spongomorpha coalita. Morphological and developmental features

of the cell are described. The protoplast of-g. petrocelidis may reverse

‘its direction of growth. The direction of growth is suggested to be
governed by light intensity. Accordingly, the mode of growth rules out a

multiceliular condition for C. petrocelidis.

Spongomorpha coalita from this area and from the Monterey

Peninsula, California where the major investigations on this species have
been conducted, is reported for the first time to have operculate
gametangia. This discovery supports a transfer of this species to the

génus Acrosiphonia. However, formal transfer of the entity should await

‘comparison with the type specimen, This transfer would validate a previous
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distinction based on nuclear condition. At the same time, it would verify

-the occurrence of a heteromorphic life history in the genus Acrosiphonia.
Until more convincing evidence is presented, the zygote forms

of Spongomorpha and Acrosiphonia must be considered unicellular, This .

removes the main objection to the inclusion of the two genera in the
Ulotrichales (sensu Kormmann) and, at the same time, re-establishes the

. , - ] - .
basis for Jonssonts family, the Acrosiphoniaceae,

Consideration is given to the possible origin of the Codiolum
stage from a haplontic life history as an alternative to Jénsson's (1962) -

reductional hypothesise.
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TABLE 1

June
, NO. OF | 1963
- COLLECTION SITES: CLONES ESTABLISHED AND FIELD TRIP DATA (June, 1963) = '
M - Mid-tide
UROSPO!
H - High mid-tide E RA § 5
POSITION L - Low tide 4
g CLONES g g § =
NO. | COLLECTION SITES LAT. N.[LONG. W. DESCRIPTION OF AREA & | sproup éfﬁgﬁ
VANCQUVER ISLAND, B.C. °c 7/ ° 7 i O A4
2 Sidney 48 139 [123 23 |Foot of Beacon Ave., 100 yds. south M1 S |-
3 Oak Bay 48 25 (123 18 |Below the Towers Apts, 1270 Beach Drive Miif, 14| s |¢C
4 Ogden Pt. breakwater*® 48 24 (123 23 [South side of breakwater and adjacent beach M 19-. 14| s |¢C
5 Esquimalt 48 25 [123 26 |South of Yarrows Shipyard, 200 ft. (Duntze Head) | M | 1 S
8 Long Beach 48 59 {125 37 |South of long Beach Store, 100 ft. ‘ { ﬂ 15;' 14! s
. f1H |1 -
9 Port Renfrew 48 31 (124 27 |Southwest area of Botany Beach - M| 1% S
L1
‘ : H|1
'10 | Point No Point 48 23 |123 55 |About 125 yds. northeast of the point M 19»6 14| s ¢
’ Lil61M
11 Kelsey Bay 50 23 |125 58 |Below Kelsey Bay Dock and north 100 yds. L 1o - |-
12 Campbell R. 50 01 [125 13 [South side of Discovery Crescent jetty M1 T |-
13 | Qualicum Beach 49 21 [124 27 |Areas with boulder outcrops M1 ? |-
14 Departure Bay 4g 12 [123 57 |Southeast of ferry slip, 200 ft. M1l -
SAN JUAN IS ,WASH,U.S.A. : H| S5 C
15 Deadman's Bay 48 30 {123 08 |A small bay 700 yds. south of Deadman's Bay { M|1%, 10 S
L|s, 28t
16 | Friday Harbor . {48 331123 00 |Below the new laboratory M1 s |¢C
FIDALGO IS,WASH, U,S.A. - :
17 Anacortes 48 30 (122 w1 East of Shannon Point to the Gulf Island Ferry M 19_' 18! s le
] Terminal
VANCOUVER, B,C [|H |5 c
18 Tsawwassen Ferry jetty 49 00 |123 05 {On both sides of the jetty past the ferry depot { M 39. b4 s
-L | 10,10,10
19 Pt. Atkinson 49 20 |123 16 |Northwest of lighthouse, 50 - 100 yds. M1 S |-
GALTANO ISLAND, B.C.
20 Porlier Pass 49 01 {123 35 [Below the Virago Point lighthouse M -

! Urospora speciosa, !! Urospora vancouveriana,

* Also referred to as the Victoria Harbour breakwater,

J‘Urospora wormskioldii

°T8



TABLE 2

PILAMENT GROWTH IN UROSPORA WORMSKIOLDII

82.

I ?3 o M 42 DAYS GROWTH
Q 3 0P = 5] Relative Density
;: ;3 Sl E%%i E - g? 2 =] | ee——

S 5 SR g o yea e = H g N EApprox. Filament
518 2 8 & 8 248 3 8 H B & [Hensn (n)
AR |ml. wme. mg. mg. mg. mg. ml. mg. g.MZ. Mg Mg D T2 3
1
1 | 2000 2
( SEAWATER )
1
1000 50 100 20 2
2 ( ERDSCHREIBER ) 3
1
1000 72.2 8.8 0.5 500 10.5 : 6 2
3 (SwrT) 3
_ 1
, 1000 72.2 8.8 0.5 500 10.5 6 10 0.02 |2
( SWII + BIOTIN + THIAMINE + Bl2) 3
1
5 |1000 72.2 8.8 0.5 500 %
(SWIL) !

* Bar width represents approximate fraction of flask-bottom covered with
filaments,



TABLE 3

83.

GERMINATION OF SINGLE ZOOSPORES AND CARRY-OVER OF SEXUALITY IN UROSPORA

- WORMSKIOLDII FEMALE CLONE F1i1

v/ Germination occurred >Sexua1 T Codiolum

B Abundant filament growth, filaments 2-3 cm long,
Sol. 1 = Seawater
Sol. 4 = SWi + Biotin, Triamine, B12

Scl. 5
* TR

SW1

. GERMINATION and GROWTH of ZOOSPORES SEXUALITY ON
=] Py ~ = SUBCULTURE in
alel o N 0 o URl at 10°C.
= H| - - -
2 3IR| |3 & 3 o DEC. | JAN.
i S| < ] = A
DAY | 013 |48 103 133 w3 | c cls|c|s
1| |v|~500 (9 celled) ég" ~§ = 1 t =2t | >
_ >""old . &
2 v |~100 " = Al A t Tt |t =
13| [V |~ 40 " Lo ER A3 1 1 t | >
: o a|oo :
b SRR
~ol< v
51 |¥]|1only (5mm) Sa |m 38 t U =
1 |v|> 100 1-2 cm, | ? ? >
2
3 v |>100 " \ 1 t > S
4| |[v]>100 n * t t =t >
W5 | 1¥]>100 " ? ? t &t | >
6| |v|>100 n t ? ! (=1 >
-
015
9 |&l{v|>100 " * 1 1 | >
10 | @l v |> 100 " t ! 1t >t | >
3
2 [B|v|>100 " t 1 T =2 | >
513 v | >100 " ? 1
I v |>100 " t = \ EIREE
5 v |>100 " 1 H t t >

SW1 minus TRIS; supplemented with 6 ug/l Biotin, 10 pg/l Thiamine,
0.02 pg/l B12 '
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TABLE 4
GERMINATION OF SINGLE ZOOSPORES‘ OF UROSPORA WORMSKIOLDII MALE CLONE M24
COMPOSITION OF MEDIA USED

COMPOSITION 5-1 -|5=2 |5=3 |5<4 [5-6 |5-7 [5-8 |5-9 [5-10]5-11
SEA WATER (32.7%) ml. [1000 {1000 [1000 [1000[2000 [1000[1000 |1000 |1000 [Z000
KNO4 mg. (72.2172.2172.2172.2 72.2172,2172,2172.2
KHo POy, ng. 8.8] 8.8} 8.8| 8.8 8.8| 8.81 8.8 8.8
NaNO3 ng. - 100 | 100
NapHPOy mg. - 20 20
Fe EDTA mg. 0.5} 0.5] 0.5} 0.5 0.5
TRIS mg. |1000| 500 250 0 1000 | 500 | 250 0
SOIL WATER ml, - 501 50

a 1
Growth after > 5

= I[
50 days culture 23

. ]
e 4 .

| Sparse growth, filaments under 2 mm long.
B ivundant growth, filaments 2-3 cm long.

TABLE 5

EFFECT OF TEMPERATURE ON FERTILITY OF NATURAL CODIOLUM

D - Codiolum gregarium from a rock at Deadman's Bay.

F - C. gregarium from a log at Friday Harbor

Sept. 22 - Oct. 29, 1963 0/0 FERTILITY
1°¢C 0 DAY 4 8 10 14 16 28 % 32 % 3% 38
o |D|o 0 40 100
Flo 0 40 100
10° | D |0 0 1 100
F|0O 2 2 100
150 | D |0 0 0 Ol DISCONTINUED
Flo +5 0 10 Returned to 1OGC g
20° |2 |0 0 0 OLDISCONTINUED -
Flo 0 0 O ™ Returned to 10°C o




TABLE 6

85.

EFFECT OF THERMOPERIOD ON FERTILITY OF NATURAL CODIOLUM

Sest. 19 0/0 FERTILITY |

1963 01DAY 456789101112 1317 18 19
CONTROL 0 60

TEST .O Thermoperiod OI 19

15 fertile
51 not fertile

9?{13 in nuclear division

Thermoperiod - 8 hrs at 15 - 18°¢ coincident with an 8 hr photoperiod,
Basal temperature - lOOC.

TABLE 7 -

EFFECT OF COLD SHOCK ON FERTILITY OF CULTURAL CODIOLUM

8L$
UrXl

CONTROL NOT FERTILE
CONTROL NOT FERTILE

Codiolum 0/0 FERTILITY

Isolate No 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16
s1L? ¢ 0 18,8 8.1 #.6 61.1
[T;E 32 57 65 54

; 0 - 0 ) 0
Urkl 100 100 3L 8%
0 12 9.k H.5

52 85 55

0 0 0 0

TCE 100 100 106 107

TCE - Total cells examined,




TABLE 8

EFFECT OF TEMPERATURE ON FERTILITY OF NATURAL CODIOLUM

Origin| o ootes w2A & | Fil g URKL F3 9
Temp. (8L x 18-3)

5% - - - - -
10% one cell - - - VE%
15°¢ - - - - 3%
20%

% - Percentage of Codiolum cells fertile after 60 days growth.

TABLE 9

EFFECT OF TEMPERATURE ON SEXUALITY IN UROSPORA WORMSKIOLDII

Lo 20°C 15% 10% 5%
number
F11 ? s S - -
Moa & NG ‘s - -
URX1 NG - - -

S = Sexual, NG = No growth.




Key to symbols in Figures 1 - ko

" crosswall

chromatic body
chloroplast

. eyespot

zoospore ridge fibril
flagellun

gametangium .
higher high water
pectic lamella

mean higher high water
mean lower low water
nucleus

nucleolus

operculum

discharge pore
pyrenoid

"reduction division -

septa-like structure
sheath
zoosporangium

87.



FIGURE 1

LIFE CYCLE OF UROSPORA MIRABILIS. ARESCH.
(After Jorde, 1933)
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FIGURE 2

LIFE CYCLES IN UROSPORA AND ULOTHRIX SPECIES
(After Kornmann, 1963%)

I II II
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¥ ¥ P ¥
' .
Y ¥
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4

Urosp. bang. Urosp. speciosa
Ulothr. sp. (*) Ulothrix sp.  Ulothz ronata M)

v V1a VIb

Urosp. penicilliformis Urospora wormskioldii

var biflagell. var. cavdat.
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FIELD TRIP STATIONS

June 21 - 26, 1963
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FIGURE 4

A;_ Tsawwassen Ferry Jetty, April 1, 1964 N side, looking NE.
(1) Upper limit of Codiolum gregarium (13 ft. level).

B. Close up of rectangular area in (A).
' (1) Large form of Urospora wormskioldii collected here
April - May, 1963 - 196k at low tide (3 ft. ) Refer
to Fig, 24 for plant form. L .

_(2) U. wormskioldii most abundant on rocks in the mid-tide
(5 = 8 ft.) but extending down to (1), (3 £t.) and up
to (3), (11 ft.)

C. Ogden Point Breakwater, June 21 1963.
(1) Upper and lower limit of C. gregarium (9.5 - 11.5 ft),
third tier from the top. ‘

(2,3)U. wormskioldii in the mid- tlde (h -9 ft) Water
Jevel & ft.

D. Oak Bay, June 21, 1963.
(1) Position at whlch C. pu31llum appeared in the fall

(2) g. wormskioldii in the mid-tide region.

E. Rocks obtained at (1) in (D)Awith a dense covering of
C. pusillum, October 9, 1963.

F. Point No Point, August 8, 1963 looking NE. ’ "
c (1) U vancouverlana, on rocks in the low tide area (3 -
0 ft). Water level 2.5 ft. U. wormukloldll from the

water line up to the 9 ft. level

G. Deadman's Bay, August, 1961.
- (1) Area where large forms. of Urospora were collected in °
the spring of 1961, 1963 and 196k, (Refer to Fig, 24
for plant form) and where U. speciosa was collectéd
April 1, 1964, Tidal level at (1) is 1 - 2 ft.

(2) Rock on which a small patch (4 sq. in.) of fertile
C. gregarium was found, January 1961. Tidal level

at {2) is 9 - 10 ft.

(3) Rock referred to in Fig. 29G having g. gregarium on
the upper surface and U, wormskioldii on the lower,
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FIGURE

VERTICAL DISTRIBUTION OF UROSPORA AND CODIOLUM
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FIGURE 6

93.

§ .

CODIOLUM -~ VARIATION IN ABUNDANCE AND MORPHOLOCY
ELIEE
Approx. SEASONAL o glo~
STATIONS t3de | vARTATION TN 2 oI8 s
NO  LOCALITY Level | ABUNDANCE DESCRIPTION S BIS &
A ODF A T
15 | DEADMAN'S BAY ~10 | 10ne pated, 4 sqoin.,
> 3-1 60 61 |on one rocks ®
|
9_10 P One patch, 4- SQth.,
62 63 |on one rock, -
'- —. et et 10n. east and west side -
16 [FRIDAY HARBCR | 9-10 |5 Z1 [of sunken log ina | ®
) 6 ino balld,lo fto 10ng :
ol |poiches, 1-2 sé.fto
18 | TSAWWASSEN JETTY| 11-=12 6. S B '6‘ on many’rocks on thé ®
2 3 |sw and’ SE side.
12—13 — M Rocks on the SW side .
63 64 lonly
vt w1111y |One streak, 1 fte x
13 63 64 |6 ine on a2 drift 1loge ®
' ' Lower 2 ft.,on the
4 |OGDEN POINT 9~11 = dvertical su:g'fac% of -
BREAKWATER o2 63 |the third tier blocks.
-—A .
e 4+, |Horizontal surface of ®
63 64 |fourth tier blockse
10 |POINT NO POINT 10-12 — a1 |Few cells from
62 63 | several rocks.
o —i 1 . .
62 63 |Streaks, 7 x 12 in. -
1205 o bt it aa . |lon NW side of drift PY
63 " 64- logo
On rocks, 4-12 in.
3 |OAK BAY 10 eI diameter:upper. sur- . —‘
62 63 |faces completely
covered

Scarce - A few cells found from several rock scrapings.‘

cells widely separate. .

Abundant ~ Patches close together,

Common - Scattered patches, about 2 sqe ine in diameter,

Very abundant - Large surfaces covered, 2-6 sq. fto., cells
closely appressed.

Relative amounts of

form variants.

Worn away by rock abrasion during October gales.
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FIGURE 8
A-C

D.

.F'

G -'J

-Urospora wormskioldii.

(A -D, F -J, field, E, culture)

Sections of filaments from Kelsey Bay, June 24, 1963, .
A, Basal cell with coarsely perforate chloroplast withdrawn
from the end walls, x 800,

B. Basal cells of another filament with the Chloroplast
extending to the end walls. x 500,

C. Cells further up the same filament as (B), with' the‘
chloroplast perforations becoming flner., IKI, x 400

Filament showing abnormal cell d1v1sion; Two cells are wound-

-about each other resulting from obllque wall formation,
x 500, Insert, x 50,

. Test-tube culture of male clone M2A showing a ring of

Codiolum (cr) at the original air-water interface,

Cell showing unconnected ribbon-like chioroplasts.'vfoOO.“

Developmental stages in zoospore -formation,
G. TFinely reticulate chloroplast with conspicuous
pyrenoids., IKI, x 500,

H, Chloroplast becomlng d1sorgan1zed, pyren01ds 1ncon-»‘
spicuous, x 500, A :

I, 'Zoospore'dellmltatlon. X 500,
J. Beginning of zoospore elongation.. x 500, °

Scale 'length,: 50 A ‘
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FIGURE 9

Urospora wormskioldii

(4, B, D, E, G, field. C, F, H, I, culture)

Formatlon of discharge pores (p) in sporangia. Safranin,
x 1000.

Ten-day-old germllngs from zoospores. _Acetocarmine, .
x 400. : ‘

Zoospore release in vesicles. x 400,

Dvarf plants after six months in 10 ®/oo salinity seawater.
Many rhizoids formed. IKI, eosine, x 500,

‘Wall structure in empty'éporangia. x 500.

Dwarf plants after six months in 50 o/oo salinity seawater.
Many large thick-walled cells produced Rhizoids absent.

H, x koo. I, x 8o.

Scale length, 50 /u
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FIGURE 10

A - C.

Urospora wormskioldii

(Living field materiai from Deadman's Bay, 1961)

Sections of one filament showing an iﬁcrease infwidth
apically. Rhizoids intramatrical. Note fourth cell.from
top growing through fifth cell. x 100.

Sections of several filaments showing cells in different -
stages of development. x 50.

Chloroplast of mature cell showing pyrenoids and perforate
nature of the chloroplast. x 900,

Surface of fertile sporanglum show1ng star-like clusters of
zoospores.  x 500, o

Photograph of field plants in situ in the mid-tide. reglon.
x 2/3.

Freshly liberated zoospores with four flagella .and’ long
finely-drawn-out talls. x 500.

Scale length, 50 /u.
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FIGURE 11

| . Urospora wormskioldii

(A-E, G-I, cilture. F, field. Living material)
2> )

Sections of‘filament froh base tO'tlp showing extrématrical
rhizoids and decreasing filament width. x 100.

Cell of filament in (A) w1th finely perforate chloroplast.,
x 500. :

Cells of filament in (A) with banded chloroplast. . x 500.

Male clone M2A, fertlle zoosporangium (z) and fertile game-
tangium (g). x 900. ’

Zoospore squashed showing the four "rldge" fibrils (f) and
four flagella (f1). x 2000. , 4

End wall view of mature cell of fleld filament . show1ng
chloroplaot absent at both end walls. x 100,

Coarsely- perforate chloroplast show1ng promlnent nucle1 (n)
and nucleoli (nu) x 1000.

Fertile sporangium w1th zoospore arrangement reflecting a

' previous coarsely-reticulate chloroplast X lOOO.

Cultural zocospores with short tails. x 500.

Field zoospore. Acetocarmine. Phase. Xﬂ2000.v

Scale length A - D, F - I, 50 /u; E, 25 Jus 3, 20 u
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FIGURE 12

Urospora wormskioldii

(Culture, caméra lucida drawings)

A - H, N,. Sections of one fllament

A, Basal section show1ng extramatrical rh1z01ds x 200.

B,  Basal cell show1ng an early stage in rhlzoid formation.
x 400.

C. . Basal cell showing coarsely-retlculate chloroplast.
x %00,

E, Vesicle of zoospores liberated through poxe (p) in

cell (D). x Lkoo.
F. Germling developing within empty sporangium. x 400,

G,H,N. Sections of filaments showing progressive deérease
in filament width towards fllament apex. .x 400,

I, Jd. Divaricate rhizoidal ends of another filament. x L40O.

K. Female gamete showing asymmetry of body. Composite drawing
of living and.stained gametes., x 2000,

L. Newly formed spindle-shaped male ganete. -x-2000.,

M. Gametes in fusion. Aceto-orcein-iron-propiocarmine.

Scale length A - J3 50 su, K - M, 20 ,u
;2 / » & ’ /
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FIGURE 12 -
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FIGURE 13
. Urospora womskioldii’
(Culture)
A, Female filament with gametangia, x 1000,
B, C. Female gametes 12 hours after liberation., Noté'body
asymmetry. B, x 2000. C, x 1000. :
D. Female gameté.- Aceto-orcein-iron-propiocarmine;- x 2000.
E, Female gamete, Flagellar‘tips much finer.  Crystal violet,
x 1000. , ' '
F. " Male filament; gemetangium in upper cell; vesicle of male
gametes liberated from middle cell., Methylene blue,. x 500,
G. ' Male gemetangium with spindle shape of male gametes evident.
Methylene blue., x 1000,
H. Abnormal male gamete with two normal flagella and two short
. flagella. Iron-propiocarmine. x 1000,
I, Abnormal méie gamete'with four flagella. Flagellar tips
much finer. Crystal violet. x 1000, '
Je Male gamete with small anterior projection., These are of
common occurrence, Aceto-orcein-iron-propiocarmine,
X. ‘Newly liberated male gametes with characteristic-spindle

shape, Phase., x 1000.

Scale length, 25 /u
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FIGURE 14
' Urospora wormskioldii
(A, field. B, C, culture)

A, Stages in gamete fusion,. Middle right, two female gametes
fusing with one male, Acetocarmine. Phase., x 2000,

B, » Codiolum cells from female clone Fll; fhirty-days old,
x 100, . B

C. " Codiolum cells from male clone M2A; six mdnths;old. Phase.
x 200, ‘ ‘

Scale length, 25 /u
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FIGURE 1

FIGURE 16

LIFE CYCLE OF
UROSPORA VANCOUVERIANA (TILDEN) S. & G.

( TYPE IT )

- COLD
5°C

FILAMENT

ZOOQ \
WARM

- /\'5°o:

X

COoLD
PERIOD

BIFLAGELLATE
ZOOSPORES

CODIOLUM

EFFECT OF TEMPERATURE ON FILAMENT AND DWARF
PLANT PRODUCTION IN UROSPORA VANCOUVERIANA

%

100 1 )
1 o

: :
1 ! ¥
o4 ‘.
4 -
Y i .

1 |lm | i :

0 Bl o0

5 10 15 20

TEMPERATURE °C

] Filagents.
Bl Dvarf plants producing quadriflagellate zoospores.

Dwarf plants producing biflagellate zoospores.
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FIGURE 17

Urospora ‘vancouveriana

(A - E,.field, F - J, culture)

Dry mount of lower half of one filament, Cells of upper
half were equal in size to those at the upper end of thlS
filament.

Lower part of filament.showing holdfast with several
intramatrical rhizoids. x 100. :

Chloroplast .of mature.cell showing f1ne perforatlons.
x 500. 4

Surface of fertile sporangium contalnlng quadrlflagellate
zoospores, x 1000,

Surface of fertile sporangium containing quadrlflagellate_
zoospores, x 2000, Imsert, x 1000.

Filament showing development of lateral rhizoids, x 100,

Vegetative cells showing coarsely{perforate chloroplasts,

x 500, o

Empty sporangia showing discharge apertureé and ruptured
outer sheath, x 300,

Holdfast of filament showing several extramatricular
rhizoids., x 100.

. Dwarf plants with fertile sporangia, containing blflagellate
 zoospores., X 100

Scale length, 25 /u
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FIGURE 18

Urospors vencouveriana

(Culture)

Dwarf plant showing several émpty sporangia and one
liberated vesicle. x 500,

Dwarf plant of an older culture with two sporangia conta.in-
ing quadriflagellate zoospores. b's 1000.

Dwarf plant with liberated vesicle and several biflagellate .

zoospores, Note their m_und appearance. Phase, x 500.

Liberation of vesicle containing biflagellé.te Zoospores,
two stages. Phase. b's 500.

Freshly l:.berated vesicle mth bifla,gellate zoospores.
x 1000,

' Biflagellate spores after 12 hours in the da.rk Phase .

x 1000.

. Biflagellate spores stained with iron-propiocarmine, Note

the pyrenoid at the bassl end, and the i‘ine flagellar tips.
* 2000,

Codiolum cells pioduced by biflagellate.. zoospores;.  twenty-
four days old. H, x 100.. I, x 500. ' ' : :

Scale length, 25 /8
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FIGURE 19
Urospora vancouveriana
(Camera lucida drawings of cultural material)
A, Biflagellate zoospores. Iron-propiocarmine, ’x 2000,
B, C. ' Germination stages of 'bifiagellate zoospores., Feulgen,
' x 2000, ' . .
D. ' Codiolum cell; ten days old. Feulgen. x.2000,
E. Codiolum cell; thirty days oid; Newcomer-iron-propiocanﬁine.
x 2000,
F. Vesicle of biflagellate zoospores. x 2000.
G. Portion of filament showing concentration of nuclel at end
walls and cell middle., Feulgen. x 2000, :
H. Young dwarf plant derived from quadriflagellate zoospores. ;
‘ Feulgen., x 2000.
I. Dwarf plant with one cell undergo:mg division. Feulgen,

X 1000.
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FIGURE 20 |
- Urospora vancouveriana

(Culture material stained with Feulgen-iron-propiocarmine)

A, Germlings from quadriflagellate zoospores., Nucleolus un-
stained. Note feulgen positive chromatic bodies (cb).
x 2000.

B. Pre-sporangial cells of dwarf plant, upper cell with nucleil
in metaphase. x 1000. :

C. Cells of dwarf plant; upper left cell with nuclel in pro-
phase; remaining cells with nuclei in interphase. x 1000.

D. Apical portion of filament; upper cell with nuclei in meta-
phase; lower cell with nuclei in interphase. x 1000.

E. Apical cell of filament nuch squashed; nuclel in metaphase,
Inserts prepared with the aid of camera lucida draw1ngs.
% 1000.

F. Metaphases in a filament cell. Figure on left prepared

with the aid of camera lucida drawings. x 3000,

G. Filament showing multinucleate condition of each cell.

Nuclei (n) are lightly stained and contain several Feulgen=
positive chromatic bodies (cb). x 500.

H. Metaphase in a filament cell showing some chromosomes to be
elongate. x 3000. )

I, Rhizoidal nuclei (n), showing conspicuous nucleoli (nu) and

2-3 Feulgen positive chromatic bodies. x 2000.

Scale length A - F, 25 u; G, 50 /% B, I, 10 pu -
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FIGURE 21

A.

Urospora wormskioldii. A cell in early stage of zoospore

formation showing clusters of nuclei. Feulgen iron-
propiocarmine, x 1000. ’

’ U. wormskioldii, A fertile cell with immature zoospores.

Feulgen-iron-propiocarmine. x 1000.

U. vancouveriana. A fertile cell with mature zoospores.

Note the anterior projections of the chloroplast .(ch).
Feulgen-iron-propiocarmine, x 1000,

U. wormskioldii. Plasmolized zoospores showing swellings (8)
at the base of flagella. x 2000,

uU. wormskioldii. A germling with pyrenoids (py) appearing
dissected. Feulgen-iron-propiocarmine. lO/u section,
x 2000.

Codiolum gregarium. A cell with pyrenoids (py) appearing
dissected. Feulgen-iron- proplocarmlne. 10 ,u sectlon. '
x 1000. : /

U. speciosa. Fertile fleld filament .showing liberation of
zoospores in a vesicle. x 500.

U. speclosa. Cultural filaments showing their uninucleate
gondition. Newcomer-iron-propiocarmine. x 1000,

Gcale length, 25 /u
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GAMETE COMPARISON OF TYPE | WITH
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FIGURE 24

A,

Codiolum gregarium from Deadman's Bay, February 1961. Nearly

. fertile cell showing pectic lamellations of the stipe. Com-

posite photograph. Acetocarmine. x 300.

C. gregarium. A fertile cell with quadriflagellate zoospores.

x 800,

C. gregarium zoospores germinating within the cell. IKI -
and eosine, x L0O.

C. pusillum from Oak Bay, October 9, 1963. Clava elongate
with cell gradually taperlng towards the base. Living.
x 100,

C. gregarium from Friday Harbor, August 30, 1963.  Clava’

‘swollen with transition between clava and stipe abrupt
Living. x lOO.

Scale length, A - C, 50 ;u; D, E, 500 /u'
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FIGURE 25

Codiolum gregarium andvculturdl_proddcts

Codiolum gregarium from Deadman's Bay, February 1961. A
vegetative cell showing uninucleate condition. Only the
nucleolus is evident. Acetocarmine, x 100Q0.

Quadriflsgellate zoospores from C. gregarium. Noté anterior
projections of the chloroplast. Acetocarmine. x-2000.

Developmental stages of germinating C. gregarium.zoospores.
C. = Attached zoospore, flagella lost Acetocarmine. -
x 2000.

D. . Two-cell stage with zoospore tail still present
Acetocarmine. x 2000.

E. Three-cell stage with lower cell developlng into &
rhizoid. Acetocarmine x 2000.

Germling showing filament and dwarf characteristics; uppef :
five cells are filament-like lower five cells are dwarf-
plant-like. Acetocarmine. x lOOO.

Young dwarf plant showing multinucleate condition and.

irregular arrangement of cells. Acetocarmine. x 1000.

Scale length, 25 u

/
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FIGURE 26

A “.Co

-Codiolum gregarium in first division metaphase showing ten (7)

chromosome pairs. Acetocarmine. A, x 600. B, camera
lucida, x 3000, C, x 3000. ' ‘

C. gregarium interphése nucleué showing coarse reticulation

and nucleolus with large central vacuole. . Newcomer-iron-
propiocarmine. x 1000. '

»‘C. pusillum in first division metaphase showing thirteen

chromosomes or twelve chromosomes and one nucleolus.
Newcomer-iron-propiocarmine. x 2000.

C. gregarium at the two-nucleate stage, with only the nucleoli
evident., Acetocarmine. .x 500.

C. gregarium in third division metaphase. Insert is a higher
magnlflcation of rectangle showing eleyen chromosomes. Aceto-
carmine. G, x 500, Imsert, x 3000. '

C. gregarium in ninth division metaphase. One optical plane
‘showing about 25 of the 226 nuclei seen; others were obscured
by foreign material. . Acetocarmine.' x 500.

C. pusillum subJected to daily thermoperiod. Optical sections
of one nucleus showing five nucleoli~like structures and seve

" eral smaller chromosome-llke bodies (arrows) Living.x 1000.; -

One metaphase plate from cell (H) showing ten chromosomes.
Camera luc1da. Acetocarmlne. x 3000,

Zoospores of Urospora wormskioldii in Tirst nuclear division
showing eleven chromosomes., Colchicine arrested. N, camera

- lucida drawing of (M). Acetocarmine. L, x 1000. M, N,

x 2700,

C. pusillum in the four-nucleate stage showing a nucleus with
a prominent nucleolus and several chromosome-like bodies '
(arrows). Living. x 1000.

C. pusillum, interphase nucleus with prominent vacuolated
nucleolus. ~Living. x 1000.

U. wormskioldii germling from a C gregarium zoospore,
colchicine arrested, ten chromosomes visible, R, 18 a '
higher magnlflcation of rectangle in (Q). Acetocarmine.
Q, x 1000. R, x 3000. ’ '

Scale length, 10 ju
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‘FIGURE 27 .
Urospora wormskioldii cultural filaments derlved from
Codiolum gregarium zoospores :

(Camera lucida drawings)

A -D. - Sections of one filament.
: A, Basal section showing intramatrical rhlzoids -and

divaricate rh1201dal ends. x 200.

B-D,., Distal sections of the same filament showing decrease
in filament width. X 200. :

E, F. Cells of filament showing multinucleate condition,
' Acetocarmine. x 800

- G. Interpretive drawing of wall structure during spore
release. An additional inner wall appears to be formed
during spore development. x 600 (approx.).

H. ‘Rhizoidal growth, showing middle wall formed last. x 1500. :

I, Zoospore showing nuclear area unstalned and promlnent
nucleolus. Acetocarmine. x 3000,

J - L, Zoospores showing flagellar insertion between zoospore

ridge fibrils (f) and the four anterior projections of the
: chloroplast X 3000. .

 Scale length, A - G, 50 ju; I -K, 25 u
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FIGURE 27
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FIGURE 28

Codiolum gregarium fertility in nature
and after transplantation

Ladder on the old dock at the Friday Harbor Marine Lab-
oratories, lowered at (2) with weight (1) on the bottom,
Rungs positioned every three feet with the lowest at the .
minus nine foot and the highest at the twelve foot tidal

level.

' Log below the new laboratory building from which the

Codiolum samples were removed, Codiolum between arrows,

Ladder rung With six samples stapled to the front. and

“ back surface of rung,

Sampled area of log.
Tabular results of transplant effect on Codiolum fertility,

Fertility.of Codiolum on log in (B)..

Fertility of Codiolum on rock at Deadman's Bay.
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FIGURE 28

TRANSPLANTATION EFFECT ON CODIOLUM FERTILITY

Aug. - Sept. TRANSPLANTATION EFFECT E | FERTILITY IN NATURAL HABITAT
30 = 29 % Fegtility or6nuclear divisions Log at Prl. Harbor -
Tt SR IR A Appras. dacly
- - ! ! hizh tide
12.0 __g_. ________ e =l = & b Rit. ——
; |
N[ [ 1) i YV —————— s
N 12 21 " '
6.0 ~51 ‘f 1 [10 & 22~ 555" 4 Fertility on Log Date
3.0 N ____];__EJ___;OQ_'____* 0 0 0 Aug.30
S 1 3] & == 20 !xxcx 0 0 0 o Sept.7
0 o_N__‘ é ____1_ __g_‘.____%__l_____* - 003 - 6 Septolj
L 1[50 20 | = 20 1.5 5 30  Sept.29:
_3,0—15_..3 e =] &..4_____8;__'__-
; & 33 : a_ | Rock at Sept., . G
e L = =l=8 4= =1D $ 7
6.0 518 3 a ! e AN KE 1 1
_9.0_1\1_45 "_—_“’92' 100  _ ~ 14— 10
S 1 a |
TEMPERATURE  OC 0¢9 320~ 8
ft| Air | 27.7 (1 PM)[18 (12 Noon) 1K.5 Rocle %
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o] " | 0.6 " |11 TS R LoV P o N

@ Urospora, Codiolum, FD - filamentous diatoms, x - gparse, xxx — dense

ND - nuclear divisions, a = Codiolum absent
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FIGURE 29

Codiolum cells from‘Urospora wormskioldii
Temale clone 8L, fertility induced with
cold shock. Living material, :

Cell with two Codiolum cells, rounded up zoospores, one
cell with an eyespot. (e) and one large donut-chaped mass,

Cell with rounded-up structures éna one zooépore with two -
flagella, " x 2250. o
Cells forming irregular masses.' ¢, x 2250, D, E, x 1000.

Y
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FIGURE 30

TEMPERATURE

EFFECT OF THERMOPERIOD ON SEAUALITY IN UROSPORA

THERMOPERIOD BOX

%
- 40 4o + 2°C
32 + 29
FIt € (10) (1%)
M2A Dead
URL1 e
-3 20.5 + 2% Daily
* Culture 10°C Thermoperiod Culture 10
i Fit Cc (10) 3 (15)
M2A  Larger nuclei 7 days 14 days 14 days
- URX1
24+ 2%
" F11 - Female clone of U, wormskioldii
3 21 #2°C M2A - Male clone of U. wormskioldii
L. 20

URx1 = Unknown clone of U. wormskioldii
(Produced Codiolum cells on two
0. separate occasions)
C
* Gametes in only one of the two tubes.
g;}\ c (10) () Day of thermoperiod
C - Codiolum

G = Gametes

URK1

*
Fi1 C (10) G (15)
CONTROL M2A
URK1

BASAL TEMP.
8-10°C

0 1 2 3 L 5 6 7
TIME IN HOURS

O¢
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FIGURE 31

CYTOCHEMICAL TESTS ON THE CELL WALLS OF U. WORMSKIOLDII AND C. GREGARIUM

. Urospora wormskioldii

~ IKI-H,S0, ©)

ZnClI2 ?
R. red @ RaS |
. HC1-ZnC1 Schweitzer's
- IKI-H_ SO
Sol (excess) ” E (cold 48 4 I E ﬁR re& L
hrs) 705 H 250, ~ ZnClI
) (Heat 2-3 sec.) ' \
@ . N HC1. Slug —s ~5Schweitzer's Sol
N (8 min, 60°C) Joytase | SNIKI-H,SO °
sy chuz\ P(M-znmﬁ l” ] 8% HC) e
N Heat 2< 4 -
Schweitzer s sec) xH (Heat 2-3 sec)
(15 psi
® 15 min) _
IKI—stou | f ' 2
. -— (excecs) B o Schweitzer's ZnClI R. red IKI®HZSOM,
orunte "(aTﬁ.%
min)
ZnClL, R KL 50, ® Soluble
Soluble (excels) ~ @ (exceds)* ~ so1upie
B. Codlolum gregar IRI-H)S0
f : ZnClI .
s01 <18H,50, . Yy KOH R. red R. red
%, - qg pil) H,50,,,30% 7
:—; % min .
*(com)w (W;m ) \ HC1-ZnCl Solubl
Sol — (5«;113 2-3 : s (Boil 2-3°min)
€ Schweitzer's ZnC1I, ) IKI-H,50, ©

‘wmm= outer membrane, ®=== inner cellulose walls, wwwpectic material, (® positive test, (® negative test
Cellulose becomes blue with ZnClI or IKI-H SO,+ and pectin pink with ruthenium red

°SeT



FIGURE 32

CYTOCHEMICAL TESTS ON THE CELL WALLS OF S. COALITA AND C. PETROCELIDIS

A. Spongomorpha coalita IKI'H SO
ZnClI
R. red
i ZnClI JCI—ZnCIZ Schwe:.tzer s @
(exc ess ) (COld ,LI-BhrS . 70% SOLI, @
(warm 2-3 ®
N HCl ., Slug _w Schweitzer's —
e R IE 4C1~2ZnC1,, : (BH‘é‘m 60G)  cytase NIKI-8,50, —
<«Schweitzer! s/ (Heat 2-3 sec) K6H (Heat 1-3 secs | E E
IKI-H so (15 psi
( b 15 mln)
7 excess) i T T 1
_ Schweitzer's ZnClI R. red IKI—HZSOI+
KOH . '. (excess) (excess) ®
(15 psi HC1-ZnCl : ® C]
15 ) So 2 v +
nin (Boil 2-3 nlm)/l\. IE i IE E
l ZnC1I, R. red IKI-H,S0, ®
\H 0-» Soluble / (excESS) @ (excess) Soluble
B. Codiolum @trocelidis IKI-H,50, ©
Sol =—1% H,80, q KoK R. red . O
5 psi
C>? o m1n) 30%, H 250
‘-(cold) KoL ZnC1, b \
Sol (Boil 2-3 38%, HC1 > HC1-ZnC1l,— Soluble
. mln) / (BOil 2-3 min)
«Schweitzer's «—- -
¢ Z=Z T (72 hes) ZnClI, @ KI-H,50, @

amee outer membrane, mw== jinner cellulose walls,

...... ; pectic materizl, @posﬂ:lve test, @negative test

Cellulose becomes blue with ZnClI or IKI-H SOLp and pectin pink with ruthenium red

‘o€t
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FIGURE 33

A, B.

 Urospora wormskioldii

(A - H, field. I, J. culture, AlL fixed in 3:1)

Filament under polarized light show1ng blrefrlngence of

walls. A, 'x 100, B, x 500.

D, - F.

Wall layers of two adjacent cells.. Ruthenium red. x 500.

Walls otalned with IKI - HéSO show1ng separation of wall
layers,

D, Cells showing-wall formation between d;v1d1ng cells,
X 500. - |

E. Cells showing the sheath (sh) clearly separated from
the inner wall 1ayers. x 500. :

F.  Note furrow: (arrows) in cell" underg01ng lelSiOD.
x 500,

Filaments boiled in 38% HC1l for 3 min showing'birefringence~'
under polarized light. x 100,

>Basal section of filament after autoclaving in 23 M KOH at

15 psi for 15 min, Outer sheath dissolved, inner walls
remained, IKI. HéSOu. x 500,

Cultural filaments boiled for a few. seconds in 38% HCL
followed by digestion with undlluted slug cytase for ¥ hrs.
Inner walls dissolved, outer sheath remained.

1. Outer sheath show1ng no birefringence under polarlzed

light. x 300.

Je Cells completely free in outer sheath.x 300,

Scale iength, 50 /u
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FIGURE 3k .

A, C.

A, C - Urospora wormskioldii

B, D - H - Codiolum gregarium

(All fixed in 3:1)

Autoclaved in 23 M KOH.at 15 psi for 15 min and stained
with ZnClI,. Inner layers remained, outer sheath dissolved
on autoclaving, Phase, x 100, : :

" Untreated cells. x- 100,

' Untreated cells.under polarized light showing birefringence

. in walls, stipe and banded pattern in protoplast. x 200,

. Boiled in 38% HCl for 2 min. Cells showing protoplést free

in outer sheath, ‘Pectic'layers of stipe disseolved, Phase,

x 500,

Boiled in 38% HCl for 2 min, Cells under polarized light

showing absence of birefringence in the outer sheath, and

presence of a banding pattern in the protoplast of one
cell, x 200. :

Portion of stipe after.autoclaving in 23 M KOH at 15 psi for:
15 min, Outer sheath dissolved, inner pectic layers re-

main, x 500, . )

Portion of stipe, untreated and stained with ruthenium .

red to show.the pectic lamellations., x 500,

Scale length, 50 /u-‘
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FIGURE 35
A, C, D, F - Spongomorpha coalita
B, E, G - Codiolum petrocelidis
(A, C - G, fixed in 3:1., B, fixed in.formalin)
A. Untreated filaments. x 100.
B. 1‘One cell of C. petrocelidis oriented stipe down in.Petrocelis
franciscana, Untreated. Aniline blue., x 300,
c, D. Boiled in 38% HCL for 2-3 min followed with digestlon in
undiluted slug cytase for 4 hours,
C. Inner walls dissolved, outer sheath remalned X lOO.
D. Inner walls dissolved, outer sheath and part of cross- B
wall (c) left. x lOO..‘ =
E. Section of stipe., Untreated., Phase. x 500,
F. ' Heated 2-3 sec. in HC1-ZnCl, followed with an excess of
Schweitzerts reagent, inner walls dissolved, crosswall
 shadows (c¢) left. Phase. x 100.
G. Boiled in 38% HCL for 2-3 sec,.inner pectlc layers dissolved,

outer sheath remained. Phase., x 500,

Scale length, 50 /u'
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FIGURE 36

A, After Kuckuck, P. (1894, P. 259, Fig. 27) Codiolum petrocelidis
. n, sp, in Petrocelis hennedyi. Helgoland., A normal cell,
and cells with lateral insertions of the stipe on the cell -
proper, L '

B. After Printz, H, (1926, Figs. 64 - 72) Codiolum petrocelis
Kuckuck in Cruoria pellita showing cells with lateral in-
. sertions of the stipe and a lateral appendage on the stipe
of one cell,

G. - After Kornmann, P, (196la, p. 196, Fig. 1) Codiolum
petrocelidis plants from Petrocelis hennedyi, Helgoland.
Several cells having a lateral appendage on the stipe and
in one case on the cell proper,.

D, ~After Jénsson, S. (1962, p. 74, Fig, 17, la - f) Successive
stages in the development of Codiolum petrocelidis in
Petrocelidis cruenta, Brittany, France.

(a,b) individuals with their penetration tubes (stipes)
oriented towards the exterior of the host.

(c,d) individuals with the first stipe reabsorbed,-

(e) individual which has changed its direction of'growthi
and is producing a new stipe at the opposite end of
the cella :

(£) a mature individual with a long second stipe and the
first formed stipe remaining as an apical thickening.

E. . After Jomsson, S, (1958, p. 236, Fig. 11) A stage in the
- development of Codiolum cells reportedly derived from zoo-
" spores of Codiolum petrocelidis, Brittany, France," show1ng
- two membranes (septa) in the stipe,

F. " After Fanm, K. C. (1959, p. 6, Fig. 29, 34) :
(29) a stage in the development of a zygote (g,-pgtrocelidis)
from S, coalita. ‘Moss Beach, California,

(34) Young cells of C. petrocelidis which developed from"
zygotes of S. coalita that were allowed to infect
Petrocelis in laboratory cultures, The septa are
shown here clearly. '

G. - "~ After Korpmann, P, (196la, p. 196, Fig. 1). Codiolum
_petrocelidis plants from Petrocelis hennedyi, Helgoland
showing the septate condltlon of the stipe,

kS

H. After Hollenberg, G. J. (1958, p. 250, Fig, 1 - 6) showing
stages in the germination and growth of zygotes of
Spongomorpha coalita, Moss Beach, California,




FIGURE %
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FIGURE 37

A,

B - E.,

Codiolum cell from Urospora clonal culture URX1 shoﬁing

' ‘shallow. "U" shaped pectic lamellations in the stipe,

x 500. .

Codiolum petrocelidis

Cell from Porlier Pass, August 1962, showing first
and second formed stipe. Note the opposite direction
of the "V'"-shaped lamellations taken-in the first
formed stipe (3). Phase. x 1000. Whole cell, x 500,

Cells from Deadman's Bay, June 1961, Note the "septa“-
like structures (s) distal to the clava, Safranin,

X 500,

Cells growing with stipe directed up within Petrocelis:
franciscana. Safranin. x 500.

Scale length, 50 /u
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FIGURE 38 N o "
Codiolum petrocelidis in Petrocelis franciscana

A, B. .C. petrocelidis from Porlier Pass, August 1962 3:1 fix,
Aniline blue,

(1) Cell with stipe at both ends,
(2) Cell with stipe oriented down-in the host.

(3) Cell with stipe oriented up, and protoplast Just '
. starting to change its direction of growth,
. Lamellations (1) of new stipe seen at’ lower end
A, x 100, B, x 600,

Scale length, 100 u
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FIGURE 39

A, B, D -F, Codiolum petrocelidis in Petrocelis franciscana .
C. Spongomorpha coalita

A, Two cells of C. petrocelidis from Porlier Pass, with stipes
oriented up., 3:1 fix. Aniline blue. Phase, x 500,

B. A cell of C. petrocelidis from Porlier Pass, with change
- in direction of stipe growth. 3:1 fix. Aniline blue.
Phase, x 500.

C. Spongomorpha coalita from Mussel Point, Monterey, California,
. June 1960. A portion of a fertile fllament showing an
empty gametangium with an operculum (o) Dried herbarium
_ spec1men. Phase. x 200, ' o

D. + A cell of g} petrocelidis from Point No.Point, December -
1963, showing & prominent aplcel cap, Formalin, Aniline
blue. x 200, '

B, F. Cells of C. petrocelidis from Point No Point, December"’
1963, oriented stipe down in fertile Petrocelis fran-< o
ciscana. Formalln. Aniline blue. ‘X 100. o

' Scale length, 50 /u
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FIGURE 4(Q . :
Codiolum petrocelidis
(A - D, fixed in 3}1.‘ E,‘fiked-in formalin)-
‘A - D, ‘From Poriler Pass, Stages in formation of second stipe'

Cell A, B, D, are early stages.and cell C, a later stage
in development Phase, x 500

E, "From Point No_Pbiht.‘ Cell W1th flrst stlpe broken off at.'
' arrow, Phase,. x 200, '

Scale length equals 50f/u
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FIGURE 40




