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hluuries and the factors 1nducing fertility.

.fleld and vytulagicnl obnervndons revealed no deviltibns ftum t'he

) Polyuphonw-type of life history. -

e ABSTRACT

Three'genera of the Cerimiaceae, Antithamion Nag., '

\Callithamiion C. Ag. and Plumaria Schmitz from the gorth vest Atlantic -

vere Populations from insular land ‘were studied in * 5

the field,. cultured, and cytologically examinedto dz:emlne life

In addition a taxonomic

fe-ansessnent of~ the génus Antithamion in the region is yxesented. = s
4, boreals (Gobi) Kjel]m., A, pylazaan (Mont.) Kjellm. and

A americanun (Huw ) Farls in Kielln. ‘are mnrphclogically maumc;,,

and were studd d 1n field “and in l:ulture to ducannlne the degree of 4

phenotypic ’variguon. They are combined and transferred to Scagelia.
Wollaston as S. pylaisaei (Hont.)-nov..‘comb. Two genotypically *
distinct varieties are recognised; yar. pylaisaei (ont.) novs co-b . o ', :
and var. bareale (Gobi) nov. comb., xmch have ‘a Pulyuphonw-typz of *
ufe Mstory with the addition of apomeiotic n:rnpurangla on the

gne.zophyte phue. Induction of fertility is 1ndependent oL -

| temperature or daylength. : 2 .

4. Floccosa (0, E. Mjl1.) Kleen is re-déscribed and transferred .

to Anuthanmanezla Lyle Plants _remained sterile in culture, but LA |

A fusigal parasite of 4, flocosed
15’ described“as a new spectes, 0lpidiopsis witithamionis Whittick and

South.. .

° .
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yed

cx—ucwcwn (C. Ag.) m&g., A plwnula (El].ls) Thur. in Le Jol.’and
4 pacszwn (Harv.) Kylin, were examined only a single génuife .

specimen of 4., cruciatun vas locathd, most records being mis-

identifications -of 5. pylaisaei. The records of A. pabificum'ate due

¢ to mis-identificatipaof 4. floccosa. No material, of 4. plumula

could be Lo
Tie life histories of threesspecies of (:allithmmiaw ¢
coryrbosun (3. Lyngh-,.C. tetragonwn (ith.) S. F. Gray and c. ’,

‘type of life history with no deviations, C. tétragomum is similar, but

has monoecious gametophytes, and procarps and spermatangia were also ..

observed on tetrasporophyfes in ¢ulture. Only tetrasporangial plants’

of C.. corymboswn wgre found, and in Newfqundland ‘it reproduces by '

fragnentation. In all the species of’

fenuf:y 18- temperature dependen:, and C. rogein also requires long,
v ' L -

& dayleng:hs. N
1

' Plunaria elegrme (Bomnen.) Schuitz only oceurs in 'Newfuundlsnd

as the triplaid paraspnrangial generation, ‘and fertility is contralled

by water tempemt_ure. P .

roseum sensu Harvey were 1nvest1gated‘ C. roseunm has a Polysiphonia- ,

i17 théﬁ‘micn the induction of ._
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GENERAL_INTRODUCTION

During the last decade there has 'beey a cunsi&e’rahle
ncrease in the number of studies: of the benthic marine algae.of
eastern Canadg: This work has been mainly basic exploration and
surve‘ys of thejpreviously poorly knmm flora. South and Cardinal
(1970) have cm}ued much of this flortseic inforhation as a check
list, and have indicated the’urgent. ‘meed for more detafled
examinatich of many -of the representatives of t‘ne eastern Canadian
flora. . o
. Lo 5 ro-
This study 4s an attempt to elucidate the blology of
several species of the Ceram:l:aceae occurring on the north east
coast of North Anerica. The study atea 1s, from New Jersey northwards,
" but with special enphasts placed on the eastern Canadian region
(South and Cardinal, 1970) in view of the forthcoming Flora of the
,marine algae of this area. Logistics have, hovever, lmited |

culture and phenological studies fo material obtained from imsular

Newfoundland. v . - : E

The l:eramiaceae are the nmsr.aprimitive members'of the

Ceramiales (Kylin, 1928 Homme'rsand 1963) a well dé.f_tned order of

- the Rhodophyta erected by Oltmanns (1904) and characterised by

‘procarps in which the auxiliary cell is formed after fertilization. .
The Ceramiaceae.lack pericentral cells and their procarps either,
lack or possess only a single group of sterile cells. The

* = \

carposporophyte is usually naked, but if enclosed in the thallus of




the female gametophyte 1t’is nof in-a pericatp with an ostiole.

"4 In addition to the infuma:ion ‘contained in general works
(Fritsch, 1945; Kylin, 1536) there are a’number of extemsive
SEAILSs Fil EEVIEVETOE anacomyr\classiﬁcacmn and phylogeny of the

Ceramiaceae (ngeli, 1861; Cramer, 18643 Schmitz and Hauptfleisch,

. 1597 Kylin, 1923, 1928 19305 "Fels yer, 1940;
1963; Wullﬂstcn, 1968; Gordon, 1972), but most data'are in
publications on single genera or species.

Taforsmtion:on:the Forluties 4l ueolony oFs the Eeranincass
in the stuly area s linited matnly to general ‘Flcras and phyto-
geographic studies (Harvey, 1853; Farlow, 1881; Taylor, 1957; *
“Wilke, 1959). The majority of the species from this avea are,

. however, widespread throughout the colder coastal waters of the

North Atlantic and Arctic Oceans, a number of other regional works'
A relevant (Kleen, 1874; Gdbi, 1878; Kiellman, 1883; Foslte,
1890, Rosenvinse, 1893, 1899; 1923-19243 Jﬁnssar;, 19015 Bérgesen,
19025 Kylin, 19073 Printz, 19263 Levring, 1937; zinova, 1955;

Lund, 19593, 1959b; Svendsem, 19595 Jaasund 1965) More detailed

phennl})glcal and- distributidnal studies on members of the

Ceramiacéae in eastern Nogth Anerica (a.g. Lamb and Ztmernann, 196
““Bdelstein aid McLar.‘hlan', 119663 Bdelscetn et al., 1969, 1970; Hehre

_and Mathiéson, 1970) are found m quali:scive “accounts ni xayrnﬂuctive

pel’iudicity and depth of occurrence of marine algae in’ this reglon.

i Thé Ceramlaceae are a cosmopolitan family, 'bubj:he majority

- of generd and the greatest number of species are found in' Australasia

(Kylin, 1956). The phytogeographic importance of this regiom has




been furthur émphasised by the recent work of.Wullaston (1968) and
Gordon (1972). The family is not well represented in the vestern
Narch Atlaptic and the majority of species, in common with o:het
nembers of the Rhodophyta, are” found in varmer seas. Taylor (190
1ists 19 geneta and 88 species for the eagtern.tiqpical and sub
tropical ’An.e'ricAs while South and c"srdn,ai (1970) record only 7

genex-'a and 27 spécies from eastern'Canada; £or many speéies of the~

! Caramiaceae Newfoundland is the most northerly locality, in North

Amemca.(\’ :
There ‘s evidence, based on £leld observations, that at the

nnrthern limits of their ‘distribution in Europe some species of the

'».Rhnduphy:a exhibit different life histories from those recorded at
G ] : )

their centre of distribution (Dixon, 1965). It is generally ascumed
that members of the Ceramiaceae possess a Polysiphoiia-type of =
1life history (Dixon,1963a) " first revealed ;:;{ Yamanouchi (1§nbé,
1906b). for Polysiphonia flexicaulis(Harv.) Coll. (as P. violacea). .

This consists of a sequepcé of diploid carposporophytes, diploid tetra- °

. sporophytes and dicecious haploid gametophytes, with'meiosis occurring

during tetraspt{regenesis. The tes and the‘ ‘Les are
isotorphic. Fleld observations (Lewis,1912) and cytological studies.
(Lewis,lsoé;Kylfn, 1916; Westbrook, 1530; Drew,1934,1937,1939,1943) have
supported this assumption. Proof wds' eventually obtainéd in ,cultlure

by Hassinger-Huizinga "(1952) who produced several successive :

generations of Callithamnion corymbosum (Sm.) Lyigbye and correlated

/these with cytological datal Furfhur culture studiés of members of
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‘{>

r.he Cerantaceae (Drew, 1955; Sundene -1959, 1961.a, 1964b; Edwards,

19695, Rueness, 1971) have r:onfirmed these findings The

Cernmxacsae, there:1s; ‘hovever; ‘considersbleevidbuce:éhatsdt may
not represent the full potential life history of a number of
species. - £ » =Y

Various "combinations of tetrasporangia,’spermatangia,

" procarps and carposporophytes have been recorded on single plants

+ and these are Iisted by Knags (1969). A number of gametophytes of

the Ceramiacéae are reportedly monoecious Callithamnion bgileys
Harvi, C. tetragomum (With.) S. F. Gray ’(.Faﬂm;, 1881),
" C.. bipimnatun Crouan frat. (Levring, 1937), Spemothamrion, repens
© (D1llv.) Rosenvinge (as"S. turmeri) (Drew, 1934). Field observations
have frequently revealed a preponderance of a singlé phase of the

life cycle, usually the tetrasporophytes, ;:hile in extreme instances
one. 0P more phanesmay be dbeches The poveseiel fob vagersrive o
reproduction (Dijen, 1965) 1a also frequently overlooked.

= Culture studies on megbers of the Cerantacese have revealed

_a number of anomalies (Hassinger-Hulzinga, 1952; Dtew, 19555 Wes?
‘and Norris, 1966} principally involying the fema:;on of tetra-,
sporangia on plants bearing either spermatangla or procarps.
Supdene (1962) and Rueness (1968) have cultured, respectively,
Ar;tithwmion borgale (Gobi) Kiellm. and Plumaria elegans (Bonnmem.)
Schmitz and shown them to bear only apomeiotic sporamgia, which

reproduce the parent plant. ‘ In A. boreale they are morphologically

normal ‘cruciate tetras a, but are forming an?




- natural seawater (Provasoli, 1964

Drew (1939) has shown

irregular,mumber: of spores in P. élegan

cytologically that parasporangial plants of P. elogans:are-triploids
found in addition to, and genetically isclfited from, the normal

haplotd and diploid Polysiphonia-type of enexéuons. In addition,
Drew (1934, 1943) has-shown q)"tulogic;x y,U:he R
triplotd and tetraplotd phases in the/life history of Spermothamticn
repens. *

The development of artifdedal média\, or enrichments. for_: i
1968; Provasolt et al., 1957) -
has alloved the maintemance of many marine algae in culture for
extended periods‘._ In the lalt decaqé‘many species of the Rhodophyta
have had their Iife ‘}|j.stories elucid.-\:ed in culture. and mich of this
work Was been revieved by Knaggs. (1969) and Dixon (1970a). The
najordty of these.studies have been on members-of thie Nemaliales
c;—yp:onemiales and Gigartinales which in nature apparently lack one

or more of the generations ferising the Polysiphonia-type of

1ife his:uxyl Though {mportant the value of many of these studies, .

1s often limitem major omissions:-’ 1

1. they lack corroborative cyzolosicac/daté. @

ii. cultures are frequently incubated Under a single condition,
giving little or no. information on the factors ccm:tolllng
‘growth and repmductiun.

iii. parallel phanul’ogical information for natural populations

= is frequently lacking.

The Tlack of cytological.data is principally due to technical
i ¢ i s : s

Y




. 7.7l reputarion as 'difficult’ matdrial. ‘Nuclei and Chromosomés arety -

» "V emall, and the latter are closely aggregated and indjvidually,

g indistinguishbﬂ:la in metaphase Couuts must thetefnre *be obtain

w7 from nu el ih’ labe p!ophase and errors may atise from 1m:17mp1et

condensed chm\cson@m The problems are compounder] }n that one o[

'the most valuable cytological techniques, thie ‘Feulgen nucleal

*stain, praduces/}nconslstent resuns with the Rhodophyta (Dixon,.,

19663) and the majorizy of studies - u:tliz d’ less specit’ic >

‘studies have fnvestigated the eftbcts: of phystcal and chemical

& factors on the induction of reprcduc:ive organs. ~The wost obvicils

- factor is Light and for the Rhodophyta “the known® ef\;ects of: light

intensity and phonoperiod' are summarised by Dixcm (19703) and Dixon

and aichamsan (1970). It is apparent thar true phompeﬂcdi
; and *

(Terborgh and Th ann, 1964) circadian rthythns gsu:ming, 1967

tntal irradiance, Yhe so called photosyn:hecic effect (Dixon, 1970a) “

are interacting and frequently confused factors'. Repor:s of true e
" photopexiodic responses are rare (Dring, 1967; Rem:schl,er, 1967, .

Richarﬂsa d Dixon, 196&) snd cvnfined‘tn membera of the Bangiales. ¥




1ndu.c:ion 1n several Florideophycidae (West, 1966 1968, 1969) N

including a member ﬂf the Ceramiac €alli ion b Lode =

. - @ o
Arnntt‘ ex Harv. .in Hook.(Edwards, 1969b, 1971).. In cul;ures of

. Rhddochonton puz'purewn (Light.) Rosmvinge (Knaggs 19663) and P‘Lkea
mhf M‘Lca Harv. {Scott ani—l}ix:ﬁ, 1971) :e:rasporogenesis was
lnduned by the transfer to highek light intensities, .than-those to,
which the plants had been a:climatizem Te(tasporogenesis hds alsn
been induced by lanrlng nutrient lEVEl€ nitrate and phospilate in
Rhodochortan Floridutun (D11iw) V. (knaggs, 1967) and nitrate ‘in
Pseudoglawphloea confusa (Setchell) Leveing in Svedelivs (Ramus, )

1969). ' o L_‘ 1

-

l'Ew scudms have auempéed to relaté data obmned on growth

and reprcduccion in cul[ure to phenologi,cal observations in the

field. A‘n'atahle exceptinn"among Er.udies on ‘the Ceramiaceae is the

i wnxk of"Eduatds (.\.969\7 1971) on CaZZ‘Lthamm.an byssrndes. =N 2

. The Ceramiaceae selected for study were members of ‘the, genesa

22 7 Négeli Callithamion, Lyngbye', and‘PZuma.!"m smmx:z. The

principal am of the study vas to obtatn their 1ife historics in

culture and toatugttita ke eifects of physical environmental

/
:factors on che control of grouth and rEptoductlun. Such data would

then ‘be used tq interpret p'henclngical obsm—vztion.s o atiral

populations. mfﬁcul;iesyere, however, encoudtered in the -

identification of several “species of Antithamion. ;The taXonomic
- criterfa of cell dimensions and branching patterns weré found to be..

. L e . 5 [
‘unreliable as’ intergradations occurred between a number pf described




Static studies on growth and form in the Ceraniaceae have

‘been made by L' Hardy—Hnlos (1970) and Dixon (1970a, 1971). Detailed
ranalysds of morphogenesis of membérs of the family in culture vere
recently, reporterl (Konrad Hakins, 1964a, 1964b, 1968, ‘1972-
Duffield et al., 1972; Waaland and Gleland, 1971) Temperatiyre,
14ght .intensity and photoperiod have heen Sk o ALFeLE the rate

of apical tell division and the enlargement of the derived cel'lls, N

factors which control thallus morphology in the Flutldeophycidae

'(Dixon, 1970a). While the taxonomic 1mp11ca:ions of such studles

vere realised (Wsaland and Cleland, 1972) there appeats to have ‘been
nosprevioussatsenpberosmppiyrilionsito the solucion of specific
problems., . '

Cultures incubated under defined cunditions have been used

" in this study, to delimit ecotypic and pénotypic variation and to

cstablish the Factors controlling thallus morphology. e studies

- have resulted in the clarification.of a number of taxonomic problems

involving specific delimitatfons.

In addition to the specific delimitations tl‘le generic status
s o 5

of the species of Antithamnion listed by South and Cardinal (1970)
ey o 3 8,

i¢ also reviewed. This review is necessary in light of the Tecent

monoglaphic treatment of sgveral tribes of the Ceramiaceae in south
Australia (Wollaston, 1968) and of Antithamnion and related genera
on_the Pacific coast of North America (Wollaston, 1971).

The form of the Rhodophyta, especialfy of the.reproductive




structures, differs markedly from that found in .other algal ..
divisions, and this has led to the creation of a specialized
d‘es{;np:we teminology. Confusion, hovever, exists due to the

A * 1ncanslstent apphcacinn of such terms am:l the gse of single terms

for s:ructures of dublaus homology. Fct the most parc terms used
in this work are eithér self-evident, or widely used, even though
some e.g. carpogonial branch (31““,’196:.), may defy rigid anatomical
: b T
definition. S - ’
Chadefaud (1954, 1960) has Hroposed'a terminology in which
he suggests that the algal thallus is constructed of a serles of
Afundnmental structural units. This concept has been strongly
crit'iciz‘ed' (Wollaston, 1968; Dixon, 1971) and its analogy with the
older and now 1a’rge1y discredited histogen .theory of angiosperm
- morpHogenesis has been’ polnted out. The terninology has, however,
gatned widespréad acceptance among French Phycologists and has been
applidd in detatl fo €he Cerﬂmiaceae w Hardy—Halus, 1970), together
with a further proliferation of terms o describe what are merely -

stages of a : dynanic prnge_s‘s. These terms are neither utilized nor

accepted in this work, as to do so could imply an acceptance of

Chadefaud's interpretation of algal morphogenesis. In addition to
i : o g
this objettion it\geems tnnecessarily pedantic to create_new names | —~
; ERgeemsiun: .

for or which can 1y be described using

‘a few simple ‘terms.

_ Four basic terms are used in thi§ Study to describe L

vegetative morphology; main aris and lateral indeterminate branch

are self explanatory, whorl branchlet is used as defined by

33 o




<y A s .10,

. Wollaston (1968) anid pinnule s a vegetative branch borne on a whorl

branchlet cell. ' Secondary pinntles may bé borne op pinnule cells.

Fay D N .
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MATERTALS AND METHODS o 4

. A
. - HERBARTUM MATERIAL

Specimens have been examined from 178 sites (Figure 1:) in
the North Atlantic, North Pacific and Arctic Oceans. These include

material, obtained by personal collection and’specimens held in the 3
‘t61lowing hebaria: Megorial University of Newfoundland,(NFLD),St. . °
Johns; National Research Council of Cassdd, AitasEis Regional Labotatory,
(ARL), Halifax; New York Botanical Garden, (NY),New York; British

+ Museun(Natural History), (BM), London; Trinity College,(TCD), Dublin;

ottava; Untversity Of New Hampshire, (WHA), Durhan,N.H.; ad the personal ‘
collections of Dr. A. Cardinal of Universitd Laval, Quebec City (QAC);

wy o collections have byen depostted in NFFD. ALL the specinens
e;(amined have been given a station/date nm‘nber (Appendix II ) %nd this.

mgl will be used throughout to indicate the source of the described N

: ‘material.
Dried herbarium specimens vere reconstituted by vetting with
+dtsefiled vater, transférred to a nicroscope slide and mounted in 17 ,
" lactophenol-cotton blue. The slides were made semi-permanent by ringing
"7 the cover slips with nail varnish. A conparison of fresh and re:r;nsti;ute‘d
material shoved that there was no alteration in cell dimensions or

f
external morphology. B )

Botanical Museum, (C), Copenhagen; National Herbarium of Canada,(CANA); ¥



FIGURE 1

_in this work have been obtained.

LOCATION OF STATION NUMBERS

"and ‘their detailed location is given i’ Ap'p:ndix 1.

Localities from which specimens of the speciés examined

-The numbers are the station m-beu
. . .
i B
s f :
= " .
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FIELD MATERTAL J . 5

T ——— by divers. Two sites, Boone Pt.,
Bay Bulls (St. 124)-3nd St Bernard, Fortune Bay (St.,104) vere
* SHpEEEEG Tnleelve servatien Hi were visited at approximately
monthly.intervals, betueed” September 1970 and May 1972, Other. sites
vere also repeatedly visited, but at irregular intervals.

Al1{data on, seasonal morphological variation and on repro-
BuSivarneriodiciey mes based on material collected at these two
sites, from the same location within esch site. Algae for culfurs
studies were separated from the main body ofthe collection, placed
ih seawater in a Twistlock pc].ythene bag, ‘and Eransported back to the
lalmxatory in a bucket of seavater. If tramsportation was ‘telayed
BapaHia EESEs), e oty - Bigl Werarpaeked TnAseHy d
insulated container; specimens stored in this mannér were still viable
after four days. Material was presérved ¢ either as in herbarivm
specimen or in 5% formalin seawater.buffered with Tris. (pli 7.6,0, aH )

Material collected for phenological study was sorted into

fertile male female bearing car] phyt
fertile tetrasporophytes and stetile plam:s, the ratio of these was

calculated. : . - 8
CYTOLOGICAL STUDIES

Fixation
— *

Specimens for cytological examination were fixed immediately

on removal from the ocean, in a 2:1 mixture of ethanol and acetic acid



diluted to 50% w;m.seawa':}; - This proved a rapid fixative and caused
2 minimum of forphologieal distortion. It was used either difectly ot
in combination with a mordant.. Adequate’ fixation occurred after 20

min. at room temperature (ca. 15”&), B;u better.results weYe obtained

after 24 h., Storage in daylight hastened chloroplast bleaching, “and

whenever possible material was stained immediately ﬂaftm’xation.

Rapid esterification of the acid alcohol mixture occurred at room
temperature along with disintegration of the algal material, though
adequate cytological preparations could still be obtained even iaftetA
GeEists e & ye'az in stofage. Material tramsferred to 70% ethanol di

not di but became and the s squash " *

: G 5 ¥
treatment was difficult. When prolonged storage vas needed material
was kept in the original fixative at -10°C in a deep-freeze, which
reduced the amount of thallus fragmentation. Fixation was neither

carried out-at specific times of day or states of tide, nor were

cultures fixed at any given period in the 24 h light-dark cycle.

Mordanting and Staining

A variety of stains have been used in the observation of red

algal chromosomes and these have been reviewed by Dixon (1966a).

by this study ’ te ne statning was used exclusivelys the
method was essedtially that of Austin_ (1959) vith a nusber of minor
modifications: It has been shown to give consiscenexy good results
for chromosome counting (Magne, 1964) but to cbscure qther details of -
nuclear structure. Experience indicated that the routine application
Jof any onie procédists gave inconsistent results and modification of

7
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£ g L
datisd fad ko e nade for areradintialsal merarisl s well as for
different batches and ages of}staln. The me‘tho\d r%quin?s the
‘ applicatiod of a mordant, either separately as a 1% ferric alum
aqueous solution; or in combination with the fixative. In this
instance a 2% solution of ferric alum in glactal acetic acid was used
in the preparation of the agid alcohol mixture. This combined
fqu:mr} and mordanting produced good results with Antithamion and -

_ Plumatia, but the {3 of- the Callithamion species

" wag weak, and e vrs separately mordanted.

Various sources of carmine were examined and carmine alum*
lake obtained from Matheson, Coleman and BeJ[‘l GO 5 qin'unqau' was
“found to produce good m‘suus. The acetocarnine was prepared by
refluxing an excess ._j the carmine In 45% aqueous aeetic acid forty
hour This was then cooled and f1ltered, and a 1% aqueous solution
of ferric alum was added dropwise until the stain acquired a smoky
grey appearance, but no precipitation occurred. ‘

Vafarini srenoyed Erom the fixative was briefly (ca. 2 sec.)

" rinsed in distilled water and if necessary transferred to the mordant_
solution for betdeen 30 sec. and 5 min. It vas again briefly rinséd ‘-'\
in distilled water, placed on a microscope slide and flooded wi‘th. ’
scitEEaT SO1dEESH,. “Tha S1408 Wae Allowi CaTata AT Foom o
temperature for one minute to ensure even penetration of ,—l;m stain.
TEWE b tidatal. £E08 30 Bat. €12 KN, REA"eleeters Tusttug

(< Blodk sat dt @ renpeTatiesJURY VELoY tE WELIAE UL BE the
acetocalmlne. Hedting was carried out until the solution became dark

grey, but no precipitate was formed: it was sometimes necessary to

s

S



- tHe setrled materfal as required. It was heat treated either by

add more mordant to achleve: this colour and this was done by stirring.
with the blade of a rusty knife. The material was covered with a
coverslip, the mde sanduiched between two Layers of bibulous paper
and the “specimen squashed by brisk: tapping with the eraser end of a
pencil. ) . ; ot

After squashisg, the materigffuas Exanined using the high-dry
objective of a microscope; 1f further differentiation of the staining'"
was necessary the slide was reheated for periods of up to-5 min.
During this reheating the edges of the coverslip were flooded with
stain to prevent the drying of the preparation. When the correct
degree of differentiation had been achieved- the blide vas exantned
with an oil-immersion objective, using a green filter to provide
contrast: The edges of the coverslip were ringed with melted paraffin
wax. The slides thus prepared wemained in good condition for periods
of from three to six months;’however, during this time the cytoplasm
gradually darkened-and eventually obscured the nuclear details.

CULTURE STUDIES
Gulture Media R

Seavater), obtained from the seaater system. of the Marine
Scierices Research labo:a:oxy at Logy Bay,formed the basts of the Y
media used in this study. The water was allowed to stand for between

fourteen and thiTty days at room temperature, and decanted from \

’ tyndallization, the seawater being. heated to 70°C for 1 h on r.htee

censecuzive‘days,, or by au:eclaving at 80°C for 1% h on a single



_occasion. Both these treatments avoid precipitation and produce a
seavater free from algal contaminarts. The autoclave treatment was

less tedious than tyndallization and as no attempt was made to isolate

‘bacteria free. gultures it ed “rreated was
stored ‘at 5°C until required. .
3 Aivo ‘culture media wers vond )
(1) Erd-Screiber (Féyn, 1934) vith an added enrichment based =~ . °.
on Provasoli et al.,7(1957) ASP, wediua aa modified by Burrovs (1956).
On occasfon a precipitate ncf;urted in the final culture medium and
this was traced to inconsistencies in the soil extract. -
(1) Provasoli (1968} ES mediun which avoids the use of soil’ '
:xttéc:. ) : . T )

4" cultures utilizing Erd-Screiber medium are designafed ER and .

Provasoll mediup ES. Details of the preparation of these media are

given in Appendix I. . \
£1% solution of-germanjum dioxide (as sodivs germanite, &

Appendix I) was added to achieve a final concentration of 3 mg per

litre of culture medius, and this (Lewin, 1966) inhibited growth of /
contaminating diatoms. Reduced salinity medium was btatied from '

steamed seawater, the salinity of which had been adjusted to 30%,

measured by a ;orcayis salinometer (RS 5-1, Beckman Instruments, New

Jersey). This.vadjust‘ad seavatsr was proportionally diluted with

t4lled water to dchieve the desi;ed'saumx, the ES concentrat

was added to produce the culture medium. - % -/

2 .



to the photoperiod with the-light period preceding the’dark, and the

Culture Vessels e

Deep petri dishes of Pyrex glass, containing approximately 250
ml of medium, were used for general cultures and straight-sided (100 ml)

storage jars of sodium glass containing 50 ml of medium and covered

-with a plastic petri-dish lid were used for the isolated culture of - %o

single spores and plants. The glassvare wag washed in detergent and 8

rinsed in tap wate before being vashed in distilled water and autoclaved

at 15 1b/sq in for 15 min. Inmediately before use the vessels were  *

.rinsed in culture medium. L L =

v Culture Facilities «

‘ Cultures veremaintained in three walk-in and three reach-in

incubators (Sherer Gillett Co., Marshall, Michigan) equipped vith aif *
’ o

7 . P
circulating fans and a set. 10.5°C;6r in a

¥
domestic refrigerator modifieﬁ b the .addition of lights a}d adjusted

to mai'ntsin a temperature nf 2 + ’L.J,&lﬂ:ing was previded thrcughout

by General Electric Sovol uhite tuhes on timg circuits p:mitting varieus
Siuny

combidations of 1ight-dazk sequg\ces in a 248\n r;ycle. Light intensities

were measured vith s seleniun photoneter (l’hatcvolc .Corp. ‘New York;

Model 200 ), and are expressed in Ix. The desired Ligne 1n:enslr.y was -

usually achieved by va:xiﬂg the din\:ance between the cultures and the ' " .

_light suurce, but: -this was, often incuxwenient ﬂ'nd dishes were maskzd with

" Whatoan #1 flleer paper to reduce the incident i11omination.

_ . Culture cl‘mdif.ions are expressed :hroughout this”work as & three

part set of figutes:-the first refers o thé tempdrature, the second .




/
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5 ©
vegetative fragments of the algae. No <t wemmade to lean the

third to light 1ntensity. -Hence 10:16-8:500 'refers 'cq a.cylture

;:nnditiop of 10°C undEr a sixteen hour 1igh.(‘ eight huur da!k >

photoregime * at Siighe intensity of 500 lx:

y * Isolation Procegure

Cultures vere obtained from carpospores,.tetraspores m-n'i t"om

“'field macerial beyond a brisk rinsing in culture medium, aﬂd the” -

initial cultures veré usially not un1a1ga1, Major conganinants®

ectocarpalean Phaeophyta.

Vegetative Culture f e » -

Q, Culcures vere derived by excising apical portinns oﬁ plants, {
placing these in culture mediym. The ‘Biral reglons are usually
ac.tively growing and rels:ively free from other eplphytie algal
groycp. If the initial vegetative z‘,ultures ‘were co,nt‘a.mlnatevd the -
apical fragmaﬂnts were alloved £5 grow and the prm:ess vas Tepeated;

¥He FilinsqUAAE SUbARLEER/ AR HEHATIY unialgal.

Culture from Sgores

Plants which “borg magure angia

were placed in culture essels the bottom of wh,ich were strewn wi:h
24 x za mm coverslips. ese cultures: wete incubated; \-suauy ar 10°C,
under low light 1ntpnsicies (ca. 150 lx) The‘parem: planr was kept )

in the culture until spoxe dischsrge oceurred, after which'it was

removed. and the sppres ‘alloved to germinater -Coversl /5 with attached,

. . B : = L]
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‘. " . . gerninated spores were then removed, rinsed in sterile medium and ;
. : :
C st placed in'new cultures whg.ch were incubated undei- the destrea . .

cnndiunns.- The cultures “were frequently- examindd 1n their early
. ,
JAFagen T comtaninaelag algse Rt PR St the coverslips with
a fine,brish. This siile SErdatnant was ysually ‘adgquate to produce

.unialgal _cultures. but occastonally a persistent contaminaghon *

occurred.‘ Such contaminated cultutes were eil:'her disnarded, or if

the spnrelings were of sufiiciem; size théy were individually trans-

L 4 “fervay, by ueans uE Eiie FOBLMPE o view :ulture ‘medtum, .
) s o ” £y ) . ;
. Hybridization Techniques’ Hygm =
. & - .

¢ " For tite fost part no special techniques were.employed beyond

e " pringing together the appropriate male and female plants in one + Lo
: 1 A -

e culture dish. An exception vas the use'uf a mechanical shaker as

utilized by Sundene (1959) ta nptimize the trzmsfer of spermatia.

The shaker (Precision Scientific, Chicago Model 16-%-10) was set at x5 A

L its lowest rate of agita:i-cn. X O .

3 Examination of Cultures v 2 -
o . - i T
Cultures were mut.inely examined thh a s:emu dissecting

microscepe. Samples’ for more detailed study vere :emoved and mounted *

oo on'a microscope slidein lactophenol cotton blue.




COLLECTION SITES

: ' SITE LOCATIONS )

All the ;ites from which material hds beén examined are listed
, 1in Appendix II together with their latitudes and longitudes, the date

of collection, the species collected and, where possible, the surface

water temperature at the time of collection, Each collection is
7 identiffed by a station/date number; numbers have been given,to all
S | sites from which specimens have been examined and as these include -

species not reported here the numbers do not run consecutively. ,The

location of the sites is given in Figure 1% ¥

"*~ SITES OF SPECIAL STUDY B .

Bay Bulls (St. 124) and St. Bernard (St. 104) vere studied in -
dbtatl; seaéon@i variations”{n temperature at the two sites are given
in Figure 2. It is realised that short tem.fluctu‘ationa o
T R S TR

temperature measurements have little significance. The two localities,

" however, show considerable seasonal temperature variations, both

“ghowing the same general trends. The highest temperature recorded
from the Bay Bulls site was 15°C in August 1971 and the lowest of
-1.5°C 10 March‘; for approximately half the year the surface

@
2 temperature is below 2°C. The lowest cempexa:ure\‘!:ez,ded for St., —

Bernard was -1°C' in March 1971 and the highest 19°C in August 1971;

a the temperature was below 2°C for only three months of 1971. No P



23 At E . >
g . e ;
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. i FIGURE 2 g
i =k
SEASONAL VARIATION Il‘(' WATER TEMPERATURE v ®
s & . - AT MAIN SAMPLING SITES . %

Spot measurements of surface water tem‘peruture at the
two main sampling sites, Bay Bulls (St. 124) and St. Bernard (St. 104)
in 1970, 1971 and 1972.: Broken line indicates 2°C for cumparison
of uinter temperatures at the two sites.
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, B ‘
‘complete data are available for other years. Both localities are

moderately exposed and have negligible fresh water influence. ' The

‘. sites are free from all but-minor domestic pollution; but the.

" collection areas within the sites are remote from these sources the

water has low turbidity. -




t THE GENUS ANTITHAMNION ¥
@ '

The genus Antithamnion was erected by Nageli (1847) and based
- on Callithamnion cruciatum C.  Agardh (1827). The justification for
the new genus was that each cell of the main axis bore two equal,

opposite, branches of determinate growth (whorl branchlets) in contrast

to, the single, alternately arran ‘ninate of the:
paredt genus. Nigell (1847) illustrated gland cells and these, along .
g ,

with .the cruciate division of the tetrasporangia he subsequently

in his t fon of the genus (Ndgeli, 1861).

Antithamion, by the description wf new specles and by the transter of
species previously assigned to other genera, principally éaliithmmv.‘pn,
Haa éxpanded to-include species bearing determinate branchlets of
equal ot unequal length arranged in WhigEtaTee Fesditvo to five G each
axial cell (De Toni, 1903). Gland cells are absent in some species,
buk present in others and may be of several types, (Schiffner and Biebl, g
*1944; Tokida, 1954).

The genus Antithamionella vas first deseribed by Lyle (1922)
to accomodate species having the vegetative appearance of Antithamiion’

but : 11y divided ia. Fe y

(1940) Showed that Antéthammion elegans Beithold could possess both
tetrahedrally and cfuciately divided spores and hence regarded this
charalter as unrelisble for generic separation. This has been con-
firmed by Sundene (1964a) who showed that Antithamionella sarniense
L;le (Antithanmion spimgrapht:dis Schiffner), the type s_pécies of the

genus, also may appear to have both types.of sporangla. The coucept of -




t ¥

s

or

the genus:. Antith has 1y been further d to
include the species with l;eti'ahedrnlly divided sporangia.
Wollaston (1968, 1971) has advocated a return, to :‘gxe nore
" limited concepts of the genus set out in the early de-scziptims
(Nigeli, 1847 1861), but also based on modern analysis.of the '
davelogiient of the carposporophyte (L'Hardy-Halos, 1968) and the post
fertildization changes occurring in the female gametophyte of

. .,
Antithamnion cruciatum.

- Seven species of Antithami, Antithamni i (Harv.)

" Far‘l. in Kjellm., A. boreale (Gobi) Kjellm., 4. eruciatun (C. Ag.)
Nag:, A floccosun (0. F. Mill.) Kleen, A: pacificun (Harv.) Kylin,

- 4. plumida (Ellis) Thur. in Le Jbi. and 4. pylaisaei (Mont.) Kielln.
are rgcorded from the stuly ares. Examination of herbariu material
«of these species has revealed many errors of ldentifica&;on as well
as div_e(gu\ces of opinion on the exact VdEIImitations of .che taxa.

~ The literature is equally.confused, and numerous_1nterrelai£qnships
* RN pkesyaeE SeLUStE LiGNe TENE YEVe GEeh DoSralAEEY.

Perhaps the most extreme opinion was that of Rosenvinge (1893) who

treated A. boreale, A. pylaisaei and A. floccosum as varieties of

A. plumula.

As wil] be’shown the-taxa dealt with in this study 'fall into

four groups: =
e PR : ‘
1.% The pylaisaei-américanun-boreale group which will be combined
in a single species Scagelia pylaisaei (Mont.) mov. comb. '
II. The floccosum-pacificun group which will be transferred to the

genus Antithammionella Lyle. . B PN
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'\ Antithamion pylaicaei (font.) Kiellm. (1883). v 3

w " - 29
g .
. i n SCAGELIA PYLAISAET (HTNT)‘ Nov, Cl;lﬂ.
s 5 ] L 3
Introduction :
Taxonomic Introduction ! ~

3 &
Antithamion pylaisaei, A. americanum and A. boreale do not

£all within the circumscription of the genus Antithamion Nigeli as

outlined by Wollaston (1968); their on as
species: is artificial and their combination as a single species

Seagelia pylaisaei (Mont.) nov. comb. is proposed. This will include *

' 1in syobnymy . the following:

Callithamion pylaisaei Mont. (1837).

Pterothamnion pylaisaei Nigeli (1861).

Antithamion pylaisgei f. morvegica Kiellm: (uea).
. L‘alhthwmwn apericanum Hatv. (1853). *

Pterothamiion anevicamm Nigeli (1861). ) .

Mﬁlthﬂmﬂiﬂﬂ MEP‘I—L‘M (lhrv.) Farl. in ljall.l. (1883).

n lapponicies l'(upr. (851). . .
Callithammion corallina Rupt. “(1851), . L ;

Callithe

btsmthmmwn Lapponicun Nigel1 (1861).
Pterothamion corallina N!ge’ll (1861),
Antithamion plumda vax. boreale Gobi (1878). )
Annthmman plwrmla var. .boz'eale £. corallina (Rupr.) Bdrgeaen (1902):

intithamion boyedle (Cobi). Kjellm. (1883).
amion boreale £. corallina (Rupr.) Kjelln. (1883). \

Antithamion boreale f. lapponicum (Rupr.) Kjellm.'(1883).



Antithamion boreale £. baltica Reinke (1889): i
-Antithamnion boreale var. corallina (Rupr.) Sundene (1962).

Antithamnion boreale var. droebachense Sundeme (1962).

5. pylaisaei, as it occurs in the study area; is composed of
two genetically isolated but morphologically indistinct entities, these
have been referred to throughout this work as Forn A and Form B. The
tise OF the/wetd Fora is metely £or convenlence afd does’ net imply &
rank within the International Code of nnunuaiunmendamre (Stafleu,
1972). It is tentxcively proposed to give Torm A and Forn B varietal
_statusas 4 Boogelia pylotaadi v, pylmsazz loig:onovs, edib, il

AN

Scagelid pylaisaet var. boreale CEOE oy conbs xespastivalyees .
An alga collected by de la Pylaie in Newfoundland' was ;—mmed in
his honour Callithamiion pylaicaet by Montagne (1837), who gave a good
description (sumarized in Table 1. ) but provided no illustration.
Harvey (1853) described Callithdmiion americamum printipally
from matetial collected on“Ehe’Massachusetts coast (Table 1. ), noted
. its similarity to C. pyzlz«fsage'f_, but distinguished it by its hore
deu‘cace appearance, the less regular atfangenent of the pianules of
the whorl branchlets and the more’ slender nature of the whorl branchlet
cells. He also 111ustratgd\hnd expanted fehe description of
' Callithamion pylaieaci, differing from Montagne (1837) only by
recording cruclate rather than tripartite tetrasporangia. No
desériptions of favellae (an archaic term For groups of carpospores
or gonimolobesd) are given by s author, nor were they seen by

Agardh. (1863) who transferred C. pylaisdei to the genus Wrangelia
s



TABLE 1

DIAGNOSTIC CEARACTERS OF CALLITHAMNION PYLAISAEI MONTAG]

A%
ok o

-~

(1837 ) CALLITHAMVIOIV

AMERICANUM HAR‘@’.‘I €1853) AND ANTITHAMNION PLUMULA \'AR BOREALE GOBI (1878)

GIVEN IN THE TYPE DESCRIPTIONS
A St
Calli i Callith Antid
pylaisaes americanum lumula var boreale
1837 Ha: 1853 Gobi 1878

Montagne 183 rvey 185 of 78 R
Overall size 7.5 cm 10 em 1.5 cm
Axial cell length a. Bx a. 5-6x a. 6x
to breadth ratio s N
a. basal region b. 1-1.5x b. many times as b. not reported
b. apical region long as broad
Distribution of tetrastichous pa;ted opposite distichous,

the whorl branchlets

opposite, paired

opposite and paired

ragely tetrastichous

Form of br¥hching of
the whorl branchlets

opposite secund
or alternat

secund or opposite
pinnate or bipimnate

secund, rarely pinnate in
basal region of branch

Whorl branchlet cells
length to breadth
ratio

not reported

(4-5)-6-8x

ra—

Tetrasporangla sessile tripartite | sessile, -elliptical sessile, cruciate
~ cruciate rarely tetrahedral
Gland cells small tubercules on | not reported

the whorl branches

not reported

w
e



purely on vegetative grounds. This transfer was not accepted by
Harvey (1853).1

. K\itzing (1861) described and illustrated C. pylawaet from

_material collected in Newfoundland by de la Pylaie, and sent to him

by Mo'nvtagne; :hfs"m?y be taken as an authentic specimen. nidl
illustration differs from that of Harvey's (1853) in that the branch-
lets are borne in whorls of three. Nagell (1861) transferred C.
pylaisaei and C. americanyy to his genus Ptorsthamion Nigell (1855),
which was based on Cqjlithamion plumula Lyngbye. Favellae were
described by Farlow (1881), who on the basis of their forn and

distribition shoved that C. pylaisaet was incorrectly placed in

¥ . < ) .
Wrangétia. He placed both C: pylaisaei and C. americanum in the
subgenus Antithamion but retained thié within the genus Callithamnion.

Gobi (1878) described ag alga (Table 1. ) from the-White Sea
as Mrsithamion plumila var. boreale and noted its resemblance to
Callithamionamericanum, but discussed it principally in relation to

Uthare is no radeonEs suspect that the date of publication of
Harvey's work (1853)’ds incorrest; in it he cites Wrangelia pylaisaei
J. Ag. Sp. Alg. 2, p. 705 which i3‘the correct pagination, however, the
title page of this. work is dated 1863. Agardh's Species, gemera et
ordines Algarum appeared in four volumes and numerous dated parts over

“\the period 1848-1901." Volume 2 ppéared, in three parts the titl&page’
ﬁt\tesxhelng 1851, 1852, and 1863 for parts I-III respectivelyi-_

co\‘lung to Dixon (Ifvinme, pers. comm.) there is some evidence that
part\LII was printed in-sections as there are differences in the type
of paper used in different parts of this work. He believes the first
section Yiay have.appeared as early as 1856. Further evidence to
support th\&s contention is that there is an appeadix added to part-II
which overlaps with the pagination of part III. It seems unlikely "
that a decade\would.pass between the printing of these two parts
without this error being rectified.’ Harvey and Agardh were at this
time in close communication, thus it would appear that ap early section
of part III was.at least in the page proof stage prior to 1853.
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A. plumuld.- He sepat::?d/his variety from

podsessed_sessile tetrdsporangia and basa portions of ifs whnrl :

plwhuia becabse 1t

brancilstaroccmaionsily bore' pinnately ar—ranged pinhules. ’

The previous work was syntheétzed by Kjellmanf(lSBB) w'ho‘

- pointed out the similarities between thé-taxa and fom\ally transfe!red

c. pylamm and C. amevieamum to the genus Antithammiod, créditing.
the transfer of the latter to Farlow. They are hence named
Antithamion-pylaisaes (Hont.) Kiellm. and 4. americamun (Harv. ) Farl.

in Kjellm., the currently accepted names. .Kjellman (1883) raised

4. plumila var. boreale to specific status as Antithamion boreale and:

vsttessed the sessile nature of the tecrasporangia and the form of the
whorl bignchlets in distinguishing it from Antithamrion plurnula. He
included’ in his 4. boreale two forms, f. la‘ppanwum and f£. comllma,
based on Ruprecht's (1851) Callithammion lapponicum and Callithamrion
cdrallina respectively, which were described from material collected
in the Okhotsk Sea: 4, boreals f. lapponicunsclosely resenbiad .
plumula in having pinnules bore secundly on the adaxial face of the
whorl branchlets, but differed 1 that these were more lax and more
irregular .1n arrangeient; it also possessed sessble :ecxgséqrangxa.
mekﬁu of these taxa had previeule;' been noted by. Gobi (1878).
A. boreale E.%mlh‘mx had three, whorl branchlets arising from each
axial cell, and these formed dense tufts in the apical regions. A

A. boreale was not irmediately sccepted as a species distinct

from 4. plwm/.la (Rosenvinge, 1893,"1899; Jdnsson, 1901; Bdrgesen,”

1902; De Toni, 1903) and was maintained with varidtal status. It wvas,

however, Jater regarded as a distinct specific_entity (Kylin, 1907;




Rasenvinge, 1923-1924) although recently it had been suggested that it. -

shouldsbe retufned-to varietal status of A. plumila (Knages) 1969).
Subsequent to.its ortginal déscription f. lapponteun has hg,e'n A

llttle reported (Zinova, :1955), but f. Gorallina has become increasingly

B dstinguished and 1o maintained as a deparate “species by Japanese

workers (Tokida, 19325, 1932b, 1954). Kynn (44 Tokida, 1932a) states

that this is* 3us:1ﬁa1>1e AT corallina ovdensas & gsmemphyte snage

in n;s life histnry, while femle tes and & 8
appatently. lacking in 4. boreale. Sundens (1962) also described a new
. variety, var. dmabachénae, differing vegn:ahvﬂy*only-snghuy from
the typical, forn, but possessinrhottive tetrasporangia ‘and repzaductng

sblely by fragmentation. ¥ "

" Reinke (1889) described.A. boreale f. baltica from the Baltic

which differs from the typical form prim:ipally. in its lack of.gland

cells. Kjellman (1883) also described a diminutive form of 4. pylaisaei

as f£. norvegica which was separated from:the typical-species’on the basis-

of its small size, but this form has been considered merely & stunted-
pe ; ery "
specimen (Foslié, 1890). .

A. americunun (Harvey, 1862), A. boreale, A. pylaisaei (Setchell

and Gardner, ,1903) have been reported from fthe Pacific éuas:_of‘ Rorth

Aerica, and these, as they occur in this reglon, have been synonymized

- (kylin, 1925) as 4, Gasidinale which according to kylin (1925)5 1s.

dtstinct from A. gnemcamum in that it possesses branches in whorls of *
three and.bears gland cells, featurés which he believed vere absent in
A. americann, hese vegetative chnzm:tets together with an analysis of

the development ot the carpospoxnphyte, have led-Wollaston (1971) to




.. Taxonomic Criterig “ . 4 . b "

i o: nbsence o

cubulutwn Barv.. hut stated ;nat :hgs; could be separate:
wldd: of the basal f1 of the whonl lrranchlnn. Recently Wollaston
(1971) has shown :Im: A aubnlat:um Harv., diﬂers :onsidenbly from
Eylin s-(sz) concept of :he apedes and that r.hu appears meraly to
Be a robust form of Scagelia occidentale. i "

. It would appear therefore from the earlier litepature (Montagne
'1837; Harvey, 1853\ Farlow, 1881 Kjellnan, 1883) that the species and
e forms .of this ok i Ve A CIMGULNGY A, tHe BRELE SEh B

-2 Ovmm otze.

The size and the ratio of the dlmnsians of t||= ‘whorl brand‘llet

&11s. ’o 3 B o . ”

The atrangenent of the uhorl branchleth, on/the uu1’ cells; *
- whether these'are oppogite in patrs or vertlclllate in whorls _
) é‘f o e

of three. % . . . . @

e .The arrangemént of the pinnules on the whorl bxanc_hl.ezs, :

“hether these are pmdonﬂnantly uec\md on the aduxial surfaces,

.ot borne pinnately, Eun on each cell.

7
r.:éamen':s (zinova,  1955; Taylor, '1957), liut in addition the presence '

.+ : These characters are those essentially used injmore modern

land' célls may alun be uaed as'a c_haiacter. When

whorl b:annme,: or pinnule as. in Antithaion plumila (L'u_aydy-ua_loa.

1968). s 4 o B TS




They are reported in 4. boreale (Rosenvinge, 1923-1984;
Schiffner and Biebl,v 19445 Sundene, 1962), but apparéntly are absent
in this species as it occurs in the Baltic (Reinke, 1889; Pankow, 1971)

s i ]
and in other localities they.hayé been‘reported as present in some

. * splants but“absent in others (Jédsson, 1901; Rosenvinge, 1923-1924
E ! % :

Lund, 19593)

Glend ‘eells are Present in A. pylau;aev_ (Montagne, 1837; .

Foslie, 1890; Schiffner agdsBiebl, 1944; Zinova, 1955). In 4. .

anevicanun they have been reported both absent (Kylin, -1925) and present
A (Rosenvinge, 1923-1924; Schiffner and Biebl, 1944), but, these authors

p " . dld not examine the type material.

i ; Gland' cells in' the Ceramiacede are enigmﬂ? structures, and
have been the subject ¢f much spetulation, leading to bizarre con-

clusions, often on the basis of little evidence. The.literature of

these has been reviewed by Feldmann-Mazoyer (1940) and Wollaston (1971).
According to these workers gland cells were First recognised by Nigeli
(1861) who considered Lien as aboretve :spcre_s. however, Montagne (1837)
| had mentioned spore-like bodles on the branches of A. pylaisaei:
Aauherer pinnularum articuli mcra;asa:i materiam grumosam b
- gongyloidedn continentes quae an ad fructificationem .
pertineat; me ula:e:.
This appears to be a reasonable . description of vhat wé now
identify as gland cells, but. this work does not appear to have been
R previously recognised. . NS '

Gland cells have been considered as fungal parasites (Cohn,
—_—

| 1865), accumulations of reserve matérial (Berthold, 1882), lenses for

focusing 1ight (Bruns, 1894),.fo havelmnutritive function (Nestler,



1899), .to be flotation organs (Schussnig, 1914) and excretory orgdns
(Schussnig, 1927). They have been»shmm’v to contain protein bodies
(Vestler, 1899; Kylin, 1915, 1927) and it has been clained that they
contain free bromine (Sauvageau, 1926), although this has been -
questioned (Kylin, 1930b). Schiffner and Biebl (1944) have described

the occurrence of gland cells it the genus Antithamion, and

Biebl (1959) has reported on their osmotic relationships in A. plumula
+ -

and A. sarniense.

/Typification ' A K

Antithamion americanim. .
In Harvey's herbarium, held in Trinity College Dublin, there
aré eight specimens of Callithammion americanum originating from the i
Atlantic coast of North America; though separately ml’:ced they have *
been attached to a single herbarium sheet. ~This sheet has been
" aiiistatad By Dr. A. R. A. Taylor "type material for Callithamion
americanum.” The annotation is ac:ached to the sheet in prnximity to
a specimen labelled "Callithamion amaricanum H. e Bedford, Dr. Roche
in Harvey's handwriting, and is mentioned by him in his description of
the species (Harvey, 1853). This would az;pear to be a xeasonable'uhoice
for' the lectotype. The plant was sterile, had whorl branchlets n
opposite pairs and the main axial cells were eight to ten times as long
. as broal in the lover regions of theplant, and were 1000-1200 um in
\length. The arrang;ment of the pinnules on the whorl branchletsiis ‘as -
¢ flgu:ad By Harvey (1853), mo gl‘and cells were observed, and the cells

of the pinnules and whorl branchlets ranged from four to fifteen times

»
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‘\)
aé long as broad.’ The other specimens on this sheet were essentially’
similar in morphology. )
A specimen from Prince Edward Islapd bore' carposporophytes
with mature carpospores and vas initially labelled C. hoseii but this
was crossed through and zeplacea' with C. amevicanum, Harvey (1853)
-also elted 1n nis dhseripeion oF O. nariamitina specimen collected by
Dr. Durkee at Porcsmouth N.H., and this specimen bore branchlets in
WBELG ot Ehibes ehGtg KR maTs rare and the. whorl branchlets were
predominantly opposite and paired; this specimen did not appear to
hiave plend caide. Dhe pleneoves Labellsd Piyn Masssebuseres Miss

Estes,"

though the specimen mentioned by Harvey (1853) from this

. t ~
locality is credited to a Mrs. Mudge, this specimén bore gland cells
adventitiously on a single cell of both the pinnules and.the whorl .

 branchlets.

Antithamion pylaisaes.
A 'single sheet in Harvey's herbariun (ICD) bears four specimens. '
One of these was collectéd by Dr. i:urkee, 1in South Boston, and was
used by Harvey (1853) to prepare his illustration. The cells in the
lover part of the axis are elght to ten times as long as broad and it
“bears nuzerpus sessile, cructately divided tetraspnraﬂgia on the -
adaxial siqe ‘of ‘the whorl branchlets. The cells of the whorl branchlets
-are two to :hgée':xmes as long as broad and the pinnules are borne
lfaEely aa Thtiurvayts (1855) {llustration. There are numerous gland
G115 on sfigle cells of ‘Ehe whorl bianchlets and plasulés:
Aother specimen on this sheet id,labelled in Harvey's hand~ ° -
writing "Wrangelia pylaisasi J. Ag." and immediately below this
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\

"Callithamion pylaisaei. Mont.". The base of the sheet beaxls the
insériptioy "De la Pylate Newfoundland.” A slip accompanying the
naterial is labelled "Ex herb Montag.". This specimen is probably

" isotype material of mziithmian pylaisaei Mont. The specimen has
the same general appearance as the Durkee material illustrated by
Harvey, but a considerable number of the-branchlets are borne in whorls

of three and these bear sessile, cruciately divided tetrasporangia on _
their adaxial face as well umerous , promine;nt gland cells. Both
these specimens are cited by Harvey (1853) in.his redescription of the
‘species (Harvey, 1853). The other two specimens on the sheet have a
general appearance intermediate between the type material of C. "
anericanum and C. pylaisaei; both specimens possess-gland cells and
one bears carposporgphytes with mature carpospores. This latter
specimen 1d labelled by Harvey "Murray Bay, St. Lawrence, Miss Casey,
No 11, C. pylaisaei, favellae'" the other simply "No. 8, Callithammion
Murray Ba)’l". This material is presumably from Murray Bay, Prince
Edvard Island and communicated to Harvey after the publication of the
Nerefs (Harvey, 1853), as neither specimen is cited and moreover he

.states that he has not observed favellae in this species.

Antithamiion boreale.

T have seen no mateflal cited by Gobi: originating from the

‘White Sea, or any material of Calli ion 1 i of C. 111
exanined by Ruprecht from the Okhotsk Sea. In his description of A.
plumila var. boreale Gobi (1878) cited material collected by Kjellman
£rom Musselbay, Spitzbergen (St. 269). I have examined speeinens from

’




- 40

this source held in the Botanical Huseum,acupenhagerf (A.W. 817a & 817b).
These specimens are labelled by Kjejdman A. boredle f. corallina and
appear quite typical of his illustrations of the material (Kjeu\min.
1883). They bear branchlets in whorls of two and thrée, their longest ¢
axial cells are 1000 lin Tong and six to eleven times as long as broad,
the cells of the whorl brarichlets are four to fivé times as long as
broad and they possess gland cells. In the upper.portions of the plants
the whorl branchlets bear predominantly secund pinnules on their adaxial
surface, but in the more mature regions the Branching pattern is more
irregular and the pinnules are borme oppositely and alternately on the
G

; T

whorl branchlets.

Geographical Distribution g7
: i

A study of the reported distribution of three specieg 4.

anericanun, A. boreale and A pylaisaci has been made by refefence to
the pertinent literature with particular emphasis on the extremes of

the ranges. Figure 3 shows fhe distribution of these species. The
maps are not intended to be inclusive of all records but to show the
overall distribution of th: species and’ especially the limits of their

distribution along the major coastlines. The reported occurrence of

. these species in eastern Canada, prior to 196!?. has been tabulated by

Cardinal (1968). v
,, - .

W,

i

Vertleal Distribution N

A. americamum, A. boveale and A. pylaisaei are sublittoral
algae, though they have on occasion been found on fhe lower littoral.

They have been reported both'as epiphytes on larger algae and growing

/"f' L ’ .. /
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© FIGURE'3 (Continued)

Nor. (70°50'N 29°09'E) (Foslie, 1890); 7. Arctic coast of Russia
(zinova, 1955); 8. Japan Sea (Zinova, 1940).

2The record of A, pylaisaei from Whidbey Island is now -
regarded as Scagelia occidentale (Wollastzm, 1971).

Antithamnion americanwn 1. Esquimalt, Vancouver Is., B.C. (48°25'N
123°29'W) (Harvey, 1862)@; 2. Fifty miles southwest of Pt. Barrow,
Alaska (70°51'N 158°08'W) (Mohr et al., 1957); 3. Disko Is., Grnld.
(ca. 70°N 54°W) (Kiellman, 1883); 4. Cumberland Sound|’/Baffin Is.,
(ca. 65°N 65°W) (Dickie, 1865-66); 5. Ungava Bay (58°-60°N:-65°-70°W)
. (Farlow, 1886); 6. New Jersey, U.S.A. (Taylor, 1957); 7. Aretic
coast of Russia (Zinova, 1955).

4
.2Thé. record bf A. americamm from Esquimsll: is now regarded
as Scagelia occidentale (Wollaston, 1971).
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AR FIGURE 3 . S
DISTRIBUTION OF ANTITHA®ION BOREALE, A. PYLAISAET
AND A, AMR ICANUM FROM LITERATURE RECORDS

Intithannion boreale 1. Friday Harbor, Washington (48°33'N 123°04'W)
~(Setchell and Gardner, 1903)3; 2. Sitka, Alaska (57°03'N 135°18'W)
(Saunders, 1901); 3. Kodiak Is., Alaska®(57°48'N 152°21'W) {Setchell
and Gardner, 1903); 4. Besboro, Alaska (6§°10'N'161°20'W) (Setchell
and.Cardner, 1903); .5. Alaska (69°39'N 168927'W) (Collins, 1927);
6. Dolphin'and Union Strait (68-70°N 113-1Y8°W) (Collins, 1927);
7. Grey Goose Is., Hudson Bay (55°55'N 79°54'W) (Hower, 1927); «
8. Ungava Bay (58°-60°N 65°-70°W) (Wilce, 1959); 9. Northera
Massachusetfs (Taylor, 1957); 10. Godthaab, Grnld (64°10'N S51°40'W)
(Rosenvinge, 1893); 11. Upernivik, Grnld. (72°50'N 56°00'W)
(Rosenvinge, .1893); 12. N.E. Coast of Grnld  (76°30'N) (Rosenvinge,
1910); 13.' Seydisfjordur, Ice. (56°16'N 14°02'W) (Jgnmsson, 1901);
14. Dyrafjordur, Ice. (65°55'N 23°35'W) (Jnssom, 1901); 1s. Torshaw,
Faer. (62°02'N 6°47'W) (Bgrgesen, 1902); 16. Cumbrae, Scot. (55°46'N
4°55'W). (Batters, 1902)P; 17. Bornholm, Den: (55°02'N 15°00'E)
(Rosenvinge, 1935); 18. Oslofjord, Nor. (59°00'N 10°30'E) (Sundene,
1953); 19. . Herdla, Nor. (60°34'N 4°56'E) (Hygen and Ju;de 1934);
20. Trondheinfjord, Nor. (63°36'N 10°23'E) (Printz, 1976);
21. Trgmso, Nor. (69°42'N,19°00'E) (Sundene, 1962); 22. Beerlvaag,-
Nor. (70°50' 29°09'E) (Foslie, 1890); 23. Mussel Bay. Spitz. (79°
50'N 15°3Q'E). (Kjellnan, 1883); 24, Solovetskiye Is., White Sea
36°E) (Gobi, 1878); 25. Matochkin Strait, Novaya Zenlya
56°271E) ‘(Kjellman, 1883); 26. Yugor Strait, U.S.S.R. (70°
°00'E) (Kjellman, 1883); 27. Actinia Bay, U.S.S.R. (ca. 76°N
ellnan, 1883); 28. Kolyuchin Is., U.S.S.R. (67°28'N
174°25/)) (Kjellman, 1883); 29. Komandorskie sy, U.S.S.R. -(ca.
55°N 166°E) (zinova, 1940a); « 30. Robblen Is., Saghalien (48°30'N
. 144°50'E) (Tokida, 1932a); '31. Dzhudshandran, Okhotsk Sea (ca.
55°N 136°E) (Ruprecht, 1851); 32. Muroran Harbour, Hokkaido
(42°21'N 140°59'E) (Tokida, 1932b).

*The records of A. boreale fron Friday Harbor are-nov
d as . (Hollaston, 1971).

PA voucher specimen of this record 1is held in BM and has
been amnotated A. plumila by Dr. O. Sundene (pers. comm. Mrs. L. Irvime). «
The record of A. -boreale must therefore be rejected. 3
e

Antithamnion pylaisaei 1. Whidbey Is., Hashington (48°20'N 122°40'W)
(setchell and Gardner, 1903)3 2. Long Is., N.Y. (ca. 41°N 73°H)
(Taylor, 1957); 3. Ungava Bay (58°-60°N 65°~70°W) (Farlow, 1886);
4. Julianhaab, Grnld (60%5'N 46°00'W) (Rosenvinge, 1893);
, 5. Codhavn, Grald (69°20"N 57°30'W) (Rjellman, 1883); 6. Beerlvaag, . .
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SHUEHIBY, ié wellas of YNaEvew il other man-dade Gblécts. s
lover depth limits of A. amewicomwm and A. pylaisdei aré poorly defined.
Taylor (1957) lists them simply as elow low water'mark and the only -

" detailed description 1Ay Edelstein ¢t aZ., (1969) with a lower depth
linit of 29 m for A. pylaisaei, and 16 m for, A. americanum on the
Atlantic toast of Nova/Scotin, These ave better<data £o% 4, hoveals;
Dbarb and Zimmernann (1964) record it as present to depths of 15 m 1;; !
Massachusetts and it reaches a maximundepth of 50 m in Greenland
(Lund, 1959) and in the Faeroes (Bérgesen, 1902). Svendsen (1959)
records'it from 40 m in Spi:zbergen, the same depth to which-it octurs

“on ¥¢s southern limit in the Baltic Sea (Rosenvinge, 1923-1924).

Reproductive Perfodicity

There are little data on.the seasonal behaviour of thelse algae.
0n the Atlantic coast of North America both A. amepicwmon ad A [
pylaisaei are sbmdant 4n sprifig (Farlow, 1881; Taylor, 1957), but
there 4s no infornation on whether they are amual or perennial. A.
anericanmn may be annual'in New Hampshire (Hehre and Mathieson, 1970);
ibo[h are reported as' fertile in spring. In Northern Norway A. pylaisaei

'_beaxs tetrasporangia 4n June and July (Foslie, 1890).

4 ibasata 4a oetasEatA perennial in Greenland (Lund, 1959a)
and in Spitzbergen (Kjellman, 1883), but in Norway it has been reported
as an armual, first found in the spring and disappearing in the late
sumer (Printz, 1926; Swdene; 1953)., A. boreale is reported from the
Atlantic coast of North America as fruiting in the summer (Tayllor.

1957) and in Greenland tetraspores occur, between June and October
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(Rosenvinge, 1899; Jénsson, 1904; Lund, 1959a), but {t is sterile in
winter in Spltzbergen (Kjellnan, 1883). Tn the Facroes' (Brgesen,
1902) and Norway (Printz, 1926) u‘éraspazeé first occur in May, while
in Denmark they have been reported in April (Rosenvinge, 1923-1524).
Edelstein and MeLachlon (1.963) xeport the occurrence of monospores| on

specimens- from Nova Scotia,” % . i \

Previous Culture Studies (L i o
No culture studies have, been reported on 4. americanwm, or_om ',
A. pylaisaei, Sundene.(1962) has cultured four strains of A. boreale

from Norway, Sweden and Spitzbergen, of which three showed a direct .

1life history with tetraspores inating to produce re-bearing
plants. The other strain (var. drocbachense Sundene) produced <;n1y
abortive sporangia both in culture and in the field. A single culture
of the Spitsbergen strain (var. corallina) produced spermatangla on
tetraspore-bearing plants, and these were also found in nature. Three
of the stratns showed only minor mrphological differences in culture
but var. carallma %as distinct, with shorter broader cells and with

) the branchlets borne predoninantly in whorls of three.

-
West_and Norris (1966) have cultured the closely related

12 ide le (as Anti ion occidentale), and found tettaspnre—
bearing plants with fierioasl, spevasfangle; T tetresores Fiom
these flants produced offspring which bore only spermatangla. They
also found a functional female gametophyte bearing abortive tetra-

sporangia.



plumula (agnp, 19

1960; n = 32-34).
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americanum or on|A. pylmsaet. ‘The_only work in this genus is.on 4.

n=23, 20 = 46) dnd on A. epirographidis (Reo,

Aixzs -of the sn.ax of Seagelia pylateasi ' L

“ the growth and development of the ’algaa.

.1‘. To examine the type matetial and to establish the\rigiﬂul

authors concept of the species occurring on the' N.E. constit
North America included in r_he proposed combination.

T5-exanine material fron as wide a“geographic,and eeologiéal
range as poasible w?(h particular reference to the characters

vhich have been used for taxonomlc. delimitation' to establish

N 1£ any 'dlstinct groups of Rlants oceur within this material.

. 210 establis the numbet of genetically distinct forms occurring

in nature by culturing material under constant, defined

_envirpnmental conditions; with particular emphasis on sp‘ecim&ns

* showing similarity with type material and descriptions.

To assess the seasonal variation in morphology and the
reproductive periodicity ih nature of the distinct forms
eatablished in culture. o

To provide, an accurate detailed desciption of all stages of '

To grow thesa forms in culture under a variety of defined »

" conditions to estabilish the fagtors cantrulling morphology and

-reproductive periadiclty..




e 7. To establish the life history ‘in culture ftam virious sources

of material ‘and by varying the culture co:@mens establish -

the effects of chese on reproduction.

Towndartake cytologiesl atudies to entdbltal the chrowseme

number 'of the field matertal ami to confirm the life history
of the species as determined in culture. )
s - : o .

. =
Observations and Results

% ¢ "

. _ ¥

L It became apparent after a cursory examinatian of, the mllected

) smaterial and the’herbariun specinens ‘(4ppendix T10) that “the eriteria

umdd by prévious forkeTs to saparate the taxa, now combined as 5S¢

pylaieae-t-, vere unwurkable. Characters involving cell dlmensinns

i ) shm:ed laxge variations, %:anchlezs were found in whorls of two; three 4
aid four, and ‘gland cells were an abundant and prominent feature of !

: some Qpecim&ns, but either rare or absent-in others.

A11 the available material was therefoze examinerl to assess the

B distributinn of these characters. The examinndon was restricted to

)e/rbarium material, which is usually a single speltimen ‘trom any ‘one

7 - locality at any one tfme. . o
: . ‘The charatters chosen for Study wweh o o 7 ”
» ey ... A.. The dimensions of the largest axial cell on the slide ;nade from
I the hevbarium matertal. . g L, §

J 3, )
%, «dd, The dimensions of the longest cell and the basal cell af ‘the -,

largest whorl bianchlet occirring on the largest axial’cell.

.iii. The number of whorl branchlets; two;three of four, bome on




R each axial v:ell' was recorded and :nese' are expressad as a

petl:entugs of the total number of axial cells examined,

A quanti€ative measure of - gland cells vas, nade by cownting the . -

§ . number present on one hundredl whorl branchlet and pitnule dells -

from the regian of the plant Where.the cell dimensions were

obtained. Gland cells are thus expressed as ‘a percentage ..

. Y4E CHRNSELBSHARTEE Sad pLAHIELE cells.

o ® The data were, | from the exa ton GE 245 1 . .

from 126 localities. The localities are shown in Figure & , and the ..
v " § . k
= data are given'in Appendix III. !

4 - ‘The dimensions of the axial cells (Figure 5&+ s)mu e range |
" . from two to twenty.times as long-as broad wich the majorxcy in the
five to ten times range. The sizes:of the whbxl branchlet cells, both E By
longest (Figure 5¢) and basal (Figure Sb 5 show a similqr spread,

* the former from ome to twenty, the la:ter from one to ten Limes a long

.as broad. The majority of the lnngest cells are from two to ‘ten timesy .
. . - the basal’ “one to four timés as long-as broad. There is no.eviderce in

. these measurzments df any’segregation. into separate grogps of speclmens‘ ;

e
2a & instead the:e 15 a l:umplete spread of rlar.a. 4 @ .~ 0
. [N
! S Thete is a variecy of whorl branchlet pattems, which aze not .

)
] campletely randum. Whorls of two and ‘four branchlets were neve;

s x ) z 5 .
¥ observed on the same'plant, thaugh ‘all proportions of whorls of o and

[hree branchle:s and various propur(ions of three and' four bi‘snchléts

.were fnumi. . These data are summarized in Pigura Se 3 for cnnvenience N
ey iavel biaen fgedied T tai percent intervals. The spread of ‘data is

. : ftom plm!s which beai‘ all, I:helr whorl ‘branchlets’ in pail’s (2:100%) . to*




'FIGURB 4.

COLLEQIUN SITES“ OF EXAHIN

SPECIHHIS UF
o smm.m pymzmz .

- Tocalities frémwhich spectmens q’f\i pylaisaer examitied '+ .
Cin this study were obtained. The localities. in cated by - the .station *
munbérs u)e 51ven An- 1,and” the

P
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B w E FIGURE 5 Ll S
VAxiAjri_oN IN HERBARIUM MATERTAL OF SGAGELIA PYIAISEI. .

v

Summary of the data presented in Appendix III for'the

herbariun material examined of the three species, Antithamion boreale, *

A. pylaisaei and A. americamum together with their varieties and forms,
combined as S. pylaisaei in this work. ; .

(a) Dimensions of the largest axial cells: . Scatter diagram of length
d

to-diameter of the largest axial cells of the specimens examined.
(b) Dimensions of the whorl branchlet basal cells: Scatter diagram

of the length to diameter of the basal cells of the largest whorl
branchlet borne of the largest axial cell (a) above.

(c) " Dimensions of longest whorl branchlet cells:® as for (b) above,’
but for the longest cell in the whorl branchlet.
(d) Percentage occurrerice of gland cells on the whorl branchlets:

Frequency of occurrence of gdand cells expressed as the percentage

. of gland cells to whorl branchlet and pinnule cells. Data from the

region of the plant at which measurements for (a), (b) and (c) above
were obtained as described on-page 48. f )

(e) "Distribution of whorl branchlets: number of ,axial cells bearing
2,.3 or 4 whorl branchlets expressed as a percentage of the total
number of cells examined. Data grouped by reducing to nearest 10 per -
cent interval and plotting this against its frequency of-occurrence

L ~

in the specimens examined.
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a single plant in which 60% of the branchlets were in whorls of four '

and the remainder in whorls df three (4:60%, 3:40%). There is an
aloost complete spread hatvcen these extremeswith the largest nunber
of plants bearing two whorl branchlets (2:100%).

‘ The gland cell data (Fygute 5d ) show a similar .spread: no

"gland cells could be detected i Bive uf he spe‘z:imens-exammed
(é'c. 73.1, AW 412; St. 101.2, AW esé; St. 124.3, AW 814;+8c. 135.2,
1. 813; 5t. 1715, AW 854), and in large nurbers of plants gland.cells "
occurred with a fr‘equency of less than one percent. At the other

" extreme, in a single specimen (St. 98.2, AW 809) 32% of the whorl
branchlet md'pinnule cells bore gland cells. of special interest are
the two spectnens originaling from the Baltic Sea (St.’ 262, AW 314
St 263, AW 304) the forner labelled 4. boreale . Valtica; buth

.possess gland cells.

The examination of field aid herbarium material revealed a
complete spread of data, and extreme farm‘s showed: very different
morphologies which would previously have been described under separate
specific names. It is'impossible to tell from material-collected in.
the field whether these morphologipal differences hdve:a genetic basis,
srmarimeraly snvironmentaliy-Todiced: Vagetablls Erggme;xts of plants
vere, therefore growi in culture under defined, conditions.

Initial culture experiments with plant apices shoved. thaé the

- ‘algae undervent conslderable sorphological change particslarly in
branching pat(:em and cell size, the characters used for specific ’

v



delinmitation.
"Figure 6a shows an extreme example of this change in culture (ER

10:16-8:150),in a specimen (St.124.14) which,prior to culture, had

 pinnate banchlets ‘borne in whorls of three with the cells of these beatoE
Jets. two to three times as long as broad A transition zone can be seen
separat!\:lg the two distinctive marpholog;gs of field and culture. The
norphology préduied in eulture is different from that initially exhibited
“in that the whorl branchlets are borne in groups'of two  and three and
show in‘egul‘ar arrangement of the pinnufes, the cells of the whorl

A branchlets and the pinnules are also considerably narrower. :

.* A number of algae selected initially for their wide and distinctive
morphological ranges were cultured in this manuer and thé cell T
‘branching pattern analysed before and after culture. The characters.
chosen for.afalysis. vere:

1. The number of whorl branchlets on each axial cell. ' -
if. The dimenaions of the thirticth axial cell from the apex of the -
' _ plant. B ’ !

111. The form of the Targest whorl bradihlet borne on this esil.

iv. The d'meusions of the lgpgést cell of this whorl branchlet. .
The matetial used consisted of the first twenty to forty cells”
OF ‘an apex of the plant,, which was cul:ured (zn or ES 10:1618:500) fgr
a périod of between thirty and fo:ty days fh addition the largest -
i), EeXL.oF e paret’ plane Sl tlie Tengst Sell 6F the largest whorl
branchlet borne on this, were also measured for comparison with the
herbarium material, The whorl branchlet morphologies are assigned

to one of fivé descriptive categories: simple, secund, frregular, -



. ) . FIGURE 6

/ T+ .scacELIA byLLqISAEI

; ' ,
Apical fragment of Form A (St. 124.14, Bdy Bulls, February 1971)
atter culture (ER 10:16-8:500) showing transition (IZ transition
zone) Emm field morphology to culture morphnlogy.

Form & (st.¥124. 24, Bay Bulls, October 1971) branchlets i whorls
6 two and three, pignules secund or irregular, cells have high
Length.to diameter ratios.

Form A (St. 124.21, Bay Bulls, July 1971), branchlets in whorls’
of two and three, pmnuxes irregulu or pinnate.

Form'A (St. 124.16, Bay Bulls, March: o7ty vratichlets 4n wiorls
of three and four, pinnules pinnate and bipinnate,.cells have low
length to diameter ratios. ~

Form'B (St. 104.17, St. Bernard, October 1971)&ranchlets in
whorls of two, pinnules adaxially secund, cells have high length
o diameter ratios. B *

Form B (St. 10'0 14, St. Bernard, ‘July 1971), \Jranchlets in
whorls of two, pixmules secund or irregular. '

FormB (St. 104.21, St. Bernard, March 1972), branchlets in
whorls of two, pinnules ureguur of pinnate, Cells have lov
length to diame(er ‘ratios.

All scales throughout = 250 pm







pin'nste and bipinnate. Simple branchlets have no pinnules, secund
" bear thém only on one side, irregulax on both sides but not arranged
opposite and paired on each cell as in the pinnate form. Bl;;inna:e
is an extreme form vhere the pinnules bear secondary pinnules in a
pinnate manner. e
Apical fragment; from :hlr:y-on: specimens were cultured; the
I station numbers of the localities where these obtained together with
pre- and post- culture data are given in Appendix‘IV. The atstributidn
of the whorl branchlets is shown in Figure 7a-c in the same manner as
the herbarium material. Figure 7¢ shows the distribution before and
after culture. R
Prior to culture there is an almost complete spread of ;mmbers ,w
of whorl branchlets from paired to.a specimen with 40% of its branchlets
14 whorls of four, After culture a complete segregation occurs into two
populations one with all the whorl Branchlets in groups of two, the
other with the whorl branchlets in twos and threes ‘!aﬂging from 2:50%;

0% to 2:10%; 3:90%. .The former group wvhen superimposed on the

original fleldsdata shows that-this tendehcy to a reduced number of
‘Whorl branchlets is also apparent in the fleld ‘matertal, but is
obscured :by the .natural ‘variation. She spegimens which, after culture,
g usp— Wik be xeferréd

to as "Form A", those with their branchlets in whorls of two as "Form B".

The - ce] ﬁneasurements are. also plotted: (Figure 7d-g). 0i>2§ #
- points denote specimens having Eorm A and solid points Form'B.
: 4 . =
Figure 7d shows.the data for the largest axial cell prior'to the

excision of the apical region for culfure. ‘There is a genéral
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- chariges in culture (ER or ES 10:16-

 FIGURE 7

. MORPHOLOGICAL CHANGES IN crh.rum APICAL FRAGMENTS *
OF SCAGELIA PYLAISAET

. o v

Sumary of the data presented in Appendix IV of morphological
1500 for 30 to 40 days) of
excised vegetative apices of Scagelia.pylaisaet.

(a). Whorl branchlet distribution prior to culture: Frequency of
‘occurrence in whorls of 2, 3 or 4 for cach, plant expressed as a per-
centagg of the total number of axial cells examined. Data grouped b;s
reducing to nearest 10 percent interval.

(b) Whorl bram:hlel: ﬂlstrihu!iun sfteg culture: Data presented in
(@)

same manner as for

(c) Whorl-branchlet distribution prior to culture; with S. gylais{zei
Form B superimposed: 5. pylaieaed Form B in culture only bears
branchlets in whorls of two. The plants of this form after culture
are identified on the original/material as the shaded area.

(d) Dimensions of largest axial cell prior to culture: Scatter diagram
of length to diameter of largest axlal cell on plants prior to excision
of the apical region for.culture.

(e) " Dimensions of thirtieth axial cell prior‘to culture: as for @

. above but for 30th axial cell.

(£) Dimensions of thirtieth axial cell after culture: as for (e)
above but after culture.

(g) Dimensions of lon

est cell of lar
the thirtieth axial cell prior to culture: Scatter(diagram of cell |
Tength to cell diameter In plants prior to culture.

(h) Dimensions of longest®cell of largest whorl brarichlet borme on
the thirtieth axial cell after culture: as for (g) above but af:er
culture,

For scatter diagrams .(d) to (h) ogen points are for 5. pylauaez
Form A and solid points for S. pylaisaei— Form B identified by their
whorl branchlet distr&hution as in !(c) above.
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spread o tHedate, corresponding.in o with the spread

SE" the. herbartun data (Figure 5a), with no segregation of Forms A and

Figureje; g ahid the same d:t‘a, "but for the thixtieth axial

cell and the corresponding whorl branchlet cell. Wile both the
‘dimensions and the range are considerably reduced in comparison with
* the data on the largest cell, there is sti1l not, any segregation of
the two fo,'ms‘ After culture (Figure 7, h) hoth the range of the
. dimensions of ‘the thirtieth axial cell and associated whorl branchiet
_cells are considerably reduced. There ia, hovevér, still fo segregation
of forms on the basis of axial cell dtmens tons, but the whorl Branchlet .
el gives a complete separatiqn. Form A has shorter and Wb
(Length : Diameter 4-7.1:1) cells than Form B (Legth : Diameter
8.7-12.75:1). - .
The whorl branchlet morphologies (Appendix IV) also show o

separation of the forms after culture. In Form A, they are secufid to

irregular but in Form B simple to barely secund.

. Seasonal Variation in Vegetative
. Morphology of Form A and Form B

“In view of the wide morphological range shown by the herbarium -

i ' material if vas decided to study populati_ons of both Form A and Form B
to detect any seasonal changes which might occur. ‘Samples were there~
fore taken at the two major s:l;dy sites Bay Bulls (St. 1243 for Form A
and St. Bernard (St. 104) for F‘orm.B. Both forms occurred -abuhdantly
throughout the sampling period, and with exception of a single
corTection hypeared healthy,but at St Bernard in August (e, 104.15) the
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_majority of plants were partially bleached and several were obviously
dead. * h o % ' y
"Form A was coliected from a vertical rock face at depths
between two and five metres, and Form B from similar depthg on stable
boulders. The specimens from these limited areas ;hqwed considerable

uniformity within each collection, and the dethiled examination of ten®

specimens was found sufficient to adequately reflect the morphological

variation. i
The mature portion of the axis'of each specimen was examined

* and the proportion of the mumber of whorl branchlets on'each afial
cell determined in the Game manner as the herbariun material. The T
Taigsist BEANENIEESLS s WNSELIGH $VRLY other axtal cell between Cells’
thirty and forty vere examined and each cell.on the branchlet coded on
ehie malier sEitanulen ehEE.1t bore:(0, 1 or 2). The data frz;m ail the .
plarts dn o sample were combined, and the nunber of cells bearing
siter 0, ox 3 pfonules bxprensel s = percentage/gf the, total
number of cells examined. The length and dtaneter of the basal cell

and the longest cell of éach branchlet vere measured, and the mean
dinensions of the cells, £ifty in each samfle,. calculated. The
percentage of the whorl branchlet and pimmule cells which bore gland

cells was calculated in the seme manner as for the herbarium material.

Form A: .
Figure 8a 'shows the percentage of axial cells bearing one,
two, three ‘and four whorl.branchlets. Throughout the greater.part of

the year these are found in whorls. of three.  In the gariier months of

.




_or 2 pinnules.

PIGURE 8 - . .

E SEASONAL VARIATION TN mnmowwg W g
- = % Sj‘AGELI/i PYLATSAEI FORM A -
,

(a). Whorl-branchlet distribution: Percentage of axial cells'in the’
mature Teglons of the plants henring whorl brarchlets m whotls GF
2, 3 or b )

(b) Pinnule distrlbutign on_whorl branchlets: Percentage of whorl®

braiichlet:cells from the matdte regions of the plﬂnts bearing 0, 1

(e) Whotl branchlet cell dimensions: ‘Length and dihmet_et cf‘the
longest (L) and basal (B) whorl branchlet cells in mature regions of
the plants. Data are obtained in eﬂch instance from 5-cells on ear.h
of 10 plants,-and are presented as a mean * standard érror (solid
bar) and * standard deviation (ver:lcnl 1fne). . For each pait‘ of,

* measurements presented on the same vertical line the larger is the

ALl data are from a mean pf 10 plants in each samplz obtaine

cell léngth, the smaller the cell diameter.

(d) . Whorl branchilet ‘cell: 1eng:h ‘to diameter ratio: Rafid of mean
length: to mean diameter of longest (L) and basal (8) whorl brapchlet

cells, from, data presented in (c) above. . . e

1%
Bay Bulls (St. 124) between Fehruaty 1971 and January 1972,




i o2

1971

*samgling date (station datetrumbe)
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L1 . 4y
the year there are significant numbers of four branchlets; but this

.. . oumber is reduced in summer, and in fall the projortion of  the' branch-
‘lets in wh'ous M two reaches a maximum. Towards the epd of the year
there is a teduction in the number of whorls of two bzanchle:s and an .

S --increase Ln I:he number nf axial cElls with*whorls of - threa and four

branchlets. ' =

{ . The, arrangement ‘of the pim\ules on the whorl branchlets v

. (Figure: 8b ) also shnws.a ‘narked sessonal® changes” ‘In the early part
-y B of the ,yézug the majority of whorl branchlet cells bear two bpposed
plinules, giving ‘the branchlet & pinnate appearam:e. The rem;ﬁning -

- whorl branchlet cells either cnmpletely lack or rarely bear a single

pinnme@ After Ju1y “the mjoricyﬁ“ﬁhmlec cells edt e\tyther Tack

pinnules or bear :hem ngly; the branchlets thus Have a secund or

| et appearance. P L g N
The whotl bxanchlet cell dimznsions are givuu ih Figure 8¢ E :
In the early months of the year the length- of the longest cells.in the

. “branchlets shuw no apparent change put 2 small: decrease in September

21 ;
45" folloved by a-significant increase i Qctober and! November. . The h

cells pxoguced in Decembet are_ shur:er but

hare is considerable, - %

5 vsriatiun in the sample. J gl L E .

The diameter 6f the longest cells also,shows seasonal variation.
. ; x
A slight incregse occurs between February and June, follgwed bya

marké’d decrease after July and"ﬂﬂs diamel:er is then maintained until

s D:tober, when an increase again occurs. - e w

’ “These changes have a profelmd effect om’the ratio 'of cell 1engch LR

to diameter. The cells are twice .as long as broad in the period between . -

.




February and April and the ratio increases f reach a maximum in -
- ™ October of five and a half tines as long as Q The basal cells of
: (:he branchlets show the same trénds as the longest cells and uhile 0
. they’ are shorter, their diameter does not differ significa)ﬂfy fn:m
™ s o the loagest :fus. The length to d!.ameter ratio is thus B 4
snaller. : = . : &, -

Glamd cells vere present and Common. in ‘all specinens e}mmingd 8

® at an tines of the year (Table 2 )0 In most months chere 1is
considerably gredter variation in gland’ cell — between specimans g
in the same collectiﬂn than bem;en separate ccuec,r.mns, and no '

vsignificant seasonal trends are evident.

The variation-in whorl branchret arrangement on the axial cells

is shovn in Figure 9a:, as for‘Form A" -AlL the specimens ‘examined

14
showed a prepondérance of ;uu&hou T e g axtal cell wieh

aneden wilkee beauihlets Gecurelng foAly rarely diring: cortaln monthe.s .
'smgle branchlets were absent betv;eén Max‘bénd July. *Three branchlet

. 8 vhorls were not. detectsd in Dctober, Novembe‘r and Decefiber and whorls . ‘

" ui four branchlets were never abserved.

& ) v Th.e arrangemem: of pim\ulas on’ the wherl@ anchlets (Figure 9b )
= diffets from that displayed by Tors A, There is considerable seasonal
\mriation, but,never a preponderance of. cells bearifg two pinnules., A “ .
‘nunber &f. brfnchlets can, ‘hovever, be found in the early months of the _. 0 P
" year (February to April) with pinnately aitangejoimulest o mat " ¢ ;

- sumger months (June, July) there 18 a decrease in the incidence of /A
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o : TABLE 2 . . . \
* 'SEASONALI CHANGE IN OCCURRENCE OF GLAND CELLS ON
o)

" © 8, PYLAISAEI

/. Seasciinl cha.nge in the frequency of gland cells of* 5. pylaisaei

Form A at Bay Bulls (St. 124) between February 1971 and January 1972,
-and on 8. pylaisaei Form B at St. Befrard (St. 124) between November
1970 ‘and January 1972. Data is expressed as the percentage of gland
cells.to whorl branchlet and pinnule cells in the mature regions of
10 individual plants in each sample. "

Collection Statjon/Daté © Individual Plant Number ... ;
- Date '  Number. 1 2 3 4 5 6 1 8 -9 A

S. pylaisael Form A, Bay Bulls St. 124 -

* Feb., 1971 124.14 10 10 10 9 9 8 8 7 71 7

.° March 1971, .16 1%4.112 12 8 5'5 5 4 3 2
April 1971 .18 13 11 10 -9. 8 7 776 5 3

May 1971 .19 13 1211 9 8 7 7.5 4 2

June 1971 .21 15 15 14 146 13 12 12° 10 8 &

‘ July 1971 . ° .22 16.12 11 10 8 '8 8 5 57, 4
. Sept. 1971 ' .24 _ 16 1% 9, 9 7.5 4 4 4 2
. Oct, 1971 25 712 12,11 .8 8° 7.5 4 3 3

1 Nov. 1971 26707 14 12 10 9,9 9 6 5 4 3

© Dec.197L° . .27 15 14 12 12 12 10 8 6.-8' 6
. Jan, 1972 » .29 18 17 16 15. 15 14 "13:13- 12 10 -

. g ® . . o

. . 8. pylazsasz Form B, St. Bernard St% 104 .

: Nov. 1970. 104.7 - .5 3 2 2. 2 1 .1 0 0 0
T Feb, 1971 | .10 7.7 6 6 5 3 1 1.1 1
e March 1971, 1. 12 8 7 05 4 4 4 402 .2
©. . April 19N’ 12 9 86 6.:4 "4 4 3.3 53
Jure 1971 . 13 7 +6 5876 & o3 2 "1 4

July 1971 W14 7 4 3% 2 -1 1 1 .1 .0

Sept. 1971 - 6 7 .4 2 21 14 1-0/0.0 ©

Oct. 1971 Wy 31 1,1 1 0 0-0 0 0

. Dec.l97r. . ' .18 6 5°8k .3 3, 2.24L 1.0
Jan. 1972 * A9 8 7 675 4”2 171 1 1

" . * . L Y t *




FIcURE ’ )

EASONAL VARIATTON" IN MORPHOLOGY OF P
SCAGELIA PYLAISAET
FORMB . 4
J

*.(a) Worl branchlet distribition: l{ercentsge of axial cells in the

mature regions of the plants bearing whorl branchlets in whorls of 2,

3ord

(b) " Pinnule dlstribution on whorl branchlets:, Percentage of whorl
branchlet cells from the mature regions of the plants bearing 0, 1
or 2 pimnules. @ B

(c) Whorl branchlet cell dimensions: Length and diameter Sf the,
longest’ (L) and basal (B) whorl branchlet cells in mature regions of
the plants. Data are obtained in each instance from 5 cells on:

each of 10 plants, and are présented as a mean * standard error (solid
bar) and * stanﬂag: dgviation_(ver:icnl line). For each pair of
measurements presénted &n the same vertical line the larger is-the
cell‘length, the smaller the cell diameter.

(d) Whorl branchlet cell:length to diameter ratio: Ratio of mean

length to mean diameter of longest (L) and basal (B) whorl branchlet

.cells, from data presented in (c) above.

All data are.from a mean- of 10 plants-in eal:h sample obtaiﬂeﬂ from

SE. Bernard (st.. 104) between Nnvember 1970 and Jauusry 1972.- . 8
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pinnate branching and .a corresponding ircrease:in the nusber of whorl

* branchlet cells bearing only one or no pinnules. Jihis“nend is continued.
14 e 611 K6 Hhe ViPEaal excliusion sfiall t¥e apposttely aviamped
pimules and the, forn of the branching is at this time predominantly
Seciid OF LrERERLER, 1 ) 5 )

The snasonal variations: tn the dimensibus’of the branchlet Ccells,

(Figure 9e,d) show obvibus similaritiés’with those of Forn A (Rlgure 8c,d):

In the early months of the yesr the cell léngths show no significant -

changes, but an abrupe decrease oceurs in Jume and July. A eseuze 7

occurs by’ Septentier and ehis trend coneinues uptil Novesber. * Maximum

cell diameters occur in March and April with a considerable decrease m

June and July; but unlike their lengths the ‘cell diameters do ot

"' incregse again in the fall. An identical pattern of variation is shown

by fhe basal «célls though these are’always shorter than the longest

‘11, ’
) -\

The seasonal variatjon 1A the ratio of lengfh to diameter is '

more marked than 1n’1~"om A, the lghgest cells are approximately twice

_as lnng as broad in Febr\mry, March add in Rprn -and :ms ratio
inereases to'reach a maximum or s & NaTkuE EEaE In both
Mok dnd B, it is the seasénalﬁ variation irdiameter of the cells,

rather ‘than’in le,ngth'whtch si’gnificantly affects the ratio of the
B . . 4 -

dimensions: %' e g -
Unlike Forn A, Forn B shows considerable seasunal changes in
¢ the number of’ gland cells present on the plants (Table 2 ). There
.‘is, howeberss cnnsiderable veriashoncn the samples but gland cells are

generally fewer thax\ 1n Form A, Gland cells are most ab\mdan: in the

s B g L .




_early months of the year with.a small decrease’ in number decutring

between Fehruary and July, but. in’ Sepfember the percentage of gland

g Bgus decteases ‘and this'is matntained in Octoher and Noyember.
several plants were observed Wuring: this period which apparently
Lacked gland cells. .

The scasonal’ mrphological vartation shown by Form A 1s

illusttﬁd in Figufe 6b-d, and by Fort B in Figure 6e~g.

v " ‘Morphological Variation in Culture . 3

In view of: fhe marked seasonal changes in morphology observed

- in both Forms A and B, a number of cultures were initiated and incubated

under a variety of controlled‘conditions in an attempt to eluct
) : 2 > z :

some of the Shysleat Fagtors controlling the ‘morphology of the algae.
_The factors chosen for stydy vere e intensity, temperature and
) daylength. v
. Establishment of Cultures: .
- Four ;ulture s'e}'i.es vere established, obtained from’ s{mres '
\( reieased in each 1nstanc‘e1‘£tom'ﬂ single-plané. T
CatEratadEls (1)  Form A, tetraspores, from a plant obtained at.

Bay Bulls (¢ 124.20).
Culture series (1) Form B, tetraspores from a slant obtaiged at
Grand le Pierre (St 101. 3), This plant was

 iritelally Sterile and develaped tetrasporangia in

% LA o . culturé (ES 10:16~8:500). N .
, R . £ s 7 LB -
£ ¢ . Culture series (iii) Form A, carpospores, from 4 plant obtained at s

Dok
o Bay Bulls (St. 124.22). - ~
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0 | R 3
Culture series (iv) Form B, »£oh a plant obtainediat

P Yo s:‘ Betnard (St. 104.18}.

The plants were placed‘in culture ( IS 10:16-8: 150), ‘and spore
distharge and germination accp:gd within 24 hrs. Coverslips with
adhering spores, but free from other algal contaminants were then

transferfed to mew culturés and incubated under the desired conditions. -

‘Spore Germination. - P ) )

] Carpospores ad cetidspores, of both Form A and Forn B gefminatet

i a1 smanner, but two patterns of germination were observed

“in‘all culfure series. The commhcst patterh ‘was the bipnln Ceramium-
type of germination (Ghemin,1937), but an aberrant unipolar type aléo

" Bipolar germination: AP the time: of transverse division the
::ztposplores and tetr'aspores reibured 50—35 piin diameter. The two ce‘lls‘r \‘ 3
divided againy in :he same plane, one to forp an upright vegetat).ve : Twb
filament, the’ other to produce arn attanhmg rhizoid (Plgure 10a ).

7+ Thepolarity of gemination vas unatfected by the duec:ion of
the incident Lighe; bt e S vegetative filaaent increased in length,
it became positively phntotrup)c. < ’ >

Unipolar iPEfot to germination the dfschatge .. 5w

sporks yere 45-60 po in ﬂiama[er, and the initial divigioil was into a

tio unequal cells (Flgure 106 ). The smaller ‘divided ‘again to imauce

what at’first dppeared to be a uprwal; wegetative filanent (Figure 10b )’
®. Gf tuo or three cells. The termlnal cell of this fuament however, # i

* became Elcngatcd with reduced pigmcntac;.on and developed fnto . 5 -

L3




§. " FIGURE 10

SCAGELIA PYLATSAEI

(s). Normil bipolar typs of spore geruliation prodicing a rhizotd,

- (RZ) and a vegetative axial filament (AF). Scsle = 10§ ym .
4 . () Aberrant wipolar germination, no apical growth but a filament '
P . %f cells terninating in a thizoid (RZ) produced bysally. p )
. _—n Seale = 100w 1 . S
s 6 csa dhomisal £4 g sporedtv it tarsnlly tsdie the F

vegetative axial filament while the rhizoid (RE) develops in 3
the normal manner. Scale = 100 = B

. (d) “Gonimolobe uuh catpospore germinating in oity, all vegetative
. axdal filaments radiate outvards.. Scale = 500 im

(e) Interphase nucleus (IN) in an apicak cell (AC)'with prominent . ot
< . nucleolus (NU) .. Stained with® acétocarmine. Scale = 10 hm i

(£) Spore with fevk nuclei (N) showing aberrint(unipolar germination

« pattern. Stained with acetocarmine. Scale =\§0 jm ' :

) . Nornal' spore germination with -uninucieate (N) tell producing .
apical grovth and a rhizofd (RZ). Stained with acetocarmine. R
Scale = 50 i .

~
, .* .+ () Binucleate (N) condition of three carpogoniyl branch cells (cnc),
Me o ©  thegsingle carpogonium (C)anucleus is not vfsible, = ]
. supporting,cell. Stained with acefocarnind. Scale = 10'%im .
T 5 s
3 ~ T . T 5 o
. T ¢ ' :
. B
- - - \ g B0 e
. S .
g A g 2 & .
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. & rhizoid. ’rhe:ceu proxinal to the spore then divided laterally, amd e

the branch thus formed developed mto a normal uprig)u axis (Pigure ioc ).
3 In situ germination: A single gonimolobe of Form it

sértes (111) da1d not Telease its carpospores and these were s choerved

‘to have germingfed in situ. ., The germination was bipolar, the rhizoidsl ¢

pole difected toward the centre of the gonimdlobe, the axial pole r.fwnrd_

thie.periphery (Flgure 10d). .- . ~ . 5,
"‘.- R : L " -
Culture Candicinns. . P _—
%, N i " -‘Culture seriea (1 ~iv) were incubated \mdar the conditiuns glven “.
" m Table 3 . E§ mdium was uaed :htnughuut. and was changed at 7 '
approximately weekly intervals.' o
N - Results were rmt obtalned from lll cbnditiom 1|\vesdgated'
) _ elther because of culture ch‘uuber failures, or because of msufncm: T
! . matertal. -t S . T®
'Bullmtnm of Cultures. o - % 507 s ¥ a%e glee o

Cultures vere examined for grosth rate, Rorphology apd gland ., 3

. cell productfon. Y X

Growth ritest Growth Yates in cylture were measured by cell.

* counts, diher directly using a" ular dissécting micr _' or'by

" the rernoval of a ulmple Fromieadh eulltufe and observing :his after

mo\ﬁm:ing 1n lactnpheno‘l-cottun blue. The lattar methnd was ftequell y

usad as it permitted more accurute counts. All the coun:s zrbpf

-wiege:a:ive c&lla, muudmg the lnxtial spore cell, m excinding

. - «thizold cells, glmd Safts and'any cell of repmdut(ive snuc:urei"‘ o g

Two- n\mts‘ﬂetn ohningd from euch plantA one of the pumber qf caus




s i TABLE'3 B
¥ 3 .
E < GONDITIONS UNDER WHICH cm_'ruus OF FOR A AND. FORM B OF S"PYLAJSAEI HAVE BEEN GROWN.
.y i = CULTURES FROM TETRASPORES OF ‘FORM A.
i = CULTURES FROM TETRASPORES OF. FORM 5. 4
111 = CULTURES FROM CARPOSPORES OF FORM A. . . 3
. \ iv = CULTURES FROM CARPOSFORES OF FORM B. "
Culture | Light = |~ . Temperatire, °C: Daylength (light-dark), hours
...-|series .| intensity- — - -
o : : 1x 2:16-8 { 5:8-16 [ '5:16-8 | 10:8-16 | 10:16-8 15:16-8
1200 B wiffe ek T Lt S T+
2 i 500 - ¢ 24 # | #C & g *
1 5 150 + -+ + o+ o
& p ',+: e G .+
+ + + +
C + ¥ .
. .
# R R + \\ < 2
s . 3+ + o 3
+ - -+ - oL +
# C ot P F ) +
3 + + + 7
_Ep R +
PR = )
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in the main axis, the other of the total number of c’ens._“

Total cell counts weré btained up to sppraximately one hundred

cells, after which they became subjec: to excessive errors. N\t was not

- feasible to remove a sample of. a fixed ‘number of pl.:mr.s for .each

observation, hence data are presented as a uean, Lugethet with stand,nd ;
" deviation and standard error of the mean. . ' . wto b,
Detatled cell’ counts were obtained fromculfure series (1),. -
z 5 5 ©

(11) and (144)." . o, . - 5 §oR <

T , ’ Norphologlcsl measurenénts: “Plants shwed Ldenteal mprphologies,
5 p { Yorphologlesl measurentnto: wer

= ,under fixed Cunditions, 1traspective of whether r_hey had bean derived

ol 0 ftom carpospores oF tetraspores. . Morphological measuremnts‘ of_Form.A

. and Forn B were made from ‘culture series (1) and (ii) erm plants which

o dbaad & iG] fifty main au’ialr cells. - They were thereforé of

- ¢ different ages, depending on :}&e culcure canduions employed. Each set
5 \
. of measuxements was obtalned from ten plants. Thé' following measirements

P e "’-»

nd, Ath, 8th, 1ch 12:)1, 15th, zuch, and'25th axfal celfh;

(b) The numbers: of whorl branchlets per a}dal cell

n the ‘region

. between'thé apical cell and the 25th axtal cell. This data has,

T . for .cnnvenience, been divided into five grobps o | 5

*, “Group I, :he npical cell to axial cell 5.inclusive. .
g Ty i - ¥
Groyp II. axtil cell 6 to axdal cell 10 mclusxv' )

.« " croup III. axial “Eé11. 11 to. axial celi a5 1nc1usiv9'
Rl 7 Group V. m'at céi 16 to axial cell 20 inclisive.
i Y Groungy. . asdal cell 21 to axial cell 25 ipclusive. "
. |




up cc@siscs of .five axial cells frym ten plants, making a total
- of fifty axial cells in each group, for.each culture conditiod examined.

Each axial’cell was examined“and the percentage bearing one; two, three

01’ four whnrl branchlets calcula:ed. 3 =
“+! (e) Thelengeh, diameter; and ratio ot dength to diamet;r, of the
basal cell and the longpst cell of the whotl bramchlets.

(d) - The atmngemnt of pianules,on the wl:orl branchlets talculated
- in the same manner as for the fleld data. ' )

. Y e Measurements (¢) a.nd (@) were nbtained from five whorl branch—
lets on each-plant. The hranchlets «chosen were; the largest of the
whorl on axial cells 28, 30, 32; 34, and 36. When an indeterminate

branch was encountered in any vhorl, the largest whorl branchlet on the

nesit “distal axial cell was measured, and on alternate cells affer this,

9 w1l five branchlets on each plant. has been examined. S

Mature whorl hranchlets: The whorl branchlets, for measurenents
7 () and (), were inicially chosen because they appeared to have reached

thefr maximum develupmgn( both in cell size and pinnule arrangemenc.

tonfirn ‘this decisiun mgasurene :”é;,(:) and (d) vere made on every®
2 5th axial cell, between number'5 and 50~1nc1usxve, in ten p1ancs of

W " Form A from culture senes (1) at 2:16-8:1200 and 15:16-8:1200.> These
5 8 are two gf the-more esn;rgme conditions employeds " . ‘?

s The data o cell measurements (c) and pinnule arrangement (@

are ptasented in Flgu:e 11 Both sets of data show :he same trends.

© a rapld increase in cell size and numbers of pinnules up to the whorl®

branchlet on axial cell 20, a slight increase in the branchlet borne on

cell 2%, and no significant increases distal to this point. Similar




- Whorl branchlet cells bearing 0, 1 or 2 pinnules,

. (B and D) Length and diameter 156 longest cell in the whutl ‘bhanchlet:
" Data are presented as a mean * standard error (solid bar) angd *

FIGURE 11

moxruowcxcu VARTATION OF WIORL BRANCHLETS' WITH POSITION.
ON'THE AXIS, IN CULTURES GF
. SCAGELIA PYLAISHEI .
S 0 _rom A oy
¥ . - . .
Data are ebcaine.d from the largest whorl branchlets borne
on axial cells (numbered from apex i.e. apical cell = 1) 5, 10, 15,
20,25, 30, 35, 40, 45°and 50; as a mean of 10 plants, in each sample.
Two extreme culture conditions are utilized ES 2:16-8:1200 ‘(for A and
B) and 15:16-8:1200 (for C and D).

(A and C) Pinnulé distribution on whorl branchlets: 'Percentage of-

T + standard
deviation (vertical line). For each pair measurements presented on

the same vertical line the latger is the cell length the smaller the

. cell diameter.




‘. AXIAL CELL NUMBER

20, (25; 30, (35 4

(&) Parue dntriniten on wer sroncriets © *

: pp——
088~035888_ss

-

3

3

(Dltengin, ana dameter of longest coil
who 9 )

ced dimensions (ym)
53838

5

w7 m’? ol
R &

o Peoiuies

Bl
b 3
R

1200

-
: 2 . 168
CONDITIONS

CULTURE

]

.16-8 . 1200

e

A5

.,,
-
il




5

data were gbtained for Form B from culture sefies (i1). No detailed’

measurements were made at other conditions, but visual observaticns

"confirmed the ‘above findings. -The whorl branchlets chosen for

.measurements, on axial cells between 28 and 36 are ghus mature.

Gland cell "It was found impossible to adeqiately: compare

the numbers of gland colle; produced under du‘teren: culture conditions.
Inirinuy, the ratio of gland cells to whbrl branchlet and

pinnule cellu was calculated in. the same manner as for the field
= 4 7 : ¥

. man:arisl. Considerable variation was found within single cultures;

which vas often greatet than the variation Eetueen‘cukur.es. Subsequerit

. visuel examination of cultures, derived from other sources, showed that -
' the numbers of gland cells appeared dependent on the age:of the culture

. rather than on.any specific incubation condition., High proportions of

gland cells vere alsofound in cultures in which the medium had mot been
Y g :

frequently changed. y g

Variation in Form A. - § 2 5

Grouth rates: The data for the growth rates of plants in
- . 5 A
culfure series , wm. couditions employed are given in Figure 12.

There is an’ initial 1.3. perind in the development of the young plants,

vhich is .lndependent nf culture conditions, = -

After seven days there 1s little aigntﬂ.cam: difierenca in f.he

e nf “cells Produced-in-any_of _the ' samples, After fourteen days,

‘the higher grovth rates are in :he long day plants-at: the highex

tempetatu!es, lnd this is obvious Loth in the ui&l md total cell

" counts.’ There :.s. however, little difference in.the effects of light

intensity when other conditions remain constant. n}e;s‘hqrt day plants
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Growth rates at seferal culture cnnditians uf 5. pylazsaeh
v o b culture: series (1), defived from, orm

the mean number.of cells produckd per plant, and thé 'mean hum

of axial cells produced per pla t, aftér 7, 14, 21, 27, 33, 42 and 49

days in culture.
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. show the slowest growth rates, being Tower than for the long.

A'f:e‘x- y-one days, the

"day plants.under irabl n’n.-nm,;. 2

JaL£ferences between nul:ures im:rense, the most . obviuus being. the
reduced ral;e of gzowth in the short dsylength plants, v}ic‘h is
Especially marked at’ the Lower, :empera:u:es where the plants’ reriatn
ubranched. - ¥ )

The' trends ou:],ined"ahove are continued 14 e ithe samles
(33, 42,749 days), vith the najor diffexence being the commiencement “of
b:anching in the slover, grcwing ireasea, o 1E would appear o
the ‘principal factors Affécting the rate of cell. divlsion are tempera~
ture and daylength with light incanslty, es‘peciglly at the higher
temperatures, havi—g the least effeut. o

Y
Figura 13 ‘shovs che grcwth rate in c.ulture se:les \(u‘!),

al;\:.ained -fron: carpcspores. The trends are the same ;as r.hose in X
* culture series (1), and xm significant diffefem:es in the fates of cell *
'divisinn in plants formed from the to- types ‘of spore. L i
Axial cell motgholoﬂ Akial cell norphology is dependent on

he raté of cell enla:gement and the age of 'the cell. The cells chosen

for comparisan are distinguished by their positlun in telacion to the
&pical cell, the tate of division OF Jhich is dependent on the

lncubatlon cuhditiune. The" compared cells may thus be of diffetent

ages. The data can therefote be used for static nwrphological studies,

but camnot be used directly to givp comparative data’ onr the rates.of

cell elongation. . - _

‘. The cell length data are given in Figure 14 , {In all cultures

.at 2°C the cells show an almpst identic’al pattern, remaining short and
. ® » ?
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. FIGURE 13 : : ’
| GROWTH, RATES OF SCAGELIA PYIAISAEI Ce
EA > k ',iucﬂmuulr,a o "

- Growth rates at several cultnre conditions of 8. pylaisaet,

culcure serfes (iii), derived from carpospores of Form A and culture -

P _ series *(11) derdved frod tetraspores of Form B. Measured as:the mean

e o number of .cells produced per plant, and the mean’ “number of axial cells
ki ol ptnduced per plant aftzx 7.and 21 days’ of culture. @

Culture Cnnditinns ES L o

“ A 2:8-16:500 Fias,

10:8-16:150
10:16-8:1200
10:16-8:500

HEommoow

B - o
standard error (x2) 1_ mean numbér ofjcells per plaut
sl.m\dard deviation (x2) - 1 !‘ : . .

¥ : [ sL.’.\ndard error (x2)
mean number of primary -—l;] standard devidtion (x2

. ‘axial cells)per plant
5 .
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o

only twice as’ long as the subapical cell at cejt numbe¥rid. A 5°G
| there 1sa ma‘ékeq éifferenn'ebllr'l the-cell lengths betwéen short and long
daylengths. This is most marked at the Figher light intensjties, but
1§ ot so obvious at 20°C. At 15°C plants ‘have slightly longer cells
than at all other conditions wiéh the longest ‘at_the lover light
= mensicies. This is in contrast to cultures at lower :empemtures1
Mihere, shen differences occur,plants at the lover light intensities have

the shorter cells. ) o g, T

. ' .'The data on cell diameters.are not, presented,as variations under

differeit culture conditions are small in comparison with those for cell

lengths. This indicates that the ratio of cell length to “cell diameter '
is greatest at the higher temperatures and at the short daylengths.

) g “of the whorl branchlefs on the axlal cells:  The per-

centage of the axtal cells bearing.whorls of 0, 1, 2, 3, or 4 cells are
glvén as a'serics of histégrans ( Figure 15). The axial cells develop
“Wate siFay and sepend WheEL bRARGRLSES IH CESWBCY (. apeio &6l
nusber 5),-but the majority of cells lack'hranchlets. Two cells in-this -
first group have whorls of three branchlets, but the majority of plants
‘uhich bear whorls of three branchlets first form them on the cells.
located in Graup II (.cells 6 to 101 inclusive) and it 1s AISO in this
!egihn that fourth whorl brsnchlets 1if formed, dEvelop. The ﬁxin\\.\m
developmenc of four whorl b:nm:hlets takes place in Grouy III ( cells
uis tnclusive). ’ < :
P

[The  greatest mmber of whorl branchlets are pmdu;ed at the -

lower temperatures and long day;engt_hs. At the lower temperatures there
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SCAGELIA PYLATSAET FORM AIN CHLTI.I'RE «"

1 “(apical-5), 6-10, 11-15, 1620, 21—25 under several culture
conditions. ',

" . Number o€ uhor] braichlets per axial cell: Petcentnge of whotl
. brandhlets occurring in whorls of 1, 2, 3 or 4 in axial cell groups,

| Ngmbier: of planyles er-whorl branshlet'ealls Percentage of ‘whorl )
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‘s an increase in’the number of branthlets with,decrease in light’

intensity, but the reverse:trend is shown under short daylengths where B

Plants produice: fowess wioxl hranchicks, e reduction in number of o
whorl b'ranchh::s _is ‘mape marked with increase in temperature. Plafts’

" pearing whorls of four branchlets vere not found at 15°C; and four - -
whorl branchlets vere ilso rare at 10°C. Under's single culture
conditiod (15:16-8:150) all axial cells bore omly pairs of branchl
. - Arrangement of ginnules on the whorl branchlets: The percentage
of the whorl brinchlet cells bearing'0, 1 or 2 pinnules are ‘shown in
Figure 15, The range, of variation is pot as marked as in the
arrangament of the whorl branchleés on the axial cells. Two major
trénds are, hovevet, apparent: there is reduction in the total number
of pinnules and in the number of ‘cells bearing two pinnules uith increase

g in temperature. jihere are also fever .pinhules produced at lower 1ight

intensities and shorter daylengths. )
- , . Pinnule cell morphology: fhere 1s little difference in the,
‘1engch between t/he longest pinnule cells under most conditions (Figure
16b “‘>. At lover temperatures under short daylengths, however, the cells
s are longest at high Light intengitics. ‘The diaveters of these cells
show little difference under all culture conditions. o :
*  The variationsin length and diameter of the basal cells (Figure
" 16a )Ctollow the same pattems as those of the longest cells, but the

:rends ‘are clearer at the higher v.empernmrzswhe:e the ruls are Iﬂngesb

under the higher light intensities, juSt as they are at lover temperatures

in short daylengths. \

5 ‘The basal cell diameters show no significant differences between

\ .




* grown under several culcure conditions.

i ' FIGURE 16 ) ’ -
k. VARIATIGN IN WHORL BRANCHLET® CELL DIMENSIONS

IN CULTURES' OF SCAGELIA PYLAISAEI
T FORA O

+

< - SR
+(a) Whorl branthlet cell dimensions:  Length and diameter of the basal
,cell Of the whorl branchlets n pature regtons of the plants, grown under
sevexal culture condigions.

(b) Whorl branchlet cell dimensi.ons' Lehgth and diameter of the
longest cell of the whorl branchlets in mature regions of the plants,

. Data for (s) and (b) are nbl:ai.ned in earﬂ\ 1nstance from 5 cells on’ each

of 10 plants and are presented as a mean *'standard error (solid bar)

.and.# standard deviation (vertical line). :For each pair measirements
® presen:e,i on the same vertical line the larger is the cell length and

the smallez' the cell dlametet. B

(¢) ' Whotl bratchlet cells'length to diametet ratfos: Ratio of mean
length to méan diameter of dongest (L) and basal (B) whorlbranchlet

cells, fttm data presented in (a) and (b) above., 4
# . =
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light {ntensitids and at-short daylengths, but-these differences are

not’very markeds (Figure 16c).

Variation in Form B. i N
o Growth rates: The.growth rates presented in Figure 13 are ,

for culture series (ii) derived from tetraspores of Form Bi—No-data -

are presented for culture seriés (iv), derived from carpospores of

Foriny B,.but visual observation revealed no differences between this

and culture serfes (i1). .. ; o
.-, Thdgrowth rates are similar 9. those of culture series (1)
* chowing the hane rates oF ceil Giviaion wnder corresponding culture
conditions and hence the same general :xends be:ween cultures’ These :
may be sumarized as an increase in the rate of cell*division with an )
ihcrease in temperatire, ind i significantly higher rates under
long day conditions than short days at the same temperature and light
‘{ntensities. Y
", Axial’ cell morpholegy: The data on the axial céll lengths
(Figure 17 ) do not show the samc degree of varintiun ‘between cultures
as in Form A,"and differences {n lengr_h at all Tight hxtensities at
2°C, 5°C and short daylength and the higher light ;n:ensu es at 5°C
and long. daylength are insignificant. The cell lengths’at 5:16-8:150
sxé.wich gisstek snd are;comparable to thuse wtHlgh Tigit dntensittes
at 10°C. At 10°C the longest cells are found at the highest light

intedsities, in contrast with the,trends shown at lower temperatures.
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’ T FIGURELT U
\AXIAL CELL LENCTH OF SCAGELIA PYLATSAEL
Id - FQRH B IN CULTURE : N

o Wan length “(+ standard error) of axial cells number
2,1k, 6,8, 10, 12, 15, 20 from the apex of S. pylasiaei Form B grown
Each point 1s the mean of

under several cul:ure conditim\s.
measurements from 10 plants. % P
st ¥ o
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‘The axial cells of Porm B are“significantly longer than comparable
¢€lls of Form A.prodiced under the same conditions.

an of whorl branchlets on the axial ceils: - At all

culture conditions Form B shows a- greatly reduced nusber of whorl |
‘branchlets, in co-p.nson with Form A ( Figure 18 ). Under no con-
: ditions are whorls of four brénchlets formed, vhorls of three ‘are rp

) “and confined to the higher light intensities at2°C.’ The majority of

«axial cells ‘bear only tvo whorls of branchlets and a significant number,
W especialiy‘v it lover 1ight intensities and tilgh Conpstitizes, Sear/only
". slngle bxnnchlecu. LI T N -
‘ The it vhor] brarichlans e st ort the axal celiniol

Gxotp 1 (eptcal cell to cell 5 fnclustve) though this group shows a
pmpondermcé of cells lacking branchlefs. It.is not until Growp n
(uus 6.-'10 inclusive) that a wajority. o ‘salle best pairs of
branchlets. .Thus; fa culture, Forn B differs from Form A in that fhere
128 cu);siderable reduction 1n' the nusber of whorl branchlets, agd' Fhods.
are cuf off at a greater distance from the splcal cell.™

of pinnules on the whorl branchlets: The data on

the number of pinnules borne on the whorl branchlet cells are preseanted
4n Figure 18°. In all the cultures pf Form B the whorl branchlets
either lack p":nnuleu and are simple, 6 possess them arranged in a
secund or iueguur_‘mmner,_ but they are mever predominantly pinnate,

Under all conditions the majority of cells bear no pinules, and in only

three culture conditions (2:16-_8:1200,'5:16—3:1200, 10:16-8:1200) are-

any cells found bearing two pinnules. Under the other conditions some

‘cdlls bear only single pinnules and these reach.their greatest number
3 - N .




98

. FIGURE 18 )
WHORL BRANCHLET AND PINNULE ARRANGEMENT ON
SCAGELIA PYLAISAEL. FORM'B

IN CULTURE @

Nusber of whorl branchlets per axial ell: Percentage of whorl branch- .

Tets occurring in whorls of 1, 2, 3 or 4 in axial cell groups, 1

(apical-5),, 6-10, 11-15, 16-20, 21-25; under several culture conditions. -
i J 3 s

Number of pinnules per whorl branchlet cell: Percentage of whorl

- branchiet cells from mature reglons of the plants bearing 0, 1 or 2 °

pinnules. -

Each block is data from 10 plants. . . v
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at the high-light intensities at' the lower temperatures, and are - 3

conversely least common at' the lower light intensities at- higher

‘temperatures. Thus, the pinnule arrangement shows the same general - ¢
]
trends as Form A, but with a considerable reduction in number under

all conditions.

Pindule cell morphology: #he dimensions of the pimnule’ cells

. .{e pres¢nted in Figure 19.. There are only small differences —

,belveen ’cell lengths at 2°C \mdex nll l.lght intensities and hzmeen

these .and cells at 5°C at long rlaylengths at high intensities. At 5°C

under Iow light,intensities and short daylengths the cells are shorter.

. At 10°C all lengths are reduced under low' light*conditions..

t e The cell ‘dtameters are significantly smaller at 10°C than at

| 2°C, and cell length; - diameter ratios are greater undef all asitieions

- " at 10°C 1n spite of a reduction in cell length at.the lower light 3

) intensities. The basal :eL\a show the same trends as the longest ceu.-.
For both Forms A and B, the basal cells are alvays sipiflcmtly

shorter ﬂ'lsx‘; the longest cell in the whorl branchlet.

)
-4 Effects of salinity on growth rate ¢ 2
[ and gland cell formation. &

1 % 7 lia pylaisaei has been from the Baltic Sea (as
Antithamion boveale f. baltica, Reinke, 1889), 's reglor of reduced
salinity, vhere it reportedly lacks gland cells. It vas decided -
therefore to investigate the effects of salihity, on growth fate and -

A sl eall sovndeton 6F otk Yarah sad ForayE. “The salinities chosen

vere 27, 249y, 21 0p 18°(C, 15°,, and 107/, and coitrol
cultures were grown at 30°, "full" salinity. Both culture series.
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= FIGURE 19
. ‘ VARIATION IN WHORL BRANCHLET CELL DIMENSIONS
w e S y
/7 1 cuurvrds oF Soaczrza PYLATSAEL, i 5
! FORM B ! '
s ' © - . .
(a) ‘Whorl branchlet cell dimensions: Length and diameter of the basal x

cell of the whorl branchlets in mature regions of the plants, growm.,
‘under several culture conditions. ;

-''(b) Whorl branchlet ceil dimensionsi Length and dlameter. of the
longest cell Zf the whorl branchléets in mature regions of the plants, .
grown under séveral culture conditions.

Data for (a) and (b) are obtained in each instance from cells on each
of 10 plants and are presented as a mean * standard error (anlidglgt)
and & standard deviation (vertical lige)s For each pair’of measure~,
© . ments presented on the vertical line the larger is the cell length i B
u and the smaller the cell: diazpeter.

* (e) ,'Whorl branchlet cells:length to diameter ratios: liauo of mean ¢ T
length to mean diameter of.longest (L) and basal (B) whorl branchlet » -
cells, from da\:a presenced in (a) and (b) above. g
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salini:y ES medium, transfetred to 2: 16»'
-

" series -and place

*agter 11, and\

were Estahlished frnm tetraaporea of Eiald col ectad material (Fom A,

Bay Bulls, St 124, 30. Fom B Grand e Pie:re, St. 101. ﬁ).- (e 8

The apores were discharged 1n l:ul(ure at 10 15-8 150 in. Eull

505 alloved to gem!nate }

. and bgcane ustabliehéd‘ Form A vas kept | under s (cm‘ditinn for 127

days, Fom,B for J)days. Thes ere. sub:ultured i‘ntn the salinitr

Cnde’ 10;16-8:5007 Culture medium vas z:hangad at

3 days of growth.: The cultures vere_ harvested afcer 54

 days, andl_the mature tegiw;\s of the Blants e'xam!ned fof gland :Ells in -

the sarie anner as the, herbariun and field natertal. ™ data fmm'

these cultures’ ave presented n, ﬂgu:e m., The plants, vhen,_ trans-

ferrerh to the salinity series, vere stple, E1lanents and the intetals ¢
grouth on' tranafer a in the. development of vhor branchlets, iith
only a limited increase’ in the numbet of axial cells in thé first
fourteen days. ' PR L LI
_Form A: There are no significant differences in. the total

nunber of cells over the salinity range 30°/ 59/, Atter 14-days

in culture. No growth ¢ ‘curred at 10%, ; and’ the alcal é’eus of these

plants were bleached. - At 23 days there are no signifi nt afferences
over the ‘salifity renge 30"/06.- #°, /oy but there s ® reduction in

E 3 N » 3 L
grovth, more apparent!in the total number of cells than'in thie number

of axial celly, at 1B°/ and 15"/ 'sa.unuy. No furcnei- 'gm:ch had

: occurred az 10 9 , and all the, cells in the planta had bleached._ 'ﬂiere

oo
is a reduction An the mlmber of gland cells formed wi[h a decrease in

salinity and at the lowest }eyel (ested, at which the plants grew’




% FIGURE 20 c g "
4 E!’FECTS OF SALINITY ON GROUTH AND GLAND CELL
rnzvgwmm oF smazm PYLATSAET - ?

Grovth fates of gnmetophyte spotelings of (a) Form A and .
(c) Form B at -10:16-8:500 under several salinity conditioms., Neasured
was the mean number of cells produced per plant and the mean number-of -,
axial cells: produced per plant at 14 and 23 days. Measurenent at 0oy <
dnys are from spareli_ngs at the beginning of the experiment. p

Fon

erquem:y of gland cells after 54 days 4n cuiture of (b)
.Form A and (4) Form B. Data are presented for 10 individual plants " .
ad the percentage, of whorl branchlet and pinnule cells in the magure
regiuns of the plants' which bear gland cells.

standard error (x2) °
standard ‘deviation (x2) _L ] N

fn 3 “SEandard error (72) ) .
mean.number of primaxy- — , standaid" deviaciuﬁ g g
‘axial cells per plant .
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%

(15%/,,), gland cells are less than half as abundant as at full salinity.

Form'B: The Form'B, plants show similar trends o those of Form
A. There aré no significant dxfgrgr;ces in the number of axial cells
formed at’ 14 and 23 days over the salinity range 30"/00' - 1§°/°°. The
* Sasinon 5Eal nutber-dE cells produced is at 24°/_  and 21°/ ,'appa:en}.!

in both :he 14 afd 21 day s:\mple, with a significant reduction in the

total number of Cells produced at 18°, /ao an salinlt)} No growth

oo

occurred at 10°/_ -salinity, and.all the Glants wers bleashagiandidead;
‘ o Form B produces fewer gl;nd ‘cells than Form A under all -

. gémparable gonditians;- The greatest numbers are found at the higher
salinities and are most abundant at z&"/nﬂ', with a reduction in number
at21°/_ salinity. Thefe are no significant.differences in gland cell

+ number between 2°%/, and 15°/ o0® and in the majority of plants examined

at, these, sallnities they are absent.

£ Réproduction and Life History
g \\l}eproductiveI‘Perlodlcity. : ’ %

. Thessanples ediiactadlto dataruing. the reproductive periodicity

, 1 of the two forms of Scagelia pylaisaet, were divided.into four
’ /" categories: . : N "y .
¥ % wewae gametophytes bearing mature :nrpasp;myhy:es.
Yo Fertile.male gametophytes. '
JIIL. | Festile tetrasporophytes. el 5 B o B
. .o Stetile plants. ' !
The data’are presented in histograms of the percentages of the four

catégoryes together with the number of specimens in each_sample‘

% ,- i "~ oy . o

% .



‘o

m: (P!:;ur/e .21) The data were obtained [x:nx Bay Bulls
(8E.'126). 11 seprodictive stioctures &is present at all’times of
A and in all except one samle there is a preponderance of
tetrasporophytes; fenué male gametophytes were the le;st frequently
observed category. -Sterile plan‘ts are most abundant in the winter - . .
woniths sad appesr to he Tare o absent in the lste summer and fall.

Form B: The databbtained from St. Bernard' (St. 104) (Figure

. 22 ) show the same seasonal trends as: Forn A, but these are considerably

more marked. Tetrasporophytes cam be found at all times of the year,

but are rare in the winter months. Sterile plants show almost thed

reverse trends of the tetrasporophytes, being most common in winter and

. absent in the fall. Of the fertile plants, the tetrasporophytes show

an even greater “overthe than is shown in

Form A. Both fertile male and female ‘bearing

phytes are most abundant in the fall, and almost completely absent in

the winter months.

None of the plants obtained from these two sites showed any
reproductive anomalies. However, ar other sites, on three occasions,
plants were collected bearing both tetrasporangia dnd gametophytic

repxud‘\muve organs, Two plants of Form A were obtained from Portugal
= N\ e

Cove (St. 135.9)“and from New CHElsea (St. 145.1), both of which bore

. tetrasporangla togethar with mature carposporophytes. 4 plant of Form * ..

‘. y .
B was -obtained from Brookside (St. 112.1) bea‘réing tetrasporangia and

lpemntnrlglq. 3 - . N

<
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ET FIGURE 21 *
REPRODJCTIVE PERIODICITY OF
SCAGELIA PYLATSAET
FORM A

o
i Form A at Bay

i £ S. p
Bulls (St. 124) between October 1970 and May 1972.

Data are shown

., as percentage of total number of specimens examined for four ,
categories of plant: sterile plants, female gametophytes with

carposporophytes, fertile malé fertile




e
109

number o specimens aun;lhed
N 503684 435876 ~2148 6431 5268 4627 R
100+
fertile tetrusporophytes

50 -
s ¥ 3 °
£ 1
5 ' |
i 50
Ir Vemqe meto h te
§ 3 with gu p%
i ol |
. g\\ ok . . I-I l l-'
a
' 5
. 50 [ fertile male gumetophytes
g .
a5}
. S ) . .
o oL mm Ham - =l -
g - c e e g
e 1‘00 [~ sterile-plants - :

x=89 1 141618 2122 2425 2729 303132
station/date ‘number (124:x)

101112123456789101112‘\2345
1970 months of 1971 1972
sampling date >

50 = I ) I '
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. JFIGURE 22 . . :

= REPRODUCTIVE PERIODICITY OF . . . 5 2

: .. SCAGELIA‘PYIAISAEI ' . -
: FORM B _

) Reproductive periodicity of S. pylawan Form B at St.
Bernard (St. 104) between September 1970 and March 1972. Data are

shown as percentage of total number of specimens examined for four ~ &
categories of plant: sterile plants, female gametophytes with
% carposporophytes, Eertue male tes, fertile es.
. ) T
‘o - 4
@ ¥ & -
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_number of spec»mens examlned
a8 355734 5856 2951 44 24252920

. 100~
. 3 o sterlle plarts
\\\ 1 || I |||
\\‘ ‘ ok I I
' N 50
F female gametophytes with ourposporophytes ‘
- ( T .
. e
o L I : B -- l a I I . [

fer‘tlle male gametophytes

(0]

{ fertule tetrusporophytes

o |
|||I \:J
-II I II . ‘s

10 11 12 1314 15 16 17
n_date num

. 9 4 6 7 9 1O 1211 2
- : 1970 months of, 1971
sampling date

Percert age -of specimens‘ examined
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Life History in Culture.

. The occurrence of tetra;paraphytes, gametnphytes and carpo-
sporophytes of both forms of Scagelia pylaisaei suggest, that in the
field, they have a Palysiphania—r_ypvf 1life history. Dfscrepencies

have, however, been ohserved. al plants e in

both forms and tetrasporangia have been found on plants{ tofecher with

either es or a. The life histories of both
an A and Form B ‘were therefore 1n\'estigated in culture.
Spores released from forty, three individual plants, collected
1 in the field were germinated and the sporelings grown to’ reproductive
maturity. ALl cultures were maintained i 10:16-8:500, and took between

thirty -and fifty days to become fertile. Cultures derived from spores _

“ o . obtained from field material are termed p:fﬁ:y cultures, and their |

results together with the source of the'spores and the culture media

* employed are presented in Table 4 for Form A, and Table $ for Form B.

. When tetr and tes rred on the same
plants, separate cultures of tetraspones and carpospores were established.
KN ¢ . .

= " The mature carposporophytes weré removed using fine forceps and a

micropipette, and inoculated into culturef Branchlets bearing tetra~
sporangia,butf no carposporophytes, were placed in cul:ulterwher'e they 7
‘released tetraspores. & )

: " 0n many occasions fertilizations ogcurréd” spontansously in
gametophyte cultures, but speclal cross ferilization Experiments wvere

also conducted. Plants ver temuved from culture prior to maturi.cy and
cultured sadtviduslly uncfl chey elther produced procarps of spermatangia.

Male and female gametophjtes were then broughtitogether~in 50ml culture

s &
E



@

TABLE 4
. SUMMARY OF THE LIFE HISTORY DATA OBTATNED FROM cm.mis

OF S. PYLATSAEI FORM A

Primary ciltures were derived from spores obtatned from plants collected
in the field, their source is indicated by the station date number.
Primary" cnlt\xtea are divided Jinto six categories (I-VI) based on the
spores ‘cyltured 3nd the reproductive bofies formed on the resulting
plants. Secondary cultures were derived from spores obtained from
plants produced in primary culture, their source is indicated by a

* superdekipt in’ the results section of the ‘primary cultures.

The gesults show the types of reproductive plants cbtnined together
with their approximate percentages: 5
All cultures were grown .at 10 : 16-8: 500 for periods of 30-50 days,
the cultures utiliséd -either ER or ES mdia, the former have their
station/date numbers undaracoud.

Primary cultures in categorids V and v1 are from phnu which bore both
carpospores and tetraspores. 3

ABBREVIATIONS

C. carpospores
A. vegetative apical region
M. male gametophytes

F. “fomale gametophytes .

e
B




PRIMARY CULTURES OF FORM A

& Ny
Category Sources (Station/Date Number) ‘Spore Type Result of Culture
o 421.1, 122.1, 124.8, 124.27, 128.8, 138.2 » TP e MV ¥YS 50:50%
b o oo ©124.4, 124.6, 124,17, 124,27, 131.1, 133.2 o S L L 50%
it 122,1, 124.4, 124.6, 124.8, 124,21, 124.27, ’
= ® 128.12, 131.1, 145.1, 158.2 C— % 1Q0%
~126,22 N C o TUTY 0:50%
145.1 . L — ]} 100%
“ [ 100%
i A —F

135.9

T —— no gernina

on

B et n?ug‘mdz"; Lon
F |

Vi

SECONDARY CULTURES OF FORM A

Fl2gad

N !
Products of Primary Culture / " Result of Culture
MixE? : Z 5. ¢ P 1002
ki l‘ = - > Fi2 100%
LS. - M:F 50:50%
P ¥ ; no fertilization d
Lok M:F v 50:50%
MExF® ! Cas T 100%
e L] - : s 100%
* 7 2 M g 50:50%
ot c T 100%

c r 1002

T



TABLE 5

3 7 . J
. = SUMMARY OF LIFE HISTORY DATA ON FORM B OBTAINED nm?g .
Culture conditions, the lay out of the data and the abbreviations are as-€6r Form A in Table

Category 1V Culture is from a plant bearing a and

PRIMARY CULTURE OF FORH B

[category ' Sources (Station/Date -Number) spore Typ Result of* Culture
T .| 1013, 101,59 103.2, 104.4, 104.5,"104
% 104.12, 1z 104.18, 171. 171 1, Va4 T s WINPT 50:50%
II. | .-104.16 . T —> M%:7* 50:50%
(I, | 1013, 104.4, 104.5,°106.16, 104.18, 17L.1 [ [RREREN 100%
w.. - 112.1 Ty M " 100%
] . Pl g b, ol : .
ot = E
SECONDARY CULTURES OF FORM B . y
>
Products of Primary Culture Result“of Culture
W 2 L2 ¥ G e T 100%
[ ’ . M 100%
¢ & . = WF T 505087
-l i 2 6 —in 100%
¥ " 1002

SIT



vessels, it was found that the vibrations occurring in the culture

CO { 116

, 4 i
cabinét were adequate to facilitite the release and transfer of

) L. .
spermatia. All fertilizations were duplicated and control cultures of .

procarpial plants also established. The controls never produced’
carposporophytes.

' The carpospores -and tetraspores obtained-in culture have been _ -

germinated and grown :u maturity, they are :ermed secondary cul:uxes

and the results ate presented “n Tablé 4, for Form A, and Table ' 5-
3 ¥ @ - - B
for Form B. It 2 .

Primary cuitures of Fom A:. Primary cultures of Form A have

Peen -divided into six categorles (I-VI):- Tetraspores (Category I and

« .
1) progeny , appro: 1y half of which bore spermatangia

1! and MS), and half prucarﬂs (F2 and F*). In several cyltires *

(Category u) tetrasporangla (12 and r“) developed on both male (ns)
and fémale plants (F%). Tetrasputes from a plant (Category V), which

also bore mature carposporophytes, developed only into procarpial

plants. .
Carpospotés {Categories gz, 4la 1) produced tetrgspordngial
(17, TP and T9) progeny, irrespective of whether the plants from which

they were derived bore other reproductive organs (Category V). Ona

 single occasion’ (Category 1V) half of the tetrasporangial plants (1)

so produced -spernatiangla 1M9) T

On two occasions p].ants vere foundl- (Category V and VI) wa:iug %

both and mature phytes: Their,excised apical
regions (A) ‘produced procarpial plants (F10 and F1%). In'one instance

(Category V1) ‘tetraspores and carpospores were released, but bleached




« and did not germinate. | - SO ¢ PR : 'z

! i . \ . 5

: + &, Secondary cultures of form Ai On an but a single occasiﬂn Vs
i — g

‘male planté. (M1 and M6) proved capable of faxtilizing female lants‘

” (P2, F"}aﬁ‘d F10) o prmfuce carposporophytes irrespective of wheth:r

b either paxen'c also bore téirasporangla.” No success was achleved 'tn-.
i the attempt co fer&(li’ze a female p].ant (F2) wm. a male, Hhich also
N . bore tetrasporangta (8 M9), derived frcm Category 1V,, primry cultute
of carpospores . ) s 52 . :
W Progeny from"tetraspores (T3) occurrlng on female plm\ts @y .
o were all female (F'2), and (T°) from malé plants Qi) 511 mate (019,

s, F'2 females could be fertilized by M}3 males. The. pr‘nducmm of "tenia—‘ "

ia on gial’ dnd -arpial plfnts (Categoty 11, T3 i -

|

i .

(I 5} geciirred wost frequent]y in crowded it tires and dould 'be 1nhﬂ>1ted
i 3

; by vegetative subcultura ;o fresh medlun. NoE all crouded cultures 5., |

- produced tetraqurangia, and :hey daig ‘not. always appear on au plsm:s

. in the same. culture‘ ., On several occasiqns te:raspoi'angia cud not oceur 2
4 |

on sale and femsle plal;\ta, but arose’ on subsequgnt “generat ons derived
from these planl:s. an al:tempr to fer[ﬂize a: female (FZ) 1anktng
{tetrasporangia with a male (M) wi:h' tetraspatangia was successful but

- the result Has invnlidaced v'hen the female parent p:uduced tetra-

sporangla and becane”a T ‘female subsequent to ‘fertiltzation” ¢ -
! i X .+ Tetraspores (17, 1% and 711 fron $lants; 1nc1uding those" EE A
| " . obtained m‘ Category IV (TB) which also bore spe'matangia, gemina:ed i ’
| B . to produce equal nambex‘s of male &nd female plants. *

an catpospores produced 1n éulture germinated to pzoﬂuce

tetus.porangial p}a.nts i




. N of . <118
. P : Py Y " e i i 3
ol © L. Life czcle of Faxm Ar Prom the resul:s of primsry and second&ry

w cultures :U..i/s pussible o astablish the U.fe cycle of Scageha

pyln;,saet Fofm A as it decurs fn 1r.ure. Tﬁis 1s presented m Figure

o 8 23, it ds basically of the PoLys'Lphanuz—type with the addition of
A accessory letraspnrangia on the male and female plants, which reprcd{
LT the' pazen:.’ Y g < s
Te Cr o me n § on 1 rangial plants [Citagoty
[ % Uy do not: appear to function in the 1ife cycle., s ' ,
N ‘ ’- @ .b _ Primary cull’:ures of Form B: Primary cultures of For;n'ﬂ are

divided irto four categories. Tetraspores (Categories I amagn
JFEEE par‘oduced equal numbers of male (M! and ¥5) Yand ‘remale (<% and ¥)

‘ .. plants and on nll but,a single occasion (Category 11, they also bore

s, . > :etraspc'rangia (12 and T%). Tetraspores (Category iv) from a planc

.o which also bnre spermatangta produced onily, wils piangs;

2 Carpdspoxes (Category 111) prnduced all tetrssporangial (1t7)

plants. L

e 2 'Secnndag cuItures of ch B:, All attempted ertilizatians

. _ between male (M1 and MS) and Eemale (F3 and F6) plants were successful,

- m-.d the car gave tise to tet il plents:

2 Tetraspores (T2) uccutring on male plnn';s (M8) ptoduced “‘all

30 . mase p1an:< and those’ (%) o famals plants prnduced a1l female plants.

Tettaspntes (17) derived from primzry Eultises GE carposgores produced
§ Wy s

equal numbers ofimale and female planhs.

&
The life cycle of Forn B, as shown by \

. Life cycleof Form




4 e FIGURE 23

oy * LIFE -CYCLE OF SCAGELIA PYLAISAEI

% In both Form A and: Form B haploid male (2) and female (1)
@

gamecephyms ‘produce ‘diploid
1 to give tet:

es bearing

haploid tet es (3).

bearing meiotic tetrasporangia
. These

aud female (1)

es. In some

female (5) also bear

c

e (2)

the male (4) and

factors (6)_ initiating their development remain unknown. *
(8) produced on tetraspo!ophytes do not appear to functinn in the life

cycle.

ks
. Form At

a, but the
Spermatangia

I, II, III, IV, V are spore sources from field-

material and fefer to the culture categories listed

- in Table 16.

_ Form B:.

and refer to the culmre cscegeries listed in

.. . TableS.:

1, 11, IIL, V axé upoz‘e\sources fton field material
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occurring on malle and female plants.
Effects of lm:llbltion Conditions on
Reproduction in Culture. - ¢ :
Cultute: of Form A and Form B, derived Eron both tetraspores
md carpospores, were grown wnder a range of cul:uxe ccndir.imm to

investigate their effects on reproduction and provide 1n£nmatlnn on
the factors controlling reproductive periodicity in nature. Culture
series (i - iv), also used to determine gréwth rates in culture, were

2 1
-utilized. Cultures were sampled at intervals, but it was ndt possible

to Temove and examine a number of on all 1
Data_are therefore presented as the actual number of specimens found

in each sample to bear aX(1), a (M,

(F) or to be sterile (5). ) s

Form A: The results of culture of (etrllpore! qi Form A ~

mge[hgr with the incubation conaitions employed are prese_nted in
Table 6 . The plants eventually became fertile wnder A1l incubation
conditibns tested. Plants bearing spermatangia were the first to
become f’értil'e and these were followed by plants hearing ptac‘n‘ps.
Under 41 conditions procarpial and spernatangial plants were formed in
spproxinately equal mimbers. At 10° and 15%, ptncurpial and sperma-
tangial plants also produced tetrasporangia. W : 5

“The time required for the! Tusts o bevsde uttity appea{'co e
controlled by the unm'fa‘c’céu; \‘Jhich regulate .the growth rate. Light

intensity has the least effect, and plants first become fertile at the

higher. ra and long - o

__Data pn the growth of carpospores’ of Form A are presented {:
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CULTURES QBTAINED

TABLE 6

COLLECTED. ST. 124.20

FROM TETRASPORES OF S:. PYLAISAEI FORH A,

;. |Culture H Days in culture after germination
conditions - .
Es 15 21 l 27 l 33 42 49 84 104
216-8 1200 Sterile | Sterile | Sterile | 1iM22s . | WD oM6FLS
© 150 O CE | Sterile | 10MIF11S
2 816 500 " " " " " Sterile | No data | 4MLF4S
. 150 " " " " " 3488 No data. |-3M4F
5 816 500 " " " " 8s . | sMiFI2s | 10MI2F3s
g sof . " ¢ L " 3M6S 6M5S 6M4F3S s
516-8 1200 " " " loM8s | 8MBS < 7MIFes | 1SMIZF
500 " “ " Sterile | 5M6S 20M265 | L6MIF1LS ;
150 " " " T3S | 13u1ls a7s SMIS | SMEF4S
; X ’ .
10 816 500 " " o | Sterile | 2m88 13M6F8S | L4Mi7F | 14MBF2FT
] 150 " " " " 2335 MZFls |, 1IMI2F  |16MLSF
10 16-8 - 1200 " " 8MIF9S' | OMIOF | 4MA4FIS 8MIOF | - AMIGFT
500 " 12M95 | 9MilS | 1OM9F2S | LOMLIFIFT | SM6FLFT { 2M6MIIOFT
150 " M78s | -8M16S 6MLFSS .| 18ML6F 10M12F 4H6F -
15 16-8 1200 " 144405 | No data | 10MIZF | 4MGFSNTIFT | 10MISFE,| * .- <
: 500 o 3285 - | 6MIF7S |- 8MIOF | 12MOFGFT - | 22MI1SET, | .
'150 U Sterile | 5M7S M8 | 1GMBFIOFT | 12FT14MT A

M = fertile male gametophyte, F = fertile ferale gametaphyte s =
le

FT = fema!

Each code

.sterile.plant

e beal

aring

is preceded by the number of plsnts bearing these a:tribu:as in the smple.
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» Table 7.. These have not been grown under the same number of conditions ,'

as have the plants from tetraspores? Under all conditions the plants

produced tetrasporangia and in all comparable conditions they require
slightly longer than th® plants raised from tetraspores,to become

fertile. Daylength has'a’ considerable effect and plants under'short y .

* daylength take longer td become feftile thin plants under comparable

conditions at long daylengths.

K Form B The data from the culture of tetraspores 6f Form B

. A
are presented in Table 8. The same trends as dgsctiﬁed for Form A are

R Qho»m with approximately equal numbers of male and female plants. being

_produced. " At long daylength at 10°C the 'plal\ts eventually also produced
tetrasporangia. The Teduced mumber of culture conditions and the

differént sges of the samples do not permit detailed comparison of, the
i, Forma: Aol 8. Plaits ot Horh B, hovever, take longer to mature o

than those of Form A. Culture of carpospores of Form B (Table 9) -produced’

plants all of which eventually bear tetrasporangia. : -

Culture of Apical Fragments of . B L
Winter Sterile Plants. P *

A number of cultures vere also set up from z:piual fragments of
stersle plaie ot both Forn.A whi Poru B collected atilay:Buils

(St, 124.29) and St. Bernard (St. 106.21) respectively. The purpose of
this cultute ‘s‘eues was to establish.’ whether both- tetrasporophytes
and gametophytes were present in the sterile populations found in the
winter months. Apical fragments of 20 separate plar;r.s from. »

éach site were cultured ( ES 10:16-8: 500) for 42 days, the

~ s




TABLE 7 . . : -

A CULTURES OBTAINED FROM CARPOSEORES OF S. PYLATSAEI FORM A * i ; Y
COLLECTED ST. .S 124,22 o & 3 . -

Culture - o2 Days in culture after germination .
conditions’ - - .
ES : 1 20 32 . .53 , 12 89
'y N - B
2 8-16 500 Sterile - sterile Sterile | _smis 15T
.. Is0 K W w ; 10158 181
516-8 1200 " : 11325 I S o 118
- 4 500 - "~ 31238 321
- 150 " | . sterile 811s R
10 8-16 © 500 il # A o &
2 150 4 " 8T1S [, o=
10'16-8 1200 7145 .o
500 14128 © 18T . A
150 - " 2185 131
‘|15 16-8 1200 i 18118, . 221 o - 3 .
: 500 T 26T ; . '

150 - i a 23138 121

T-= fertile tetrasporophytes . S = sterile plants :
Each code.is preceded by the number of the plants bearirg these attributés in the sample.




TABLE 8

CULTURES OBTAINED FROM TETRASPORES OF S. PYLAISAEI FORM B &

COLLECTED ST. 101.3

Cultyre Days in culture after germination o E
) :
ES + 21 28 58 65
2 16-8 1200 . Sterile Sterile 27M23F SMSF
500 S - aM2Ess 56M53F
150 " L 10M1F12S SM4F
5. 8-16 1200 " 7188 SMLR4S -
500 " . Sterile e
51§-8 1200 " " 10MI0F 6M6F1S
500 » " 50M34F225 10M6F4S.
150 " " 10M12F235 10M8F6S
10 8-16° 1200 i " 18M6F21S No data
500 " g B 9M6F11S o
150 " " 22147268 o
10 16-8 1200 E " s 2M2MT3ET BMAMTEFOFT
s Tsoo " 14Ma08 16M18F1S 10M7F2FT
150 o g Sterile 1AFLS No data

= fertile male
besring tetraspores.-

e bearing tet

T -
! . n fertile male gametophyte, F = fertile female gametuphy[e s =
!

sterile plant

, FT = fertile female gametophyte
Bach code is preceded by the mmbez of the plants bearing these
attributes in.the sample.



v
: TABLE ‘9 e

CULTURES OBTAINE‘D FROM CARPOSPORES OF S. PYLAISAEI FORM B’
o COLLECTED ST. 104.18

P2

5 - .
Culture . . Days in culture after germination i
conditions = -
ES we 21 . 34 < .56 65
2 16-8_ 1200 Sterile Bt o1 77148 ' 18T
'500 « . | Stertile 2158 7T
150 L n F 6785 11728
: 5 _s<i6 . 1200 e " " Liriss Y
2 500 ¥ B 8 " . 6185 . 16T
i . . o % .
516-8 1200 5 “ 21188 g 181
) - 500 : u ¥ il 4117s 26T
150 2 2 Sterile . ur
10 16-8 1200 " | . 101
Ee 500 o . 121 10T o
5+ 150 LA 14138

T = fertile :e:zaspomphy:e § = stefile plant -
Edch code 1s preceded by the nuibér of plants bearing these attributes in the aample.

92T
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results are presented in Tajle 10 . . - :
° E . ‘ i 3

. . "

Table 10,
) Pre-culture Post culture, 42 days
Form A 20 sterile 23 tetrasporophytes

4 female gametophytes

Form B : 20 sterile 16 tetrasporophytes
»
1. male gametophyte

1t {s not Ppossible to establish precise ratios or num{&ers of -

"2 female gametophytes

game:ophy\:es to tetrasporophytes because a number of the apical’
fraguencs vere not visble uhilst others grev rapidly and fragmented, N
hencertiie anm‘nalias in the fumbers of plants reported before and after

" culture. It ‘is appareat, houever, that sterile populations are made

of

up of both tetr tes and es with a
g v

the former.

Hybridization.

App‘loxil:na[ély twenty spnxennés; derived from tetraspores,
“were removed from cultures (ES 10:16-8:500) of Form A (St. 124.27)
" and Form B (St. 104.18) after 18 and 24 days of grouth respectivelf
The plants vere not fertile; each was placed in a separate culturd

ES 10:8-16:500%nd allowed to reach s

vessel and transferred t

réproductive maturity, when they produced either procarps or T s

2



/ spetmseangia. The cultyres were maintained by apical subculture. o

Although spontaneous, fertilizations had occurred previously

in mixed cultures of gamer.cphytes, it was :hought necessary to

'y

optimize the chance of this occurrence, and the plants were.brought ,
together on a shaking device. Duplicate cultures of each combination
;wete tested, with contl\ol cultures of procarpial material. The N

- " combnations tested and the resulfs obtained are presented in Table

E “

11.

fér:xliaaticns wite obtatned From Form A‘ (L), With! catpo-
sporophyte development oceurring at 21 days; carpospores matured snd
. oy tevae Carposporophyte development in Form ~ ¢
B (4) was observed at 30 days, with carpospore release at' 42 days.
No'hybridization occurred between Forns A and B (2 and 3) and the

. control female gametophytes did .not develop carposporophytes.

3 Cytological Studies . * B SR

ALL cytological stulies have been confined to the examination
of acetocarnine Stained nuclel of Farms A and B which have been found
to be identical and will be described :ogether. With the excepr_iyn 3
of dividing cells, discharged spores,.and the first three cells of

the carpogonial branch, all cells observed were uninucleate.

Interphase..:, 4 . '\

The interphase.nuclei contain a promingnt single nucléolus \
(Figure ;10 ) surrounded by a granular cytoplasm enclosed in a barely

.discernible nuclear membrane. Interphase nuclei vary in size and

shape}s’ depending on their position in the Plants. In axial cells in . )
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the cell (Figure me),
lenticular shape and are displa:ed to the side of the cell, presunably-
as a consequence of vacuolatiun. N .

The .nuclei of the

state of divigion. In inferphage they measure ca. 5 ym diameter.
Nuclear size in the axial cellj\:&ries from :h-sy um dianetef in the
subapical cells to 40-60 um 1n‘a‘ mature "axial cell. The micleoli a1de
vary considerably in size and increase with nuclear size.

4 The multinucleate condition has-been obscrved in germinating
:e:rasporeg and carpospores (Figure 10f), but occurs only.in :;m .
atypical, unipolar germinations, while those which have germinated

_normally are uninucleate (Figure: 10g).

Atypical'sﬁu:enngs are most commonly found to have gerninated )

epiphytically on the parent plant, of to be ftae—flonting in the

culture medium. Spores which were firmly ‘attached to the substtsr_e

were predaminancly uninucleate. The first three cells of the

éarpogonial branch’ (Figure 10h) are binucleate, but the supporting

cell and the carpogonium are uninucleate. -

Mitosts. i »
mmm\g GéT1 divisions have been observed in the apical.axial
cell, axial cells producing whorl branchlets, whorl branchlet cells
producing pinnules, spermatangial mother cells, and in supporting
cells producing auxiuazy'eea\ they are identical in all details

6 - .
“except .nucleat dimensions.

5 %

cal cells vary in size ‘depending on their '
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]

i |

recognisable. : TR =

ud i T deeply staining, a Targe nuber of small gramﬂ.nr
_bodies appear i carly prophase and turicy 14te prophue coalesce to~
form chromostass (Figure 24a)." The chiomosomes sppear ir!egular in
fo!'ll, b\lt due to their small size 4t l! lﬂalllble ‘to dea:ribe thllt

norpholngy. The nucleolus and nuclear membrane’ .us.ppm- immediately

prior to \Jhe in metaphas (eigure zZ.b) are

closely -and i d1y 2 lhnhln in eQuﬁtor.iaJ.'

view they appear as a solid o ‘across the cell. No spindle h}:res

or polar bodies were seen.’ i : wr wb
e

‘of chromosomes

| In anaphase (Figure 24c) ¢ the two &
separate n tightly packed nasses md in talephne -the” nuclei are 1

reformed (Figure 24d) ,vuhnu: the chromosomes becoming igdividually

o . ¢ E ¢ %

Meiosis was anly observed in tetrasporangia. -Cytoldgical

preparations of tetrasporangia were more difficult to obtain than

. those of apical’ cells. Tetrasporangia at first division are larger

@qgcal cells, but are equally difficult to squash, and the cyto-

yinui uaim’a,de.uuy. making good differentigtion imperative. In

addition a'nimber of chi . e-like are even ia
intet-phase fucled, thch increase the difflculty of lntarprebing :hn '

elents occu:ring in dvisions. - .

o, (hE tettuporlngiaL mother cell, as cut off the uhorl branch-
et R e e cantains & siagle nucleus (Figure 24e).
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1% ’ L ScAcELTA PYLAISAE‘I v %
D omgn wn oy SR E ‘ o Z f :
 (a) Mitotic lase, showing individi g &

1 as, I
[ .. .cell (SC) prior to auxiliary cell fomatiun. CBC, 1, 2, 3, =
@t carpngonlnl ‘branch, cells. - . 3

'mccuc mecaph.se o) m an- apical cell. EE

Mitotic anaphase’ in an ayical cell wu:h mo distinc: chtamusume N
i plates (cp). .

@) Apical ::ell nucle\l‘s in telophase (-m) prior to c‘ytold.nesls.

chtomaeomﬁ bival nts.

. . (@ ovotd tetraeporangial initial (TI) wlth stngle ceﬂtrall} lucal’.ed Eoon .
o B nucleus ) B %
« ) Tétrasporangium, fucleus in diakinesis “wlth approximately, 26 - g

e (x) Tetrasporanglun vith farat ¢ plate o). ", 3
RC : . e early o plates !
. s&parutim. _' . . k : i

acetocarnine. Scale * 10 um throughout. | . ! i
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The cell enlarges and nuclear division commences. NJ division. fiéures

5 , g ) 3
prior to the leptotene stage of prophase have heen ohsérved and the

chromosones in early leptotene are poorly stiining and barely dis-  *
cerntble. As the division proceeds into diakimesis the chromosomes

0 : . »
shorten to produce deeply staining almost globular bivalents (Figure

24£). The nucleolus persists’through diakinesis and disappears as.the

bivalents to form the plate (Figure 24g).

‘No spindle fibres or polar bodies have been observed and
individual chromatids are mot apparent at any stage of prophase. The
chromosomes on'the metaphase plate are more loosely aggregated than in

.‘ nitotic lr;etaphx_se, but are §till individually indiscernible. The two

groups of as a mass in (Figure 24h) and

in telophase (Figure 25a) they re—otg’a}i&ze» into the nucleus without
becoming individually recognisable.

¥ The cytoplasm cleaves along the short axis of the tetrasporangium

at the site of the plate and a bi ea‘E_;f'ceLl
containing a single nucleus, is formed (Figure 25p). Each bispore nucleus
L is apparently a mormal mitotic division, but the
chromosones app;ar 1less spread in prophase than they are in the mitosis
of an'apicai cell, The metaphase plates (Figure 25¢0) are orientated
along t] ong axis of the tetrasporangium, h\;: may be rotat:a in this
_plane 1in| respect to each other. If they 1ie in the same.plane a-regular
cruciat. :e:iasporéngim is formed (Figure 25d), but commpnly the
arrangemeit of the spozes produced by this second divisien is offsef’

N

(Figure 25d). . .
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FIGURE 25 L i s
M ) SCAGELIA PYLATSAET - ca )
5 % 7 sy .
@) with first telophase nuclei (1°TN). Stained

with acetocarmine. Scale = 10 ym

| "(b) . Bispore stage of tetrasporogenesis with uninucleate y. e
- Stained with acetocarmine. Scale = 5

; (©) ra— se /showing on of
., metaphase plates (2°Mp). Stained with. acetocarmine.
. Scale = 10 ym = 2

g B (d)" Mature tetrasporangia showing cruciate (CT) ,and offset’
eruciate (OCT). - Scale = 50 um 5 v v
(e) . Apomeiotic

in C do not
occur as bivalents. Stained with acetocarmine. Scale = 10 pm

* (£). Apical region with curvature of main axis behind the apical ~ ;
cell (ACMA), the development of whorl branchlets (WB) and . -
_ indeterninate branches (IB). Scale = 10 um -

(g)" Basal region with initial piimary rhizoid (1°RZ) and gecondary .
(2°RZ)- re-inforcing rhizoids developing on'basal’ 595 cells. » .
Scale = 100 um |

(h) Whorl branchlet with irregular pinhule arrangement. Gland cells /.
(GC), are borne on whérl branchlets, but may occur .together. with L
a pinnulé. -Scale.= 100 um .
. .







Apomeiosis.

. The cytology of tetrasporangia produced on fuictional

o X . . \ .
gametophytes obtained in culture from tetraspores of both Forms A and

. &, @ } P
B has been investigated. With-the exception of the prqphasé\ the

processes appear identical with, those described for normal meiosis.’

+No early stages of prophase have been observed, but in the stage
equivalent to diakinesis a haploid number of 20-26 individual

chromosomes occurs (Figure ZSE), h'hich do not appear as bivalents.

The later stages of tetraspore formation proceed in the salﬁe manner
a8 in the meiotic :etrasporangia«‘ and four unil\ucleate sputasu-dre

produceds,

Chromosome Numbers. -

The small size of the' chtcml;s:omes, the necessity of examination
£ these 1n late propHase and the difficulties of squashing’the cells
ks precise chrondsons)cotnts dnpoasible. HEven.vhen good prepararions
have been obfained chromogome ycounts have -often differed betveen cells
on the same [Rlant, " = -
| The dataobtained from the field u;;{:eriax, together with its
source, are given in Table 12 for Foris/A and B. The culture data

are presented in Table 13 , with the sofirces which refer to the
v ;

results section of Tables 4 and 5 £br cybtures A'and B respegtively.
. ' The frequency of chromosome nufbers for all material exaglned
from all mitotic sources is shown in Figure 26a . ' Bivalent numbers

occurring at diakinesis in tetrasporangla are presented in a similar
; i .

manner in Figure ' 26b, "Although the%e is a considerable spread ofedata,
. < ;




TABLE 12

CHRMOSOH‘_E COUNTS_OBTAINED FROM FIELD. MATERIAL OF
FORMS A AND B OF S. PYLAISAET

Apical cells Apical cells Bivalents qu.Apical cells
F. Tetr: : Sterile plants
Source  Number * | Source  Number Source  Number® | Source  Number
124.5 18 121.1 43-47 124.24  24-26 128.8 46-52
124.8 - 24-28 122.1° 52 124,25 - 24-27 134.2 48
Form A 124.25 , 26 124.5 44-50 :
12626 20-26 1248 51 8.
: 145.1 23-27 124,24 A’B-SO . 4
158.2 30 124.25 46-52 -
’ 124,26 49
101.3 24 101.3 46-50 104,19  22-24 101.4 20-23,
. . ' I 46-49
iy 104.5 . 22-30 103.2 44-49 " 101.6 43-52
Form B 104.6 23-26 104.5 47-54 101.10 48
171.1 25 10613 49 171.4 4648

‘Source refers to the’ atntlnn/date number of the collection site,

8ET

Numbet refers to the chromosome number’ obtained except in mefotic counts where it refers
to the number of bivalents. observed,

L]
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TABLE 13
CHROMOSOME COUNTS FROM CULTURED MATERIAL
OF. 5. PYLAISAEI
“Form A #
Culture result | Source of Material | Mitotic (a) | Tetrasporingial
Categor: Pyophase . | Prophase
o ml:F? 21-26
.IT * TRy iM® 20-27 26°
354 Cd 46-53 2-25°
w ® 49 2P g
v 145.1 b 2L 25
v. | s T 48 =
,
Form B ) -
o ‘101.3, /
*104.8 Mir2FiT 22-27
1 104,18 Mr? 0 23-26° \/\
x| 104,18 . 17 * 46-52 25-26P - !

a. counts obtained from vegetative apical cells,
spermatangial mother cells and developing auxiliary cells

b. bivalents present at diakinesis

c: single chromosomes present in late prophase of .

tetrasporangium.

. -Culture result category and source of material refer to Table 4
*  Primary Cultures of Form A End to Table 5 Primary Cultures

of -Form B.
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L N FIGURE 26
CHROMOSOME COUNTS IN
SCAGELIA PYLATSAEL y

- Distribution of chromosome counts from A. mitotic prophases
and B.

distribution of bivalent counts from meiotic prophases of.
tetrasporogenesis, ¢btained from both field and culture specimens.
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. two distinct groups $f counts are apparent, the first ranges from

18-30 chromosomes, with the maximm number of counts for 24-26
chromosomes; a second group shows a slightly greater spread, 40-55
chromosomes with a peak frequéncy between 47-52 chromosanes. The
nunber®¢ bivalents observed in meosis ranges from 22-27 with a peak
frequency at 25. There are mo significant diEferences in chrn:oscme
m‘m‘hers obtained from plants of Form A and Form B. Thus it would
sppear\tjaz the haploid chromosome number h = ¢a.'25, and a diplotd
number 2nf= ca. 50. . )

In the £ield (Table 12 ) female gametophytes are haploid
WiLle tevraspokaniplal matetial 14, Afalold, Both HApLoLd and diploid N

sterile plants have been observed. In Form A'material from culture,
X :

'male and female gametophytes are haploid (Table 13 ) as are those of

Category I which possess 3 tet: 1a. tes

(Category III) are diploid, and bear meiotic tetrasporangia. The
plants obtained in Category IV cultures bearing tetraspotangia and
spermatangia are diploid with mleinLI:; tetraspnrangia,. no counts have
vbeen‘ob:alned from spermatangial mothér cells of this material. In
Category IV the plants froduced from the tetraspores (F19) are haplofd
whus: those from the carpospores (T!l) are diploid, no cytological
data have bgen obtained from the tetrasporangia borne on chese plants
Form B (Table 12 ) shows a similar chromosome” dlstribution. in
Category I the male and fenale game:cphyte‘s are haploid and their
tetrasporangia are apomeiotic. i’he tetrasporophytes (Category III)

are diploid and have meiotic tétrasporangla.




“~ and four. They are fomed by the lateral divisiwn of .axial - cells in

on-of L lai

;1theta which are brought into synonymy as

Scagelia pylaisales were applied to several different morphological
i > 5

forms and ‘these wdxe often incompletely described, There is for -+
instance no )%i:siled report on the development of the carposporophyte. '!

l
It is necessary therefore that S. pylaisaei be described. The 1 5

folloving description is based entirely on field mat®risl and includes -

the complece morphologiesl range cbssrved 1 this study of both Form

A and Form B.- .

-Vegetative Morphology. »
i i1

- Main axis: Saage?a pylawaet 1s erect_and shows no tendency

to a prostrate habit. At' achment\is by rhizoids, 1n1tially from, the *

basal cell of the- main axis (Figurk 10a) and subsequently re-enforced
by others '(Figure@) f£rom the lower cells of the main axis-and the

basal cells of the vhorl branchlets.| The apical cell produces axial

LS . 5 .
cells by transverse division and these enlarge, principally by.. -

elongation. Axial cell dimensipns from herbariim materfal examined °.
in this study are given in Figure'Sa. - N

Whorl branchlets' arenchie‘cs»—oc‘cu: in whms' of two, three

.
the apical region. The first buﬂchler.s often occur secundly on two .

or three adjacent axial cells. and this produces a, siEvatie GETEREY o

axi.in the aptcal fegion (Figurs 256)

Wiorl banchldts are .

¥ . 3 - - o
initially simple (Figure-25f), but at maturity each cell may bear *

gne or.two pimnules. Pimnule arrangement varies beinT secund
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_(Figure” 6e) on the adaxtal face of the vhorl Branghlet, drregular

(Figute 25h) or pinnate (Flgure 27a ). Qg:m nay alsn‘bgar
pinnules (Figure. 27b) and in extreme instances whorl branchlats are !
bipinnate. "Pinnules when nrtanged secundly or irregularly are £éund
on the ab- ar(d adaxial side o‘f the«whurl‘;'nrénchlets, but pinnately
arranged pinnules are, bérne laterally. ‘ i

There is a correlation between the ratia of 1ength to diameter
af the whorl' htanchle: cells and the pinnule arzangemen:. Branc‘hlets
of cells with high ratios usually have fe pimmles and these are-

arranged 1\1‘ a s,ecrund or 1rrégular manner. Cells with low ratios have

predominantly pinnately_an:aﬁg_ed pinnules. Din}ension; of the longest
bradchlet cells found in the Herbarium material examined. in this study

are given in Figure Sc . e 5 JTe B

. ‘Maruxe paired whorl branchlets are usudlly of the same size

° (Fxgure 27:), but when ammged in whorls of three or four one or

~two branchlets (Figure 93) are oftér reduced. ,

Lateral “in e’branches: Lateral inate

ane bume on_every 4th to 6th axial cell and develop into Vegetativé

, dxes indistlnguishable from the primary axis. They arise iy the  apical

regions (!{igure ZSE) in an identical manner to the whorl hrsm:hla:s

which they replace. Whorl branchiges say arise when e branthy dgas
few as four cells in length (Fls\l[e 25f ) and inltially ate secund on
the abaxiul face: ‘Branches may also replace T

branchxecs (Figuxg 274) and are us‘éauy formed 4 the bassl jells. .

Gland cells: Gland,célls »(Figure 25h) overlie individual”

“scells of whorl branchlets and pinnules. They replacespinnules on the,
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FIGURE 27 . i
| N o 3 " SCAGELIA PYLAISAEI : '

i = I e ¥ B
.. (). Branchlets in whorls of three, two of sinmilat size, the third
. .reduced: Scale = 100 im ]

E () whorl htanchlel:s uuh blpumtely- arunged pin.nules R
T Scale = 500 :
. @ .., () Paired, opposite whot1 brarthlets of similar size, :ecmapmngia, .
.« ' ° . single and paired, are sessile on whorl branchlet cells.
- ScaIe = 100 um X
@’ l)evelap!ng» h\datermiuste btanch (1B) replscing pinnules on whorl T
4 branchlets (WB). Scale = 100 y . e i
(e) Mature gland ce. C) lacks pit connection with arent Cegll. 87
) gland ll(G)lki fon with pi 11
' Stained vith acetocarmine. Scale = 10 pa s ¥
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whor1 branchlet cells, often occurring ogether with a single pinnule

. © T (higure 25m), but never foind in addition to two pinnules. Two gland:
cells have not been seen on a single cell.. Mature glpg cells are
‘alscoia, measuring 10 x 5 ym to 35 %35 um (ms]or diameter x depth) and

" have no pit connection with thetr, parent cell. . They WG wrEetvacEIve

Iap'peaf\anca and ‘stain unifornly with acetocarmine (Figure 27e-).' The

glanqvcello_inil:ial arises in the same manner as a pinnule and staining =

with EeeEbeatHE reve;{ied‘i,nuclelfs (Figure 28a-) and a pit conne?:iun,.

but as tlie cell matures it loses its pigmentation and® the pit comnection

degenerates. . ’ . :, -

Morphology, and Detelopment of
Reproductive Organs.

Tetrnsgorﬁngia

diru)ded (Figure 25d), but the vertical division & z}‘:en offset giving

Mature tetrasporangia are bvoid and cruciately

an appeafance of tetrahedral division (ngm—e 25d). - ‘They are borne -

_singly or paired (Figure 27c ), adaxially on whorl branchlet and pinnule

cells. | of mature t . a for the herbariun material }
examined are given in Appendix III, at maximum they measure BO x 56 um.
The tetrasporangial {nitiajl 15 ovoid (Figure 24e) and divides

transversely to form a bispore (Figure 25b), the bispore cells divide

at right ingles to the plane of the first division to form four spores.

| Sgetmatangis' Whorls of ‘1 - 4 spematangial branches (Figure

o3 28b ) are borne on whorl brachlet and pinnule cells. Each sperna-

S /g tangial branch is of 2-5 cells each bdaring whorls ofs1-4 branches

, . . )
composed of 1 or 2 cells. The ultimate cells are the spermatangial’

mother cells and-each may form up to four spermatangid.
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N Sa) Developing gland cell (GC) has pit cormectian (PC) with parent -
. cell. Stained with acetocarmine. Scale = 10 T .

(b) Spermatangial branches (SC) boroe on the whorl branchlets,
releasing spermatia (S). ' Scale = 50 um

o). Pro‘carp,‘ carpogonial branch (CB) attached to enlarged supporting
1 (Su.C) prior to auxiliary cell formation, Spermatia (S)"
are attached o the trichogyne (). Scale = 501m .

=T (@ Fungal Infection of terminal cell of a rhizoid (RZ), the mature - -
2 " fungal sporangium (FS) has a single discharge tube (DI). r .
. ... ‘- ‘Scale =.50 ym . )
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Procarps: Garpogoniel beanches (igirs. 286 develop on the
basn. cells of whorl branchlets in the apical regions of the axes.

The- whorl branchlet gevelops normally except that its basal cell

produces a cell on its abaxial side which develcps into a four celled

carpogonial brangh, the last cell is the carpagonmi with an elongated i

trichogyne. ~ S
.

Development of the te: Spermitia were observed

attached to trichogynes (Figure 28c). The trichogyne subsequently
degenerates and the basal cell of the whorl branchlet cuts off the
auxiliaty cell (Figure 29 ) on its adaxial face. The carpogonium 4"
develops a connection with the.auxiliary cell, but from the material
examined. it was gmpossible. to tell whether. this. connection is direct
ur theough the toteredlery oF & comsEETHg ol A fueton Cell Tores
(Figure 29 ), cansisting‘oi the auxiliary cell; the basai cell of the
" whorl'branchlet and the axial cell on which this is borne. A
goninoblast s 15T (Bpure ™50 Havelops ouy wid remsinmspaiilaily "o
fused with, the-uppeg: face of the 'auxiuariy cell. This initial -
produces four or flye irregularly placed cells “andreach ultlmately
forms a group of carpospores aggregated into sequentially develsping
gbnim:nlﬂbes (Figure 29 ). The mature carposporophytes.are not ’

surrounded by whorl branchlets and the fertile axis.continues
C e

vegetative growtfand may 1y bear ‘other carp tes.
&

Fungal Parasites. : . .
No fungal infactions | were Seen-on Field material, but.were
found 1in a single culture of Form'A. 'The culture (ES 10:16-8i150)
"was of apical fragments of a tetrasporangial plant from P‘ultp‘gal Cove
. b % #

-
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DEVELOPMENT OF THE CARPOSPOROPHYTE: OF
§CAGELTA PYIATSAET

I, Development of ‘the procarp, with the basal cell of a-whorl
branchlét functionifig as the supporting cell bearing a three

= _celled carpogonial /‘ﬂranch plus the, carpogonivm witﬁglts
élongate trichogymé.

II. Inmediate posc—fertﬂizecioﬂ stage, the supporting cell nas
divided.to produce the Alxxiuary céll and’ the trichogyné s
partially but {on has developed-betw
the auxiliary cep ard the :arpogonium. ’

i ' 4
III. Initial development of the carposporophyte with a s1ng1e
: gonimolobe, Partial fusion has occurred between the carpogonium,
the auxiliary feu the supporting cell and the axial cell
bearing the fértile whorl branchlet.

+IV, - Structure of [the mature carpospnraphyte. Five gonimolobes are
developing edch on'a gonimoblast initial cell. A.prominment '
"has formed consisting of the axial.cell, the
supporting ‘cell,’ the auxiliary cell and the carpogonium. The
lower cellsjof th= r.arpogcnlal branch persist.

auxic. = a\.ugilia’x{ cell; ax.c. = axidl cell; c. = earpogonium;

c.b.c. = carpogonlal branch cell; f.c..= fusion cellj g.c. = gland
cell; gonl, = ganimuobe gonb._init. = gonimoblast initial;

rh. = rhizoid; s.c. g cell; tr. = w.b. =.whorl
branchlet. . - -
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(st. 135.10) and was cytolngically fixed befnte the f\lngus was i found,
Mature sporangia (Figure 28d) occurred in the apical gells of the
axes, and in terminal cells of rhizoids. The contents of the infected
cells were dg.stroyed, but the adjacent cells appeaxed normal, The
sporangla vere completely contained within the "host cell and measured
(22) 30-40 (105)1( (12). 22-30 (37) wm, they possessed single discharge"

" tubes measuring 5—8 x 5—8 um (length x diameter). No plammts were
observed. ‘ h

Habitat. T i §

Both Fpn;m A and B, whe!ie these were ide‘ntified, occur in
aaleazad aad exposed Localities. — SpEctpas ure Foman
the Tover 1_1ggo:ai, espectally in rock pools,, but tBy occur most
commonly,in the immediate §gbliitotal. both ‘are found to the lower
limit (Approx. 40 m), from whidh coliecsions “have been made. Both
forms grow on bedrock, stablé boulders, and commonly as epiphytes
on larger algae in exppsed 10ca‘lities.“ *1In shelterad regions they

a'légs occur,on loose ];xav\el. . ‘

- No detailed morphological -studies were undertaken with @ .
respect to depith, but plants from deep water are 'usu;lly smaller
than_those from the imediaté sublittoral.’ Changes in cellular
worphology and bra‘nching pattern with depth, at least over the

: " ranges exanined Here, appear 1nsig~nif1cant in ‘comparison to seaacnal

ghzmges, . T .
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". Geographical Distribution
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ANTITHAMNIONELLA FE_O&COSA (0. F. MULL.) NOV. COMB.

Introduction -

Taxonomic Introductinn

Al onccosa was first described frnm Norway by Miiller (1732)

as Conferva floccosa, and the currently accepted nakie; 18 Unththanmiion

- floccosum _(o\:. Mill.) Kleen (Parke and Dixon, 1968; South and
70).

Cardinal, This st}ldy has shown tlha:' the spec\ies does not fall.
within the circumscription of the genus Antithammion Ndgeli (1847) as
outlined by Wollaston (1968, 1971),, and its transfer to the genus

AR ithamionetiadyieila nroposeds ‘ The species will thus be named

. Antithamionella floceosa (O F. MGLL.) nov.’ comb. and will include

Canferva floccosa 0. F. Miller 782 g .

Callithamion plumia var. pusilla Lyngbye (1819)

. Callithaimion floccosun (0: F. Mill.) C. Ag. (1828).
Callithammion péllexf;ﬂii Harvey (1;1.!.)
Pterotpamion Floocban Nigels £1835)

Antithammion floccosum (0 wﬁll.) Kleen (1874)
- .
. Callith ton flod var. lanticum J.—Ag-—(1876)-

Antithamnion plumia var.' floccosin Rosenvinge (1893).

s

a. ﬂoncasa has been reported from the Nogkh Atlantic and the

. North Pacific; in the former it®occurs on both the Americar and
European coasts. Its recorded range in eastern North America is From

_“Massachusetts (Taylor, 1957) northwards, to southern Labrador (South '

Py
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and Hooper, 1972); reports of its cccurrence‘in‘ castern Canada have
been listed by Cardinal (1968) and subsequent to this it has been
recorded from Newfoundlan South 1970 Whittick and South, 1971,

B 1972). In Burope.it.oceurs in Scotland' (Batters, 1902), the Facross >

. (Bérgesen, 1902) ‘and northern quay (Kleen, 1874; Foslie, 1890; N s
Jaasund, 1965), but is apparently absent from southern Scandinavia.
Zinova (1955) reports its occyrrencé’in tt.\e Murman Sea, it is’ pzeée:;:

. ;. in'Iceland (Jénsson, 1901) and southern Greenland (Rcsenvinge, 1899), " - .

but has not been reported from ‘Spitzbergen. ' Its occurrence on the
Pacific coast of North America (Kylin 1925 Scage! 1957) has been
questioned (Wollaston, 1971).

; 2 ) }

Vertical Distribution N
TE A. floccosa is frequently reported from the lower littoral

T (FosTHe 1890y Jgmsom, 19015 Bérgéseny—1902; Taylor, 1957), but has

been found sublittorally to depths of 20 m (Jaasund,; 1965) in Norvay,

. and to 35+ m in Pastern Canada (Edelstein ob.al., 1969).

" Reproduction and Life History

No experimental work on the M fe history of A..floccosa has

been reported. Tetrasporangia hape been frequently recorded in the

field (Foslie, 1890; Jénsson, 1901 Bérgesen, 1907; Newton, 1931; T <

Taylor, 1957; Jaasund, 1965),.but there are no reports of male

tes. Fenale s, with tes, have been
recorded on a single occasion (Foslie, 1890). There are no descriptions
of the carposporophyte;’ the report by. Daines (1913) is from a gpecies . ° |

© ° currently recognised hs Antithamrionella pacifica (iarv.) Wollaston'
3 . { y
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(Kylin, 1925). Edelstein and McLachlan (1966) have observed Juvenile

plants of A. floccosa between January and March,in Nova Scotia, and.-
have reported tetrasporangial plants in' January, February, May,

-November and Decembér (Edelstein et al:, 1'970).\

Fungal Infections

A. floccosa, in Nifoundl.and, 1§ attacked by a species of

y e -
Olpidiopsis Cornu ( 0lpidiopsid ) which ¥as initially
identified as 0. magnusii Feldmann and Feldmann (Whittick'and South,
1971), but .later described| as/2 new species, 0. antithamionis

urh (1972). s ° et

Whittick and Soi

The principal aims of this study of 4. floccosa were:

.

to provide’a detailed description of the species with special
4 Voo . -
reference to the development of the carpospordphyte.
i1, to determfne its reproductive periodicity at the Bay Bulls
| (St. 124) study site. - - o
.ii1, - to determine its life history in culture.
iv. to provide cytolégical confirmation of its 1ife history.
v report on an incidence of fungai parasitism. ’
.
"Observations and Results

Description of Antithamnionella floccosd

This description is based on an examinaticn of herbarium
materal (from the sites given in Appendix II, and {llustrated in "
Figure 30°), and on extensive collections from Bay Bulls (St. 124).




FIGURE 30

T "' 7. COLLECTION SITES OF EXAMINED SPECIMENS OF
i 4 * ANZIZHAMIIONELEA FLOCCOSA

' Localities from which speeimens of A. Floccosa examined m ‘
this study- vere obtained. The localities 1ndidated hy the station
. numbers ‘are given in Appendix II.

”
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The ‘herbariun iatertal confirns the distribution of the species as'

given in the'literature and extends the range southward 1n North o e gl

; America to northern. NewsJersey (st 1.1).: Spenimens £roi southetn
;. : :

\ “Grednland (Rosenvinge, 1899) have not been seen. :
Vegetative Morpholngy. i S R . T

e et A. flocaosa has a prosuate habit, but the tips nf the axes |

are free and erect. 3;.1 cells vary.in size depeqéing on Eﬁeir -
; L =" position; the smallest is the inmedtate subapical/ceu(l. 7 % 83 1o um),‘ S
and in the mature axis ‘they may measure 2000 x 150 ym.  Each ax1a1

“cé11 boars 2 pair of subequal, opposites simples subulate whorl - . -

brarchlets, which in the mature part of the thallus consist of ten to
fifteen cells.’ The 1argesz of the whorl branchlet cells may meagure’ ~

- -,65 x 30 ym. The whorl hranchlets are arrsnged distlﬁmusly on the

dxis,jand arise in the, apical region in a fegilas wAnnar.: The 3rd,
4th, 5th, and occasiornally fth axial cells from the apex ddvide

- simuitaneously (Figure:3la), each producing a smgm, sdeund whorl
branchlec. The axial cells’ inmediately below develop & simlﬁar secund
RFE _—— series, but on the opposite side of the axts, and they

divide again to produce the seamnd vhorl branchlet (Figure 3la ). °

v Whorl bx‘anc‘hlets reach their ‘maximum size on f.he 15th to 25th .

axial cells, they are ere:tn—patep: to the axis, {aler become - - FE

. recurved and are never \mcinate.
 Indeterninate lateral ‘banches afise in an identical manner’
to the whorl branchlets (Fl.gure ;- 31b) which they replﬂce. They are .

borng altetnately on every 3rd to 6th axial cell. On occasion =
N a B : - .




FIGURE 31

‘AMI'H'HA MYTONELLA FLOCCOSA

NN : . -

(a) Main axts shnwing curvath \tm diately ‘posterior to-the apical e T
2 “ céll (ACMA). Whorl )rra&r;hle s (4B) develop secundly In groups

TN ' of three. Scale = 100

Him

L g e,
heveloping on the whorl branchlets

(@) Tufted appearance of the apleal feglon. Seale = 500 ym

n ¥
® ¢ " . . (e) "Rhizoids (RZ) developing on-cells of whorl branchlets (wn) in 0 P
. . proxinity to the axial cells (Ax.C). Scalg= 100 * E

i . (£). Cruciate (CI) and offset cruciate tetrasporangia (oem .- pedicallste Yy 2
. - on a single cell’ or developing :emmauy on a two to four celled : &
< o ‘- plonule;” Seale<-100

LR L

C L (g)-Tet

,of tvo and ‘three on a single o
.cell.. Scale %

<100 ym

s § F3
; . (n) Cell bedring Chotateasposangln may - pmduce 4 two to four '/ Bt P
4 celled branch on which otfier _tetrasporangia may form. - Scale =
100 ¥ . . o
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©  indeterminate branches also develop on whorl branchlet cells (Figure

316 ).

The telatlnnship tiobwban axial cell sle, :heir pbsition, _and Co.

* the length of the whorl branchlets which t!iey bear,. is shown in

Figure 32 too typidal plant of 4. Floedosa. Axtial cell 1ength -

increases regularly with. distanca” From the! apex. %\fter the 20th axial
cell the length of the whorl branchlets does not increase, afd thed
séch'indl 60th axiiai cells, are s'ppraximaéely the same length as-their *
thrl branchlets. In the basal regions of the plants, axial cells '

say be, faur to Pive: finee as long as their vhorl branchlets. < As a .

result, of this growth pattern, whorl branchlets, -and indetermlnate

branches with their whorl branchlets, are clustered i the: apical X
regions. The basal tegions, with their. clongated axial cells, appear

v spatsely branched, stving the apical region of 4. floccosa a | . . @

discinctive éuf:ed appearance (Figure 31.1)

As the axis grows, its basal reginns hecome prostr@te and

e a::ached to the substrar’by rhizoids, which develop ¢n the whorl \

bk : Branchlet cells proxinal to the axis (Figure 3e )t S

Reizroductive Morphology. - ' 27 .
S esiue Jorolet . i . . L
t . Tetrasporangia: Te[raspotangia are borne on.the adaxial” face‘
. of a whorl branchlet,’thiey are never sessil.e, but usually pedic&llate

> on a single cell Gifgira BIE): OcscasTon CHey urs Eafutual oa o, £ B
- o :

two- to fnur—celled pinnule (Figure 31f). The tetrasparangia" are

, usually solftary. but -may be borne in I:Lustets of two or, threé on a
3 single cell’ (Figure 31g ).. The cellxwhich - the, tetrasputangium i
4 ) R ot 3 - : '
5 3 P ‘ . . : .
B : 7 : r " ° o % et -
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. § © ' FIGURE 32 C e
P . g L Y COMPARATIVE MORPHOLOGY OF X 5
L ow : .. ¢ . .t ANTITHAMVIONELLA FLOCCOSA p i

i AND 4. é;im‘rm

main axis, together with the: length and the number of cells, of the

% 1ongest whorl branchlet borne on this axial .cell for three species of

oL nithamionelias

i i AL flodeosd” (St. 124.26, Bay suus', November 1971) .
- - i
L. 4. pacifica (St. 77.1, st. Fahien—su:-ner. Gulf of
. Lt . . St. Lawreer, September 1966)
&) oL T4, p'.zciﬁm (Paciiic\Grove,ecalifemia fuie Wollsstan)

All data has bEEn obtained from a single specimen in each 1ns:ance.
I . . - . .

'Compatisan of the length of ‘every fifth axial cell in :he ¥
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may divide to s Rreie e YiresyediTed traseh (Figure 31h)
on which other ;etuapqzangla may form. %

. The: developing fetrasporangium enlarges to 50-60 x 25-30 ym
prior to the first division which is across the marrow axis to form a

_ bispore (Figure 33a ); a second vertheal division produges the
Catraspiors. Hbrae types of-iivistim are: aviisib:du tie wikure ) 7
lzrras‘puraﬁgia; a reguar, nmciaze'dxvismr (Figoge 316 ) an offset
cruciate divésion (Figure 3L, and what appears to be a normal

‘ tetrahedral division (Figure’ 33h),"a]1 may be fouhd on the szme
y i \\/ . ] i

plant. 4 3
Clusters 6f undivided spor, ;;‘1;—1tke bodies (Figure. 3-3.:)
have ~been frequently observed, and ‘are particularly common in the
pras:raze basal rggio::s of the plants. They occasionally appear to
‘,be cruciately divided (thuxe 33-:), and it is Possible that thez ‘are
abortive tetrasporangla. Similar structures vere reported by Jaasund
. (1965) for ‘Il.' floccosa (as Antithammion flocegeum). It-is mot Knowa

if they are viable and {f so whether they function as meiotic

t or .;;:'ouc . "

o Spermatangia: Short e five -celled. br'méhes develop,
eigher singly, or in groups of c@ or th(ea on the adaxial side of -the
vhurl brunuhlzu (Figure. 33d) | Fach cell of the shot: branches may

eithier bear. a uh»n of tuo ‘to four spermatangia, or develop a st

o8 to firae cglled btanch, \each cell of which bears two ‘to four

" sperpatangia. : s B

.+ Procarps: The first !:ell ef a whorl branchlét 15 cut off fram

an axial cell dn the aplr_nl region of the axh._ This single wor1
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)
ANTITHAMNIONELLA FLOCCOSA . .
Xa) ' Cytokinesis of tetrasporangium shuw!ng initial bispore formation. -
- Scale = 10 p L
(b) 'Mature cem'hedrauy divided te:mpémngmm 17). Scale = 50 1m .
; - (c) Clusters of mongsporangia (MC)’ wir_h a single develnping o om T
¥ tetrasporangiun (T). Scale = 50 w . . 4 e
re .
(d) Spermatanglal clusters (SC) on adaxial surface'of whorl hrsnchlets,
releasing spermatia (S).- Scala =.50 ym . -
“{e) - Apical region of female gan te with car 1a1' b s (CB) .
i - -on basal cells of reduced whorl branchlets remaining unfertilized. : ' -
. " Axis continues norsal vegetative growth. Scale = 50 im .
(£) Geminating tetraspore pwducing 3 rhizoid (RZ). - Scale = 50 im '
(g) Late stage of spore germination with a rhizoid (nz) ‘and a 31@1&
) * axial filament (AF). Scale = 100 u ] g
(h) =~ Férnation of £frst whorl Dxanchlets, (wn) on an axial, filamem:. CEh e
“Rhizoid (RZ) continues growth: Scale = 50 ‘-
‘e e - 3 W -
. : ; s
2 r )
F Y .
. r x
i o 5 \ H .
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branchlet cell is the supporting cell, and divides to produce a cell
- on its abaxial fate (Figure 3% to b a fuur gelléd carpogonial
- branch: * The terptai carpogoniun is élongated to forn'a trichogyne
(Pigure 34 ).. The whorl branchlet cell then divides again, but the

E l:Ell ptoduced undergces nn further divislon, thus a fertile whorl

branchlet cqnsiéts of two cells (Figuta 34 )

If fernuzation dces not* uccur the uichogyne dege.netatés Siren
. ' :r;e vegetative axis continue\ growth, But no further, develvpment of
_thie whorl branchlet occurs ‘(Figure 336 ).

ot Dev 16ptent. 6F :he : After fe:tilj.z:tion, the_ ¥

hasal pottion ‘of the trichngyne perslsts: (Fxgum 34+7). The N
carpngcnium produces a cennecnng cell (Figure 34 ), vhich fuses with
. gl the auxilinr—y cell, Sorned bn the adakial face ot the supporting ceu

N i nurmg devefopmentsof e carpuspotuphyte, the auxillary cell, the

SN0 supporting cell’, el the estal oill bearing “the ferfile whorl brsnc,hlet‘ :

" fuse. Th_is fusion cell is also partially. fused with the gunimeblast .

' initfal (Figire 3 ) which is cut off from the pbith-surfacesof e

©... " auxiliary cell. The gunimoblast initdal produces tug to five cells,

- each producing % 41 e ally developing . --

B e gonitiolobes (Figure 234,

- " Growth' of the fdrtile axial apex ceases after Eertilizatl‘on

and is replzced (Figure 3% ) by the accelerated growth of a lateral
bxanch. The develupmen: ok et tarpospcrophyte s:imulates divisiou D
of the axial cells immediately distal to the fusion ceni. In

¢ addition. to their paired distichous" wherk Branshieeh thel devsiss

one .gr two fyrther whorl branchlicts (Figure 34 ), :whichfarm & loose




v o L FIGURE -34

L 3 DEVELDPMENT OF THE CARPOSPOROPHYTE O] \
© - . & ANTITHAWIONE‘LLA FLDCCDSA

Development of the procarp .en' the basal cell of a developing - H
+, vhiorl branchlet {n the apical region of the plant. -

8 < o
II.  Four celled carpogonial branch, including cn‘%ogonsum wit’h E
& elangated :richogyne. 1 a b

IIT.  Inmedfate’ post-fertilization stage. The grovth of the main ‘axis

by division of the primary apical cell is supressed and i {
. . teplaced by a secondary apical cell of ‘an indeterminate : KA
7 . lateral branch. K s .

. IITa. Detail of immediate yoat—iertilizat,{qn stdge. The fertile - .’ R
whorl branchlet.does not continue vegetati: rowth and consists’ %

- onily of the basal supporting cell and second dernminal cell. <
B The  supporting cell divides to produce the auxdliary cell on g

L ) 1fs adaxialy face which becomes joined with thé carpogonium via a8 o
g =, e . ‘- a ¢onnecting cell. The trichogyne aeﬁ‘a’ﬁ’é;ms but the baaal p ey v
He \ portion persists separate. fromw the na:pognnium :

. Vs Developing carpospotayhyte; A fusian cell forms: from the
. axial cell ‘bearing the fertile whorl branchlet, the supporting “
' cell, the carpogonium, the auxiliary celd and -the gonimoblast’ 5
Sa initial developing from this cell. The- yxial cells'basal’'to = ° Sy
ao %" . the fusion cell divide laterally to prodyce secondary whorl . a .
vl . branchlets, - which - forn a lopse. involucrefaround the Gl
developlng carpnsporophyte. A 4

- " ! e P e
; Ia. Detail of the developing carposporophyte. The fusion cell . &
I produces 3 goninoblast Initial producing cells which develop ', |

- into a series of sequeuziany develloping gonmomes.,

ap.c ='apical cell; aux.c = anxiltnty cell; c. cntpugonium' . : R,
. “ tc.b. =‘carpogonial branch; c.b.c. = carpogonial branch cell; .
- . -conc.c = comnecting <celly f.c, = fusion. cell; gonl. = gonimotobe; 4
goab. nit. = gonimoblast initidls; s.c. = supporting cell; . Wt
. tr. = trichogyne; tr.b. = richogy‘ne base; t.c.w.b. = terninal = L
A . cell of whorl branch)!t‘ W b. = whoxgl “btanchler.. % E o 0 &
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* | Hlamentous invéluere sroeid nh%carpospomphy:e. Al S
pabicat. R 8 . - R o5
In Newfuundland A. floccosa occurs i rock pools on the Tower
Hetoral ahd extends o depths of 15 metres. It iopost comon st . o
'depths of 2—5 étres, where it grows: abundantly on solid roek substral:e
in both “Rereased ERd exposed.xacauc}es. 4 floceosa, rg;ely grovs.
'epi‘phytic’al’ly, but small plants have on occasion beem found on ¢ e
Ptilota ser}qﬁ Kiitz. B ) N ' r
\ . . ¢ N . s S .
Reproduction. and Liffa_ History i e 4 = 3 e « §
Reptoductive rit Teity. i AEE . # 7
Data on reprodnc:ive periudicity are summatized il Figure 35 . ! .
Stenle plants predomim\ce, exr_ept ag r.ua periods:  in June snd July B \
fertile tot r tes are most abundant and between November an .
Harch :e:rasporophy:es and fettile gametophytes are fnund. .“F,e ile T
.ma;e g tes, -and female gane yte . g
the year only 1solsted~plants are found. Tatrasporuphytes ptedﬂmina:c
+dp June and July'to the virtual exelusion uf a1l ‘other plms, Snd
thmugﬁcuc the yeat are more abundant than gametophytes. AR
N . 5 TN s
5 ufe History in Culture, . f ‘ . H
w ¥ S : .

Cultures were derived from spores of plants cnllected at the -~ .

follouing lbcalities. carpospores St. 104 E St. 131.1, SI:. 135 11;
ta:raspores S}:‘ 104. 13, St. 124.20, St.' 128. 9, and were grwn in B

¢
ER 10:16-831200 or 10:16-8:500. . The spores geminated SRR
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o - FIGURE 35 . s
" REER(]DUCTIVB‘ PERIODICITY OF o
ANTITHAMVIONELZA FLOCCOSA < = " :*
v A ;

Reproductsve peuodicity of 4. floccosa at Bay, Bulls
(st, 1210) between September 1970 ‘and April 1972, Data are”'shown
as percéntage of total number of specimens examined for four
categories of ‘plant: sterile .plants, female gametophytes with
carposporophytes,* fertile ametophyces and fertile
tetrasporophytes
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2% trs X;m disc\urge. They enlaxged to ca 60 um dlmneter\_ji.vided .
transversely, a ‘protrusion formed at the xhxmdu pole, ‘and a.rhizold
L (ngze 33f) of elongate colorless cells (c:. 100 x 10 um) developgd.
> . The apl:ll pole &f the spore produced.a smele filament of,
-8 cells (Figure 33g). Formation of whorl branchlets comménced at
E " Py

this stage (Figure 33h ). Carpas and t L in

an identical manner; n’o aberxant germination p-nems wer{ seen. The,

plants were maintained in tulture, when nel:ensnry by apical subculture|
;' for periods of wp tv six months; they never became fertile. d
iy . Mo culture sertes vere set Jp'. one fron tetraspores derived_
ifqn;Aplants collected at New Chelsea (st.145:1), the other from
carpospores of plants ob[fained "from Bay B\ulls (St. 124.26). They were ‘“ -
govn in ES under the following conditions:
' < 2:8-16:1200,500,156
$:8-16:1200,500,150,
. . . ' 5:16-8: IZUD 500,150
' 10:8-16:1200, 500, ’ : B
10:16-8:2300,1200,500,150
: | 15:16-8:2300,1200,500 ;- .
Spores germinated and the plants’ grew uider all the conditions. ‘o
detatled measurements pf growth rate were made, but visual ‘observation
. revealed that: . Yo
"i. the rateof cell division is greatest at high temperature. o
1. the rate of cell diyision is reduced under short daylength
condilons: th: compartion +iiih siailas conditions ot img  °

.~ daylength, even when on was made for lower total




¥
ey wede srreued Govaltériate secahd §Eouss of three to four

iid.

-11‘1min-nca.

the light intensity at low temperatures has little effec: on
the ‘rate of cell dmsim,~but at 10°C -nd 15‘(: is grutesr.
at hi;h light, 1nr.ensiues. N .

At 10:8-16:500 lnd 10: 16-5 150 an aberrunt growth” form N

¥ o ot il Sy cells e anly single vhorl branchlets.

bxanchle:s _(Figure 36a). All éultures were malnlatnzd ‘for periods

in excess of six months, and did not become fertile under any con-

di tions.

In an,attenpt to irduce the formation of reproductive organs,
.

cultiires were transferred:

' Interphase Nuclei.

ii.

-iid.

iv.

from ES %o ug‘xue seawater, which was changed .at 48 h
intervals; :’:1111!‘.5 were ‘maintained in this manner at
10:16-8:1280 for 28 doyy asd ramsined Nendthys 3
from }5:16-31500 to s:s—xé:soo, and 5:15-'3-500. .

from 5:16-8:500 and- 5:8-16:500 to 15:16-8;500

Vfru- 10'16-8'1200 and’ 5:16-8:1200 l}) tot; darkness for five
days, and then catinel o the origiral conditions.

"Development of reproductive organs was not induced by any of

the above cunditio:\!', though normal vegetative growth- continued.

Cytological Studies B

cells

% 5 ¢

A. ﬂaccosa hu uninucleate cells; except for the first three

of the carpogouial branch, vhich sce binucleate, The mucled
. . < 5




R 3 FIGURE :36

T ' ANTITHAMVTONELLA Bragoss . S

(s) Aberrant axial development showing aI:emate aec\md gmups of

5 whorl branchlets. Scale = 100 ur .

(b) Mitosic prophase in a haploid apical cell. with m. 25 chromosomes.
Stained with acetocarmine. Scale = 10 p

() “Mitotic metaphase plate (P). Stained with acetocarmine. - = . °

‘Scale = 25 (m
(@) Mitgtic-anaphase. Stained with'acetocarmine. Scale = 10 m
(e) Mitotic telophase, Stained with acetocarmine. . Scale -4 10 um,

)" Diaklnesis stage of meietic pmphaae in a tecrasporanginm.
Stained with acetocarmine. Scale'= 10 im

(g) Mitotic prophase fn a diploid cell. Apptoximataly 50 chromosofies.

“Scale = 10 m .







vary in size with their position in the plant. - In the axial cells
they are smallest in the immediate subapical cell, measuring ca. 4 ym
diameter with a 2.5 ym diameter nucleolus. In mature axial cells the

nucleus is displaced-to the side of the cell, has a lenticular form

_and may measure up to 80 'um in largest diameter.| ~ .

Mitosis. -«

Mitotic divisions have been observed in apxcal cells producing

uhntl branchlets, and in whorl branchlet cells:- They are similar, #

REapE T, ALEEsTansNE 4 HUAteAE atde,, Ta Ehd apical cell the nucleus |

enlarges to 6-7 ym'd{ameter prior to-division,. The process of division

* through prophase (Figure 36b ),.metaphase (Figurg 36c ), anaphase

(Figure 364 ), and telophase (Figure 36e ) is identical to that

déscribed for Seagelia pylaisaei.

Meiosis. CIE = :

The site of meiosis is located in the tetrasporangia. The

early stages of the meiotic prophase are weakly stained, but in
o

‘.ua'u..gu the bivalents are clearly visible (Figure 36f ). The

. renainder of the division is identical to that described for Scagelia

pylaisaei, with cytokinesis immediately following the first nuclear,
division. Thus irrespective of its final appearance, the ontogeny. of
the tetraspotnngium 1s cruciate.

No Irregular or upmmuuc dlvisiopu Have bean chiserveds

Chromosome Numbers.

% All dlrom!om cmmtn hﬂve been obtained frml Pplants collected
s o i

at Bay Bulls (St. 124). -Counts from 2 ; male

2
Ry 3, o

LI . 4 % 3




‘and: female gametophytes are presented in! Figure 37._ Tetra—

sporophytes ‘are” diplofd, with 44-52 chromosomes (Figure 36€);"

gametophytes hapioid with 2127 chromosomes (i‘zgure 36b) . Nex;:’y—‘two
to :wen:y-four bivalen:s are found in- late meiotic prophiie.
‘v Thitty—three chrnmsome cc\mts were obtained. from eighteen
o plants collected at Bay Bulls (St. 124.31) in April 1972.
‘These are pr_ésented in*Figure 37c. .The plants ax;::’diplnid, with

\ . ; N - % %
counts ranging beteen 44 and'54. . P g s .

y vl

Olpidiopsie antithamionis Whittick and South

A fungal 1nfectinn was observed in 4. flacr,'oaa collected at
three sites, Bay Bulls (st. 124.8), Portugal Cove’ (St 135.11) and
Lagy Bay (st. 128.12) durlhg October and Noveber 1971. In the Bay
Bulls collection (St. 124.8) approximately 60% of the host plants’ were
found to he infected: < - o & © o
Heat treated seawater, into whil:h fungal planonts had been
Felgased, was used as an’ inoculum to infect cultures derived from™
> teiraspores of an uninfected plant of A.'ﬂoccuxn’..‘ Inr addition

attempts were made to infect cultures of Scagelia pylajeasi var. -

pylaisaei and the Trailliella phase of B isonia hamifera Hariots

" A1l cultures of infe;_cted material were maintained in ER at-10:16-8:500.
Description of Olpidiopsis mt‘bthaﬂm‘wms. >
The mature fungal sporangia are smooth-valled and either
sphertcal or ellipsoidal. The spherical sporangia méasure (5) -
20 -'40 ym in dismeter and the ellipsotdal ST 40 8 (100). m

“x 20 - 50 (80) ym. They usually develop a single :yxipﬂrlcnh. dtscharge
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; FIGURE 37 ) SR
. CHROMOSOME' Counts TN |
; w ANTITHAMNIONELIA. FLOCCOSA | *_ : =

‘e

. Distribution of chromosome coupts obtained from A. mitotic
‘prophiase of fertile:gaaetophyces and fertile tetrasporophytes and
comn

unts’ +from meiotic prophases-
of tettaspatogenesia. C. Distribution of chromosome counts obtained
from 18 sterile. plants collected in April 1972 at Bay Bulls (s:l 124.31).
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'tuhe 5 - 10 (20) ym long by S~ 12 (20) pm diameter. but on occasiun

sporangta with tua or three dfscharge. tubes vere observed.. The fungal

planonts have 'an iridgular pyriform shape and measure 5 x 3 ym, they

_contain a single, prominent, refractive body and- aré laterally,

biflagellate. The anteriorly directed flagellum appears shorter than

the posteriorly directed one. Na resting spores have been observed,

Site of Infection.

The ‘most. freguent sites of infection oF the host are_the cells
of the Sat agE and those of the whorl branchlets (Figure 38a ). The
host ceu may be completely or only partially taken over by the Figus.
cssuIVE ERIAY allsarE fréquently atfacked and multiple raseetons
4 axags Ea1e bee e uncomon (Figure 38 ). There is no carrelation
betiveen sporanglun size and the 4nittel stz of the host cell. In -
field material apical cells and tetras)orangta are only “earely infected
gnd rhizoids are completely free fram infection. In coptrast to this,
in the cultured plants the discharged tetraspores are very ;éqﬁe tg

attack and a nusber of infected rhizoids were also seen. v,
o . ¥ = n E

Mode of Infec;’IoMnd Sporangium Devélopment. - "
I cu‘nura :he‘pqséemr flagellum of the planont is observed

to make ‘FontaLt with the cell wall of the husc. it then enters a

pextod of rapif oovenst which ceases as the planont body'comes to lie

against the host. The entire contents of the planm‘lt pass 1nto che

.cell, however no penetration tube was observed and the empty cyst is

only rarely evident after futection has-ocentred, Disclotation and

.hypertrophy ‘af‘ the host cell follow inféction and partial 8t total



FIGURE: 38 . o

- . ANTITHAMNIONELLA'FLOCCOSA .
. - : g ) s

“(a) . Olpidiopsis antitharmionis, ‘mature'fungal sporangiunm (FS) with

i discharge tubes (DT) in whorl b:am:h;et and axial cells, o7
. Scale =50 im

(®) o Lmtitharrmzame, multiple sporangia. (FS) with discharge tubes s
. ¢ (OT) in a single axial cell.%.xgcmle =50 ym =
* 7 - (c). Planonts of O. antithgmionih' (PLY: become motile axd randonly
, distributed within the sporangium befute release through the {
discharge tube. Scale = 10 jm

0. antitharmionis infection -with a shea!ing effect (SH) produced

thickening of the wall in the ‘adjacent cell, - Seale = 50 jm

(e) Regeneration (R) of the host by protrusion arising from uninfected
- cellg,~apical to the site,of ‘infection and growing basally within
the-Walls of the previously’ infected cells. Scale = 50 um
’ 3]

Regeneration (R) of a previously 1nfected axlal cellby ou;gmu:m
from both adjacent. cells: Scale = 100 W
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cell bewmes a well (defined aréa containing greyish.masses of o b .

¥ 3
protoplasn. A distinct vall foms @na this fungal body to prodice

the sporangiun. Planorits are formed peripherally within the sporangxum e
s - ’
but become randonly distributed at matirity and age motile before - - «

* release through the discharge tube (Figure 36c).. B of spor—engia

may resulc in the.necrosis

3 the adjacent host it withau: direct

infention. s:imulating the contiaccion of -the pror_oplasm and a )thitk-

ening of r.hg cell wall to prodube a sheathing e(fecc (Figuxe 3ad)

Host. Regeneratien 2% @ ww " : ,' e * )
Regenexatinn of the infected cells was only observed in field .
. ma:erial. i cunure, every cell of the alga eventually became 1ibleted o
resulting 111 Ats' death. The prctess of 'regeneration appear to take. Pt

place by tvd distinet mechanisas dependant on the degrée of fon of
= - the host cell. In :he instance vhere the prntoplasm of the cell has:not d s
. been’ :o:auy destmyed by the fungus‘; vhere, che spcrangium has occup1ad

oily part of the cell, the sporangium wall degenera\:es, the host plastids . . E

» u,j? regain their cnlout and the protoplasn reoccupies the whole of the cell
o &

. Only the thickened wall temalns as evjdence of infection. When the
contents of the infected cell are completely.destroyed by the fupgus.
and the plﬂnnnts have relaaged,zhe ‘sporangium degenefates. The: -

. lumen of the cell is reoccupied by cytoplasmic outgrowths from the’

T -mxghbam?&ms, (Figure 38¢) usually £rom é‘m\Ee'ﬂ distal to the
LBy A e J ey s R




site of In some

ct 3 frn both adjaclnt cells (Piguu 381) and, the reuul:&ng pxomﬂ.as-lc .

Sy o pmtminns uy fuse’ on mucz. Cell nlln separatlng fhe ::generatlng

- cell “¥from their uxgmmup my form in a nuubex of plafgsq at the i E

ari;lnal site of the u.n. puox to f\mgll infection, at d’m poi.l\t of

initiation of the' pl‘ollu.lim ox‘at the point of fusdon of two . A "

iy stons.  After ik st ALt rematns thickened at the . 3 ‘
- - B o . site of the' 1nfect10n. and 1e Hauld ‘appear fr;l an. esmm!aon of nem v,
: mlte\rial i £ zegenauuon %% comon phenumenﬁ N ’
. “ L Hbst Sp'é‘cmcarv" e S CINT Bt . i
T “. - M exntnacion of 5. pylaiaset and the T¥xi leella—phase e
¥ o . Bonnsmaum:z hamfanz -growing in’ close proximxty to thg heavily .. gy
5 * " infected A’ onmolln at the Bay Bulle slte shoved that _they were \ . -

free fru- the’ fun;us At[eln'pts “to. hfect thou lpede: ultuxe % -




ANTYTHAMNIONELLA PACI‘ICA (%\RV.) 'WOLLASTON L

Introduction” .

Cardinal (967) and Cardinal and Vilfalard (1971) have °
. i e e
reported Antithgmionella pacifica (as Antithammiol pacifiown) from -
the Gulf of St. Lawrence, the first reeord of this species from

_eastern North America. Its previous recorded range was from Pacific

e "
.« Mexico (Dawson, 1944) northwards to British Columbia {Wollaston, 1971)

hd Alaska (Saundets, 1901). TIn view of the apparent disjuiction in
< the dXstrihutir;n, the waterial From:fhe Geifiaf Bv, Lavredva'yes =" if
examined to verify the 1dentiffgation.

4; pacifica vas first described from Vancouver Island as
-Callithamion FissacsiTesss paéificun by Harvey (1862). Its synonymy
HO - : '

Callithamion floccosun var. pacificum Harvey (1862)

Antithanmion floceosun var. pacificun (Harv.) Setchell and

; % Gardner (1903) N . v .

+ Antithannion pacificum (Harv.) Kylin (1925) - -

. B Nollastnn (1971) has placed A‘Vltithaﬂm‘l,an uneinatum Gaxdner a

‘species suppusedly separated fwm A.Rpaatfwa hy 1ts ‘uneinate whorl

branchlets, with the cir on of Antithammi ’7n-pac1.,ﬁca

' - as var. uncinata. 'rhe conspecificity of )qntithmnionella; pacifica %

(as antithgmiion pamfzcum) ané: Anmthmmwn uncinatun had been -
suggested by Capt (1930). . .

B Pe:sonal exam.tna:ion of herbarium materxa’l held‘ il\ NY has




_from A, floccosa.'

W ) . ’ 188
Wollaston (1971). The type material of Callithamsion flpecosun var.
pacificun held in TCD was also examined; the whorl branchlets in the
lower part of the axis wére recurved. It seems probable that var.

. is merely a hological variant of A. pacifica.
narvey (1862) dur.rxbed Callithamion floccosum var. pauﬁcwn
"Much more densely bram:h:d and with more longer pinnae than the usual
Atlantic varlety «.. 4" 2 : ) -

‘This vague distinction was refined by Agdrdh (1876) who
described C. Frcada B’ Atlentlcvas var“atlantioun. Its
whorl brénchléts were shorter than their articulations (axial cells)
in contrast ,:o'chouc of C. floccosum var. pacificum whxéh were. three
to four tiues-as long. The charactem was also cited by Kylin (1925)
when he taued c. ﬂoccosa var. pacszm to specific status.

» The undeney to form recurved whorl branchlets in A. pacifica,
which become uncinate in extreme examples, distinguish this species

5

Observations and Results

’l’htee spgl:imelu of A. pamfma (W 4240, QAC 5291, QAE 4336)
held 11| the persomll herbarium of Dr. A. Cardtnal have been axamined.

They were obtained from St, Fabien sur Mer on two occasions (St. 77.1

St. 7713). The specimens were superficially 1dencical, and resembled
a delicste form of A.-floccosa. The whorl s aER WaveE
recurved, and in the basal regions were éither equal in length to, or

slightly longer than, their supporting axial cells. 'A single specimen

(QAC 5291). was examined in detail.’ The length of every Fifth axial
e
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cell,. and the lemgth of, and the numbers of cells in the longest whorl

‘branchlet borne on this cell, were measured (Figure ‘32 ). :A spetimen

+of A. pacifica (NFLD 8648) from Pacific Grove, California identified

by Dr. E. Wollaston has been treated in a similar mammer (Figure’ 32 ).

N The Al\ floccosa and the Pacific A. pacifica differ in four

‘characters: ~ . . s .

I) the equivalent axial cells are ayproximx;:ely HA1E 45 Lopg
in A..pacifica as in A floccosa.

(1) ‘throughout the planc, the whorl branchlets of 4. pacifica are
longer than their axial cells, but dn 4. floccosa the axial
“cells in the basal regions are longer than the whorl branchlets.

(i11) mature whorl-branchlets of A. floccosa are composed of fewer
. ’ . g .

cells than those of 4. pacifica.
" (1v). the lower whorl branchlets of A. pacifica have Slightly
recurved tips,while thuse of A.'fzoaac;sa are straight.
The St. Lpurence A_pam.f-ma resenbles 4. floceosa. This is
particulatly evident in the' “numbers c; cells in the whorl branchlets,’

and in ratjo of axial r:ell length to whu(l branchlet length, in mid

and basal regions of the plant. They differ, in that the.axlal cells~

are shorter in the apical region of the St. Lawrence 4. pacifica.

. Aidetailed morphological study of the range of form in A.
pacifica and A. floccosa is desirable; but from the information
presented here, they ‘are distinct. A. pacifica from the Gulf of ’
St. Lawrence has closer affinities wllth A. floccosa than:with t}‘le
Pacific coast A. pacifica. The record of 4. pacifica from the Gulf of

St. Lawrence must therefore be rejectéd as a misidentification of.A.

flveeosa.
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> whor ANTITHAMKION CRUCIATUM (C.) AG.

Introduction

The vegetative and reproductive anatomy of Ant'l.thamn‘nan
S orutidainanli s /Y T il VATSELSE/OF N SPENISE YA been
described in detail by MHardy-Halve (1968). Tt is clearly distinguished
£rom other species and from related genéra which occur in eastern
Canada vby the following: ' h
iy s SHEEL AN S AT pALEEATARY opposite, decussately
arranged on alternate axial cells. * -
(11) the gland cells are borne on short pinnules, and are applied
to r,l;e adaxial face of two or three cells. "
4. cruciatun has been recordéd from eastern Canada‘on several
occastons, which are listed in Table . '
Preliminary investigation of Newfoundland specinens held in
NFLD and identified as 4. cruciatum revealed tha: they were Scagelia

pylaisaei. An attempt was therefore made to trace voucher“épecimens

_for othe/r eastern Canadian records to verify-their identity.

Observations

* Ref. Nos. refer to Tible - 14 of the reported occurrence of

A. eruciatum in eastern Canada. .

Ref. No. 1 and 2: No specimens have been located for these

records.

- Ref. No. 3,"5 and belled 4. cruciatum




"TABLE 14

REPORTBD OCCURRENCE OF ANTITHAMNION CRUCIATUM (C Ag.) «

Niig. IN EASTERN CANADA®

o Ref. No.

woN e

* Bell and MacFarlane 1933

. Cardtna1 1967

“Edelstein ef al. 1969

Authors

MacParlane and Bell 1934

Edelnui.nund McLachlan 1966

Lee 1969 n
Mathieson et al. 1969 ° &
Edelstetn et al. 1970 I

Stone et al. 1970 555

‘Ablantic N.S. and P.E.I. .

Halifax N.S. >

1\!!1(1: Coast of N.S.

;}as de 1a Madeleing, Que. (St: 59)

alifax Co. N.S. -

.
" Kelly's Island, Nfld, (St. 136) .#; |

Marystown, Nfld.
Digby Neck, §.S.

Campobello I\s{and,’ N.B.

. *The occurrence of . cruciatun in eastern Canada, based on preceding records, has 5
" ‘also been reported by: MacParlane and Milligan, 1966; Cardinal, 1968; South and

Cardinal, 1970.




(12 ARL 1727 Sandy Cove, N.S. (St 45.3) 1s- A ﬂoccﬂea.

©(£): ARL 1361 Peggy Cove, N.S. "(se 12" 1 A ﬂocaosa.‘ . s

(111) ARL 1262 Lunenberg Co., N.85 (5t. 48.1) 1s"Scagelia pylaisaei.
(iv) .ARL 1426 Pt. “Lepuau, N.B. (SE.°43.1) s 4. floccosa.
) m Crantiariy Cove Hallfax, 16th April, 1967 is
A, flaccoaa. v ; . “
Ref. No. 4: v spectmens (QAC4231 and QAC 4227) from the
,1les de la Madeleine ,(st. 59.1, 59 2) both lahelled Antlthzmm‘bon sp. ™
have been located-1n the herbarium of Dr. A. Cardinal, They are

e

Scagelia pylaisaci. ,
B ",

Ref. No. 6: A voucher specimen for this record is held in
CCANA (CANA,Z148g); it is Scagelia pylaieae.

Ref: NO. 7 Elnd 9 “voucher , specimens for these recards are held
1n the Rerbariun of the Univeraity of New Haspshire; they are Scagelia \
pylaisaei. : : .

P . Though not all voucher specimens have been/fraced it appears , *

that eastern Canadian records of A. cruciatun axe based on mis- ’
Sdent1Eicarions. However, a genulrespecimen of A. cruciatun, from h H
eastern Ganada was‘located held in ARL (ARLS379), labelled as 4. § &
anericanun and collected at Monk Head N.S._ (St. 57.1) 4th Gctober

E ] o
1968. ¢ en E ¢




_ are described (L'Hardy-Halos, 1968) and two unnamed,,morphologically

ANTITHAMVION PLUMULA (ELLIS) THUR..IN LE JOL. ., o

The vegetative and ive morphology of Antith

plumula have been reported in detail (Feldmann-Mazoyer, 1940; ~

- L Hardy-Halos, 1968) and the development of a carpuspotophyte vas

. 7 studted by Kylin (1923). It has a Polyaiphonia-type of 1life history

in culture (Sundene, 1959). ‘Magne (1964) has reported n = 23 and

2n = 46 . and shas the of meiosis E: )

in the 3 and forms of this species

distinct strains could not. be hybridized (Sundené, 1959).

g - In Burope, A. plumula occurs from,[he Heditetrsnean (Feldmann-

" Mazoyer, 1940) northwards to southem Scandinavia (Kylin, 1907;, : <

Rosenvinge, 1923-1924; Printz, 1926; Sundene 1853; Pankow, 1971). It

is reported from the United Kingdom (Parke and Dixon, 1968), ar:d the

Fae}oas (Bérgesen, 1902), but records from Iceland (Jdnsson,: 1901), o

Gregnland (Rosenvinge, 1893) /nd Spitzbergen (Agdrdh, 1868) are of.
pylaisaei, as ed earlier'in this work. = . -

% In éastern North America it occurs northwards ‘to southern

Massachusetts  (Taylor, 1957), and Hehte and ua:hxes'on»(lsw) have

r'epon[ed a single specimen frod New Hampehire which was personally

_examined and found to be ‘correctly tdentified. A, plumila reported

frot the Pacific coast of North America (Saunders, 1901; Dawson, 1962),
has not been considered by Wollaston (1971). There is a single recofd
from eastem Canada (South and Cardlnal, 1990) based on a personal F

:omunicatiun from Mlas C. T. MacFarlane.  The vbucher specimen has -
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% A 5 g
not been examined and its identification cannot-be confirmed; it does, .
&

.+ howevér, represent a &onsiderable extension of the previously reported

range of thT species. g
L. * ) , . B
In‘eastern Canada A. plwmuld can only be confused with

" Seagelia {§Jiaisaei. Both species have whorl branchlets which may be
arranged irregularly on the axls, and both possess gland cells borhe
on single whorl branchlet or pinnule cells, They can be separated in

that 4. plumula has pinnules arranged secundly on the adaxial face of
; . : :

P
the whorl branchlets, and by \the tptrasporangia, which are pedicellate Q
' 4 ‘ . & v D
. on single cells borne on the whorl branchlets and_pinnules.
W s = .
. E] .
% 2 N + : .
\ .
\ ! . 5 =8 ]
: = o .
1 * w o
- e o
s




’ \ - HUE GRNUS. CALLTTIAITON ) '

The genus Callithamion yas erected by Lyngbye (1819 and

- 15 Kes ahanges in & ion, coupled with
the. addition and deletion of specles? ‘Harris (1962) has revieved the

\ ' taxonomic history of the g‘enus and has‘ rejected, together with . o

“Boddeke (1958), its division by Feldnann-Mazoyer (1940). Feldmann-

. Haz:;yer (1940) proposed that the species previously referred to

Callithamion which possessed uninucleate cells, irregular gonimolobes,

~ and zig-zag 'carpogonial branches, should' be placed in a new genus’
. Aglacthamion sFeldmann-Mazoyer. Boddeke. (1958) questioned the valye
of the shipe of the gonimolobe as a taxonomic character, and noted
“the impragricality of estlmating the number of nuclél In cells of
" herbarium material. Harris (1962) " also found {rsri;lbixi'cy in the
forn of the carpogonial branch and suparted Boddeke's (1958)

- conclusions. s : A
a . Sl

The genus Callithamion (ircl g

' approximately sixty specied (Kylin, 1956) of which many are 1ll-defined.

Tt 1s apparent irom the 1i _and from mination of

wmaterial that opinions differ in the delimitation of many species of

Callithamion. The princi%chérscters used for separation ofyspecies
5 /

(Harris, 1962; Halos, 1964) ate: . o

(1) gross morphology.
T41) branch morphology.

(111) origin and growth rate of lateral branches in relation td the

C main apex. 5 3 s, w
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(v) vegetative cell dimensions. ’
s (vi) dimensions of tetrasporangi
. {vii)- degree of corticaton. . g .
g i &
X (viii) presence or absence of “terminal ‘Rairs. B
(1x). morphology of the spefmatangial branches. = &
“iy : () ghe'shape of che carpogontal branch.
& L & ’

x1) the Eom of the gonimolobes: 3
Many,‘of <these cliatacters are susceptible to environmental
Anfluence and “enls, cuupled with the lack of cnqcal typification in *
‘the genus, has led to considerable confusion.

Only four species of Callithamion occur in the study aren:

L C. byssoide§ Arnott ex-Harv. in Hook.; C..roseun sensu Harvey; C. .
corynbosun (sa.) Lyngbye and C. tetragomum (With.) C. Ag. (including
. baileyd Harv.) Vith the exception of C. rosewn tHeyeaze reasongbly

- = _well de‘f;lhed. Thesé species are slsa found in :he British Isles

(Parke and Dixon, 1968) and a revision of the British species of .

Callithamion is currently in progress (Price,.unpublished); for this
v @ .

reason no taxonomic treatment has been attempted in this study.. The

names ‘\appned to the taxa are therefore tentative gnd are based on

previc:é? 14 ons, 11y “those of

(1923-1924) and Hialos (1964). : P
N Studies have been limited to the }.eml‘agy of the species as
they occur 1n Newfoundland, their life history in culture, and to
their cytology. ) . ) *

. ’ C.. byssoides was not examined and although reported fiom '




- castern Canada. (Taylor, 1957; McParlahe and Milligan, 1966; Mclachlas—, - . |

197
s . - : s e of

. ; B . g sds
and Edelstein, 1970-71) it has not been found- in Newfoundland. Voucher
specimens for the eastern Canadian reports of this species have not :
been examined. x ;
s . P A
. < / ’\
. .
. . L
& i N e .
o : 2
S




CALLITHAMNION ROSEUM 'SENSU" HARVEY
. B

Introduction

v - The combination” Dal(ii}mmion ;'oeewr;, first used by Lyngbye ,
‘_ﬂ(ﬁm has the basonym Ceramium roseun Roth -(1798) but the éurrently
, ,accepted delimitation of this‘specles is that of Harvey (1849) who
\ - did not examine any Roth specimens, Parke and.Dixon (1968) suggest o \
" that Calbithamion roseun (Roth) Lyngbye and Harvey's Gallithamrion

‘¥oseum are mot conspecific.

. The -species examined here resembles Harvey's (18 1lustration

of C. foseum'and agrees with subsequent descriptions (Farlow,’

Rosenvinge, 1923-1924; TayLa'r,, 1957; Boddeké, 1956; Konrad-Hawki} s,
1964a, 1964b, 1968, 1972; Halos; 1964) based on Harvey's concept of !
the species.~ Ic has thue haen named L‘alhtha;rmm rogeum "sensu’ xe

Harvey.

. .
B The vegetative and reproductive anatomy, including development
of the carposporophyte, hasheen thoroughly described by Rosenvingé’
(1923-1924) and Halps (1964) ... Seufoundland matertal of C. roseum

differs from the previous descripticrlaonly in minor details af overall

- ok size, cell size and degree of corticatidn: Konrad-Hawkins (1964a, F S

. +1964b, 1968, 1972) has reported several detailed morphogenefic studiés A
5 . : .
. from'both regenerating fragments and tetraspores of C. roseum in
"% culture, but did ot ccmplete its life histnry The only previous

cytological study s that of Harris (1962) who obtalned a haploid t e

chromosome nusber m = 39. C. roseum, as reported by Harris (1962, B o
1966) is multinucleate and thus is not caq;pectfic with the C7 rosewn



!sensu' larvey of this study. It is appa}en: from this, and from .

exanination of herbarium material 1abelled C. roseun, that opinions.

digfer on the delimitafion of the species. Mo attempt hds' theérefore

been made to assess the distribution and the seasonal Ieproductive
B
petiodici:y of the species frumfpmvtuus reports except, as in the

instance of Rosenvinge™ (1923-1924) and Halos (1964), where they arg'

accompanied by a detailed description or illustration.

Callithmm‘ion roseim has been reported from eastern Canada on

a single oc:aslon (Bell and MacFarlane, 1933) and was not previously !

found in Newfqundland. It was' obtained from two localitfes in insulap :
Newfoundland, St. Bernard (St. 104) where it was-studied in detail, L
and ‘on a\s%ngle occasion from Bonne Bay (St. . At St. Bernard it
is an Jmcfansplcuous alga, rarely exceeliing 2 cm in height, gtwmg

epiphytically on L‘Z_adopham rupestris (L.) Kitz.; Polysiphonid lanosa

" (L.) Tandy and Plumaria elegans under a cover of Ascophyllum nodosun

o . :
(L.) Le Jol. on vertical rock faces at low water mark. It was rarely

_recognised in the field and collections were made by gatherirg large

quantities of Cladophora rupestris, from. areas where C. rogeunoccurred,

and examining these in the laboratory. .

Aims of the Study ° *

The principal ains of this gcudy of C: roseun vete to:

«
[€5) investigate its, seasunal changes in mnrphology‘

(1) decemine its xeproduc:ive periodlcity. *

(i11) .establish its life history in culture»and to determine the.

facto:s afiecting the development of repxoductive organs.




in culture.,’

i msem showed seasonal r:hanges in vegetative morphology:
N

obtain cytologioal confirmdtion of the iife historyebserved *

.with extreme forms ocg:urting in Marl:h‘ (st. 104: 11) (Figure’ 398 ¥ and’

@

R PX August (St., 104.15) (Figure 39 ).,

Them

€ naciceame b)angea

were in’ cell size, ovatall ‘size, the ﬂrrangemenc of Lha brtam:hes on

. the a;ds ‘and their degree of crowding in the apteal. teg n.

These

"y R “Table 15 ’
: Morphiology of two extreme, seasonal,
s_of C. rogeum at St. Bernard .
Horpholngical Date collected Date collécted
F character March’ 1971 .

(st. 104.11)

. August 1971
(St. 104,15)

Maximm height
of plants

Makimum axial
cell size,
Apex of axis '’

. ‘

less than 0.5 ch

o . =‘
50" x 25 ym -
indistine

obscured by
“crowded latera}

2 ems

300 x 60 ym
ddstinct:
lateral branches
not crcyded in

- branches apical rejion,
Branching pattern sub-distichoiis spiral, angle of
o P divargam:e 90-120°
) [ s
i .
5 . =
\ : p




FIGURE 39

CALLITHAMIVIGN RGSEUM
4 o /
Specimem (S . 104,11 st. Bernard, March 1971) ghmdng s?u‘rt celled,

.. densbly branched winter sorphology.. Scale ~ 100
(b) - Spectmen (st. 10615 “sey Bemrd, August 1971) showirig Tong celled,
. * + diffuse”branched sumer mol‘pholvgy. Scale = 500 pm =

e e Sporeling podaced from ce:mspo:e wuh rhizoid *(R2)’ and axial
filamnt (BE).. Scale = 100 w

o) Prdearpe.iith carpoganlal b:anch (cn) and trichogyne (1)
. Scale = 200 g
(ej Spermata.ngial clusters (sc) borne ,on adax:lal face of bx’am:hes.
; Seale = 100 N
(f) Young c_a:puspbraph»te with a su(gle developing gonlmlobe
(6L). ‘Scale = 100 im : R
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Rag:odul:tive Pericdicity T,
né:a on reproductive periudlcl:y are presented in Figure 40 .

¢ ra.sewl!{at St. Bernard'vas only fertile in sujfer and"fall, and \( !
e P ‘
‘sr.erilylants predzmmated at all times of the year. Tettaspornphyt

wete fiTst observed in July (St: 104,14), and in August (St. 104. 15

ﬂgrme male t tes and ophytes® vere alsn presen:,

.+ The fertile plants persisted until Octobet (st IOZ\Lbeut in SO
] 3 %

cember (St. 104.18) all plants were sterile. Tetrasporophytas and’

gametophytes appeared to be present in dpproximately equal numbers.

Culture Studies ’ B o
Cultures of (. roseum were established from tetraspores,

carpospores, and excised apices of sterile plants. -

Growth Rates.

© A plant bearing tetrasporangia collected at St. Bernard . )
(Se. T04.16) 1n September 1971 vas placed in culture (ES 10:16-8:150).
Spores were Teleased [#iehin 48 brs, after’uhich the parent pé.snt e
‘removed. Gernination occurred immediately (Figure 39¢) and vas of
the Cer‘mum-type (Ghemtn, 1937) as describéd by Konrad-Hawking' (1972),
no aberraé\c unipolar gernination patterns vere observed. After 8 days
coversup§ bearing ydwagAporelings were transferred to cultures uider
the candi[inns glven in Flgure 41 , where the.results obtained are
also reported. F

Grow:h loccurred under a1l cunditions, but whe greatest at :he

higher tepperatures. Light intensity had 1itele effect on the'Tata ot

cell production under any culture condition, except at the very low-




7 FIGuRE 40

07+ REPRODUCTIVE PERIODICITY OF .+
. . CALLITHAMVION ROSEUM

Reproductive periodicity of C. rosewy at St. Bernard (St.

104) between March 1971 and March 1972.
of total number of for

Data are shown as percentage’ i
four of .plant: v

sterile plants; female with
male gametophytes and fertile 57trnsporop

es, fertile
hytes. -




Percentage of - specimens examined

3 .o _8‘0

[e]

=5
<]

3

| .sterile plants
’

number of specimens exummed
6 1B 236204819"34‘012“16,

fertile
tetra-

sporophytes I I I

temdle gametophytes with  carposporophytes
R |

fertile male gametophytes ¢ L

I' -'«- x

samplif g e
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FIGURE 41  ~ . ! F*

GROWTE- RATES OF CALLITHAMNION PSEUM
IN CULTURE

/]

Growth rdtes at uveral culture cqnditions meuured as .
* the mean number of cells produced per plant ard the mean number of. . F o

. “axial cells produced per plant, of gametophytgdderived from
_ tetraspores aftér 4, 16, 26 and 33 days of cultu

. =T -
5 standard error’(x2) ||_ méan number of cells pef plant )
. standard deviation (x2) J_ r i . 5 ~

¥

. g L andard error (x2) .
mean nusber of primary — standard deviation (x\i I .
axial cells per plant | :
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8-16:50) where, slov growth occurred.

‘light intensity (

In comparison with the results obtained for Scagelia pylaisaei -
daylength had little effect on the rate of cell division. Plants at
10°C-grew-at a slightly faster rate under long daylengths than under -

short daylengths, but at 5°C no differencés were observed.

Because of the limited material mo comparative data of the

growth of spdrelings from carpospores were nhtuined\ - S

§

Life History in Culture.

" The cultures. obtained from ter_raspores and used for growth
rate -experiments were grown to reproductive maturity: - the r'esults
‘are présented in Table 16 . ' > 4

Fertile cultures congsiian appto;(im;ltely equal numbers of
% procaEpLal (Figure .39d) and spermatanglal plants (Figure 3e ).
Cultures under short daylengths and at 2°C were maintnined for 134

days and, although the plants exceeded the .size at whi.ch long day-’

length plants had becone fertile,  they {-emined sterileh

“Sterile plants transferred from 10:8-163500 to 10:16-8:500

produced spermatangta and procarps in four days. " Plants transferred

from 10:8-16:500 to 10:16-8:500 for 1, 2 or 3 complete 24 h cycles

and returned to 10:6-16:500 remained sterile. After procarps and

spernatansls were Eoruedy Ehelbr broduction continued when plants were

‘returned to 10:8-16:500, ’ . ’ -
A dgueloping carposporophyte (Figure ;-Jsf) was observed in

«culture at 10:16-8:1200 seven days after the first appearance of

procarps and jia. The female > on which-it was
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TABLE .16

RESULTS OF E{PERIHENTS TO DETERMINE THE EFFECT OF CU'l{l'URE
& CONDITIONS ON THE FORMATION OF REPRODUCTIVE
ORGANS BY.SPORELINGS OBTAINED FRO)}
TETRASPORES OF CALLITHAWIUN

Roszum g
’ = - i
’ Culture conditions. . Days in culture before "the first
ES mediun appearance of reproductive organs
15:16-8:1200 "Procarps and spermatangia at 33 days
" " 500 ° ! ¥ " v
10:16-8:1200 ‘| . Procarps and spematangia at 46 days
10:8-16:1200 o, reproductive organe forned '

3 noowl o500 - " . &

Spermatangia formyd after 74 days,

procarps after 82 days

%, «| 5:8-16:1200 No reproductive organs formed after 134 days
R ) " 50 : . " b
2:16-8:1200 . N w
" 500 o« T "
~ N B , E:
. 3
N |




s
foﬁned was isolated, under the same culture onditions. The carpo~
§3EES HAEHEEY HilWOTE LB OERE & FUPERE 12BAYH, AHA vee
“ then transferred to cultures T given 'in Table 17 .
Germination occurred in the save manner as for the e
Plants at 10°C and 15°C under long daylength produced
tetraspores. Growth occurred under short’days at 10°C, but the
plants did ot eome fétti:[e even though they remained in culture
for 73 deys and exceeded the size at vhich plants became fercile under
" long daylengths. PTants transferred from 10:8-16% 500 £6. 10:16-8:500
pro‘tiuced tetrasporangia within 48 hrs. ~ A
The :].iie/ history of C. meeun in culture was completed through .
two successive cycles; no deviations from the sequence of fatiampotuptivtas;
ganetophytes and carposporophytes was observed. The life cycle of
¢. roseun in culture is thus of the Polysiphonia-type and the

formation of reproductive organs appears to be induced by long day-

Culture of Excised Apices of Sterile Plants. -

lengths.

 Bxcised apical regions, consisting of approximately 20 axial
célls from plants collected at St. Bernard in July (St. 104,14) and-
6-8:1200 for Ag and

February (St. 104,20 vere cultured in ES at 10:
52 days :e;pecmely. All plants became.fertile. The results of
these .cultures are presented in Table 18 . .

The sterile field population on both occasions proved to

ek
\ cgnsist of tes a\hd y , but the former pre-

*_donthated in July’ (St. 104.14), when tetrasputephytea ‘have become




L}

1"

TABLE 17 B

RESULTS OF EXPERIMENTS TO DETERMINE THE EFFECT OF CULTURE

9 i
, CONDITIONS® ON THE. FORMATION OF TETRASPORANGIA N

4 ON SPORELINGS OBTAINED FROM CARPOSPORES OF
. CALLITHAMNION ROSEUM ; -
Culture conditions Days in culture before First
ES medium :

15:16-8:1200-

won 500

10:16-8:1200
Mo 500

“|10:8-16:1200
ol

appearance of tetrasporangia

28
3.
36
36
s

No tetrasporangia formed after 75 ‘days
"




 TABLE 18 ' .

. m:sths_o). CULTURE OF EXCISED APICES OF STERTLE

s ‘. PLANIS OF CALLITHAMVION ROSEUM
Source Pre-culture Post-culture
5 | \st.i04s. | D17 -stersTe 8 male gametophytes,
St. Bernard plants L
- 7-1971) 7 female gametophytes
< " i 2 tetrasporophytes
. . v
5t.104,20 10 sterile 2 male gametophytes.
St..Bernard plants - s ,
10 - 3 - 1972 . 4 female gametophytes "
' E < 4 tetrasporophyteg




‘fertile in nature. - ¢ R .

Cytologtcal Studies AP s

Fa Lihited cytological observations were madé, entirely on

cultured material. Great difficulty vas experienced in staining the

* nuclei of C. rapsum‘, few preparations of dividing nuclel were obtained

3
and none was of sufficient quality to allow chrumosome counting.

Interphase nucleus. 3.

AL the vegetative cells of C. rosewn are uninucleate (Figure

~42a ); cells of the carpogonial branch were not examined. The
interphase nucleus in the apical cell (Figure 42b) is ca. 6-8 um
diameter and ocnupies the centre of the l:ell. The nucleus does ‘not -

increase in size with increase in cell size, put ' is displaced to the

periphery of the cell. (Figure 42c).

v " E e
Mitosis, {7 ! 4

Yery féu mitotic preparations hive been obtained and were

either weakly stained or poorly differentiated. No deviations from

the @ I mitotic processes were observél. .

Meiosis. i
Tetrasporangial initialé are uninucleate and enlarge
0 x 30 ym prior to "the first nuclear division.: Few early prophase
stiges vere see;; but a distinct diakinesis (Figure 42d) with
approximately 30 bivalents was observed. No other nuclear stages of

tetrasporogenesis were found, but- four nuclei (Figure 42e ) are

present in the ium before'cy 8. ge of the

S

o
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- (a) Uninucleate axial cells. \,ﬁtained with acetocarmine.
100 im . i

“(e) Undivided

. ¢ v
P s T UFiewmE 42 e
CALLITHAMNION ROSEWM . . -
5 W . . .

Scale =

(b) Centrally located interphase nucleus in apical cells’ (AC).
Stained with acetocarmine. Scale = 100 wm, .
(c)’ Interphase nucleus (N) in main axls “difplaced to periphery of”

:he cell. Stained with acetocarmine, Scale = 10 ym

in dtakinest " showiug

a
approximately 30 Sivalenth " Stained with acetocarmine, . -
. Scale.=104m - - s B ¢ -

¥ o 1 .
showing ¢ weleate condition prior”
Stgined with acetocarnire. Scale = 50 hm

to cytokinesis.
1 cleavage (IT). _, H b

(£) Mature i i shawing
;:amed with acetocarmine. Scale - 100 Hm
- : A Y R SRR
8 il R Y
5" o .
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cytophsm’ 18 - ucrahedral to fam fnux tetraaporea (Figute 42: ). Py

Chrumcsnme Numhe:s .

Apart from the single nbservatinn of apptoxiuately 30 biva.lents .

in rllskinesis no vcher chromosome counts were, abtn{ned. : . W .
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CALLITHAMNION CORYMBOSUM (SM.) LYNGBYE P
Introduction N N

Callithamnion corymbosum is I'Efdiv distinguished from other
northeastern American ap:lctu' of Callithammion by its corymbose apical
hranching/pnl:tem’ (Figure 43a ). :-me'veggnn,ve and reproductive
anatomy has -been deacﬂbed on'a n\mber of occasions and the\fplloving
are particularly significmt, Thuret and Bornet (1878), Oltmanns o

(1898), Kylin (1907), Rosenvinge (1923-1924), Feldmann-Mazoyer (1940)

and Halos (1964). T ophytes, dioecious es and
ha#® been ded. “Tetx a havé been
reported on plants together vich a and es

(Thuret in Le Jolis, -1351- Hlutet and Bornet, 1375~ Bfrgesen, . 1902) ;
such plants have beep nased C. _corymbosum var. amphicarpa Thur. in

Le Jol. . . = R q\

c em'ymbam has a.vide distribution, ~

in“the Black Sea (Zinéva, 1967), ‘the Mediterranean (Hauck, 1885; Feldmann-

Mazoyer, 1940), the Canary Islands (frgesen, 1930) and throughout

Europe to northwestern Norway L(Kleen, 1874). Tts range in the

western A:lantlc is from Brazil (Taylor, 1%60) to eastern Canada

(Cardinal, 1968), and it has recently been, reported from Newfoundland -

(South, 1971). There are no records of-its occurrence in Iceland. or

Greenland. a, '

At its northernmost locations:in Europe C. cofymbosun is a

sublittoral alga (Kleen, 1874; Bfrgesen, 1902; Printz, 1926); Found

as an epiphyte on larger algae. In Nordland (Kleen, 1874) only sterdie \
& k

£ ) <
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. . ¥ -,
) . FIGUE 43 -
: . CALLITHAMVIDN CORYMBOSUM LA
T — . ¢ Co-
(a) Apical region showlig corymbose branching pattern. Scale = 50 jm
(b) Sterile fragments found in algal detritus (St. 104. 1se. Beinard, :
Merch 1971). Scale = 400 um .
(@) 11y divided . (TT) in apical :egiun; Stained '
with acetocarmine. Scale = 100 um . W
(d) Development of & rhizoid ‘(RZ) from an axial cell (Azi.c) 1n the
. ~ basal zegion of & fraguented planc. Scale = 25 u
R T i —_— developlng rhizoid (nz)
: Scale = 10 ym, & ; oL

B (8 Mul:inucleata axial cells. Sf 1néd with Acetoaﬂfmine. Scale =
100 1 ¢ . : -

(g) Uninucleate cails in apicalikegion with interphase nuclei. (N)
‘and a nucleus in lateé mitotic prophase (PN). Stained with

acetocarmine. Scale = 10 ym







" plants have been found. Printz (1926) repor:ed tetrasporophytes and b
catpospcrophytes from the Trondheim Fjord gand Bﬁtgesen (1902) reported
var. amphicarpa from the Faeroes.

Hassinger-Huizinga (1952) has cultured C. corymbosun through

werations and the Polysiphonia-type of life history

predémihaf':ea:“ Occasionally tetrasporangla occurred on a plant together
with either spefmatangia or procarps, and the tetraspores produced
:e!rasporoi}hyc‘es. It was ¢13¥hed that the abgimnt tetrasporophytes
“resulted fromthe presénce of two or four chromosomes, additional to
the normal diploid complement (2n = 60). Dixohi (1970a) has.rightly
stated that this cytological data must be regarded with caution. ‘o

conclusively establish the addition & deletion of two chromosgv:es

in sixty from a nucleus of ca. 5 ym diameter requires c‘y:nlogmat,
or\ the

preparations of higher standards than have ever been reported f

Rhodophyta. s . 4
' C. corymbosun was found at W localities (St. 95, St. 98,
¥ ‘ @°
P St. 9‘; St. 101, st. 104, st. 171) in Neufoundland during the Study . ¥

period, it occurred from low water mark to dgpths of ca. 10 méttes. on
R rock and as an eplphyte oh larger algde. The species has only been
y

-studied in detail at St. Bernard (St. 104). B
- . . i

Alws of the Study

The principal aims of the study were: : . N
s (1) tp estaplish the phenology of the species \

(11 to obtain its life history in cultures

. (i11) to establish the fackors controlling reproduction in.culture.

. &




P

2 o,
(iv). to obtain cytological capfirmation of its life history,”

Observations and Results

, )\

Callithamnion corymbosummas first found at St. Bernard in

Phenology i : L4

" September 1970 (St. 104.4) -and was one of the commonest components of

the sublittoral flora. Data on its occurrence and reproductive

Z - :
‘periodicity between, Septéber 1970 and March 1972 are presented in

.Figure 44 . Tetrasporangia e observed in October (St.. 104.6) and

by November (St.. 104.7) occurred on all plants. C.:corynbosun was
still comon:1n Decentier-(8c. 104,8) and same plants Still fercile;
however, in the immediate sublittoral (0-2 metres depth) they had
become bleached, and were breaking down. In January {St. 104.9) the
“species was no ‘longer ;obvious, but fragmented plants, some bearing
tetrasporangia, were found amongst the diatoms and the Trailliella-
Phase of Bonnamaisonia hamifera which are the major components of ‘the
understorey algae. ‘ X

SEetils Toapnsiite (FLaits 'z’.;b) were observed throughout the
spring and early sumer, but couid‘%::g)t be found in July (St. 104.14).
In August (St. 104.15) large sterile plants were comonly found and
by September (St. 104.16) the species was again a dominant part of

the flora. -Tetrasporangia (Figure &43c) were produced in October

(St. 104.175 and found again in December (St. 104.18). Only detrital

fragmenys 'of the species could be found in the early ionths of 1972.
*Gametophytes and carposporophytes were never observed at -

St. Bernard, nor have they ever been found at any other sites in
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FIGURE 44 -
<

g7 5 %

PHENOLOGY OF CALLITHAMNION CORYMBOSUM

Phendlogy of C. o x
between September 1970 and March 1972
fertile tetrasporophytes and the pe:
found as detrital fragments. =

at_St. Bernard (St. 104)
showing the percentage of _ *

when -plants could only be




i sampling date

months . of 1971
WRNSPFIFOONDANBWN B2 FO

’

1972

& a

Percentage of

sterile plants mm:mm
100 50 o 50 100.
B s ; N 1
— ) 1045
I 104.6
‘ I 1047
I " 1048
e 104.9
e 104.10
| E—— 104.11
e 104.12 2
< no collection made 2
— oan o
' no plants found B
e ol
-, 0416 §
. I 10477 g
no collection made >
(== 1048
| S| 1049
. . 10420
e 10421
B crtire pants’ )
[ tragmented detrital plants
. o

23
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Neufmmdland. 5o .

P In August 1971 (St. 104.15) two large rocks were removed from .

above the high water mark and placed in the immediate uublir.tnxal in .

an area where a dense grouth of C. cory . 2

(St."104.16) the tocks were covered with young plants of C. corymbosi. \

Tetzasporangia Kad not thes

veloped in the population, g vegetative

ion must have

Two other.sites, Grand le Pierre (St. 101) Ind Bonne Bay

(st. 171), where populations of C. car:t/mboswn oceur, W“EW t P

irregular m:ezvals. No detailed collecgfons were made, but ..
_observations revealed that & statler ssesinal pattern’ ocnune\. At
Grand Ie Plerre large populstions of plauts vere found in June (st. '
101.1), and vere fertile in August (St. 101.2). At Bonme Bay (St.
A 171.5') N DRI S— i July. This earlier growth is o
‘possibly linked to theisater temperatuxes ( 1) which were
higher earlier in the year at these sites than at St. Bernawd. -
# B o
. .. Culture Studies
The field studies revealed an apparent lnck'.gf gametophytes, :
< . the occurrence of Vegetative propagation, and the crypl;c mnature of
- .+ the species in vinter. The fate of the Seresporsngia produced T
nature is unknown. Théy may be: X 2
“ (1) abortive. . - i L

(11) the 1 plants.

(111) meiotic, but with the growth of the gametophytes suppressed

by environmental .factors. : .
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. Inview of these observations the growth and reproduction of

C. corymbosum was studied in culture.

Cultures from Tetraspores.
' Tetrasporangial plants vere collected at St. Bernard (St. 104.6)
. 4 October 1970 and placed in ER 10:16-8:500. No diacharge of spores
oceurred, i . plant fraguented. Each fraguent developed &
basal eRizetd (F1geee 434 ) snd Botinied apTear Secweh. SEetLie
fraguents vere transferred to.other cultures) where they continued d

growth and produced r The W o w oy

culture weré released and germinated (Figure 43e ) showing the ‘typical
Ceramium pattern (Chemin, 1937). The coverslips on which they were

growing were cleaned of vegetative fragments, placed in separate

culturés and incubated at 15:16-8:1200, 500 and 10:16-8:1200, 500, 150.

L_/ After germination, no further growth occurred; .at maximum !
three celled sporelings were produced and often spores only devéloped
a simple rhizoid. After 28 days in culture sporelings appeatyd healthy,
but no further growth had occurred.

On several occasions es in culture

were isolated, but eithel produced only limited growth or did not

gerninate.

* Cultures from Vegetatjve Fragments.

Detrital fragments of C. corymbosun collected from St. Bernar

in February 1971 (St. 104.10) and April 1971 (St. 104.12) were

cultured ER 10:16-8:500. They "grew and produced tetrasporangia.

———
A single sterile plant collected af St. Bernard in Septembe)
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1971 (St. 104:16) was allowed to fragment in culturé (ES 10:16-8:150).
3 Unateached fragments were inoculated into ES medium and placed under a
>  number of conditions to determine the effects on growth and production
of ‘tetrasporagia. ' The culture conditions and results obtained are
.presented in Table® 19 . i 5 \/
Vigorous vegetative growth and production pf tetrasporangia
oceurred at 10°C and, 15°C_under both long and short daylengths, but at

lover tesperatures there wag little growth and no tetrasporangia were

formed._| Huh two excepwms light intensity had little effect on the
cultures. Vege:ntive grouch uccurt!d at 15:16-8:2300, but prnductlon

of tetrasporangia was inhihi:ed. Plants transferred to 15:16-8:500

after 56 days at 15:16-8: zson produced tstrasparnngin in fous\days.

High light intensities were lethal at 2°C, but at 150 1x the plants
\-‘_remalne.d viable, though no obvighs grovth ‘occurred. Fragments of

C. corymbosum after 96 days < -16:150 were transferred to 10:16-8:500,

where they produced tetrasporangia in 28 days.
Cytological Studies’ . :
AIL cytological studies were made on material obtained from
fs

55 B L

P ‘The vegetative cells of C.jcorymbosun are multinucleate

cultures.

(Figure 43 ) and only the cells in the ixmedtate spical region

(Figure 43g ) have a si‘ngle nucleus. Therg is no increase in nuclear

sice w1k Tncresss in cell size. Mitosis was observed on a number of
_occasions in.apical and rhizoidal cells with no apparent deviation

from the normal process. some counts were o from dividing




. RESULTS OF CUL

¥ TABLE 19

OF VECETATIVE FRAGMENTS OF =

CALLITHAMNION CORYMBOSUM OBTAINED FROM

ST. BERNARD (ST.104.16)

5.

Culture conditions
ES medium

Vegetative growth

Production of
tetrasporangia * .

15:16-8:2300.

" m 1000
wow o se0
v w150
10:16-8:2300
" " 1200‘
o " 500

i
" = 1%
10:8-16:1200
won o se0

5:16-8:1200 b

L
i
5:8-16:1200
o
"oro1s0
2:8-16:1200

M .«

Vigorous giowth

Very slow growth . .*
3 "
o

Very little growth
but fragments
"remain alive
Fragments bleached

L
No growth, Eruémentaw
remain alive

None produced in'56 days

Produced in 14 days
"

",

Produced in 32 days
Produced in 23 days

" .
"
Produced in 32 days *

None produced in 94 days




l\uclel 1n late pmphase (Fig\lre b3g).

i L nrnd md 1 h was difficult, counts rangdd from

"+ ' 57-65 chromosomes with mo obvious peak‘ a:lany: number.

. gerninating tetraspctes were obtained.’ .
/ ¥, v e % g 9
o - E
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Introduction °

s Rasenvingé .(1923-1924) has given a detailed description of the

vegetative ‘and” e ahatomy of ( 17 Lthe He

included withxn his cmcept Of thi

ntity fout other spec-ies, e B

brachiatum. Bonnem. ;  prutiodtooun . Bg. 5 ‘ ba't.ley'L_ Hatv. and C.

sp'Ln’LfeM’l Kylxn, the Yatter three being plazed in C. tetragomum var., ® -

fm‘tt(mlosn‘ (J. Ag.) Rosénvinge, The delimitatien ‘of thes; species

75 - had previously been discussed by’ Kylin (1907) who concluded ‘that they =~ Q

I
could be separated on cell dimensions. !\

o »’ The' broadez\ed concept of C. tetmgamzm (Rosenvinge, < 1923-1924)

has ﬂot been \fniversally accepted, and 1n Nur:h Amer'iTa C. baLZsy‘L is

still maim;aihed as’a separate species (Taylor, 1957; South and

Cardinal, 1970) It 1s the only menber of this group Seported from:,

i eastém Canada ‘(South, and Csrdinal 1970).. A{though 1nicia'lly “

described by Harvey (i’ Bailey, 1848)- as 4. epxrate spectes itds . .

evident that He la:er (Harvey, 1853) had doubts about its separation 4
o

from C. te_tmganum and stated: '". . . the most robust forms. with the

e shortest joints approach inconveniently ‘near to (. tetmgummt.

“TFarlow (1881) alss! sathEatien . Botlayt {epampems v

* but sugges:ed»’ "We are im:lined Yo velteve thek £t wculd ‘be better to

“ cnnsider the present species as delicate forms of, C. tenganum. 3

2
o U Y ayler 957 retaned C. ba‘LZey‘L and c. tetragonum as separate E
' species while adnitting that they were not sharply dis:?ngmshame
*  'He-'states ﬂta[ C. tetragnnum is a coarsez\anrl more heavily corticated
= 3 o ~ " "




species than C. baileyi BRRY
’l‘h} that“acters used fur tha separat1on cf the two species:
cell diy:ensians, gross morphulngy and degree of cortication, are |
" TSETStro environmqatal influence (Harris, 1962) and have only
11’mite&vﬁ:aanumic value in the genus &’zllit}mm;:én,
Specimeni&yidentified as 'C. tetragomun e Trdbaileyi :olle’:ted

" in North'America and held in BM, TCD and WY have been examined;. they -

o .+ " show a complete intergradation.’ At one extreme the specimens resemble :

C. tetragonum as illustrated by, Rosenvinge (1923-1924), with short

- barzel-dnapedtcells gad branches with abruptly acuminaté tips. At the 5
- L . other extreme they are more delicat‘e,"‘ and the majority, identified as
. C. baileyi, are similar to C. .tetragommi var. Reustoitons as absesived '
L S by Rosenvinge (1923-1924). Some specimens ‘approach C. spiniferum as
o 4. illustrated by Kylin (1907). Thus there appears to be no justification

R for natntaining C. baileyi a5 a.sepatate species frou C. tatragonun. |
(-3 teiragbnwn has been recorded from the YR P— ' -~
(Feldmann-Mazoyer, 19A0), the Canary Tslands (Bérgesen, 1930) and )
- throughout Birgpe to Southern Somdtnayia feylin, 190%; Roseavivges
. 1923-1924). It has n‘ct been reported from the Faeroes or from Ieeland.,
In the vestern Atlautle 1t oceurs from New Jersey (Taylor, 1957)
nnrthwards to Canada (as C. baileyi, Cardinal, 1968; ‘South and Cardinal,
. -1970) and has recently been, reported from Newfoundlend (south and

Hooper, 1972). '

Plants with tetrasporangia; spermatangia, procarps and

" carpospgrophytes are Tecorded. The gametophytes have begn reported to .

be monoecious (Farlow, 1881; Halos, 1964).or as either monoecious’ or g .




dibecious (Taylor, 1957), ‘Tetrasporangia have frequently _bee{: reported
on’the ‘same plané with e'ithet‘\prccsrps, s}mma:ax;gia or hoth‘(:l(ylin,
1907; Davis, 1910} Rosenvinge, 1923-1924; Kraggs, 1969)

Mathias (1927; 1928) .has reported thromosome counts of n = 9-10
and 2n = 18-20 for C. tetragomum. (as C. brachiatum), but this vas
ericicised by Westbrook (1930, 1935).  More recently Harris (1962) has .
clainéd n T 23—33.‘ T X B . ' -

""" Thete are no reported culture studies of C. tetragomum,
. C. tetragomum has bgen found at three sites in Newfou;dlandi

It occurs from low-water mark to depths of ca. 10 metres, Plants grow

BOI’AI"IE Bay (St. 171), Grand le Pierre (St. 101) and St. Bernard (St.

plants as spermatangia ‘and procarps.

$ Aims of the Study

F 'S '
The principal aims of-the study of C. tetragonum were to:

(1) observe its reproductive periodicity in NewfoundYand. /
(i1) obtain its life history in culture'and elucidaté the Factors -

cting the formation of reproductive organs.

. - .
(141) dbtain cytological confirmation of the life history.
- : - toe . -
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J v 0 . | Observations and Results | - .

" Reproductive Periodicity A

¢ ye .
In Newfoundland C. tetragonum is only fertile in the:latter

half of:the year..At Grand le Pierre, fertile monoecious gametophytes,
: :e:gasparaphy:es.and carposporophytes were, found in e (st.

101.3) and ‘December (St. 101.4). All_plani:s vere sterile fh January

(St. 101,5) and remained so until July (St. 101.8) vhen tetrasporophytes . §
"and gamétophytes vere again fertile. A single plant found in March

(St. 104.21) at St. Bernard vas sterile. At Bonne Bay (St.171.6) a

single tet%asporaphyte was found in October; and several ster'i;e

plants were ‘collected in April (St. 171.7). ,

Oulture Studies "

Ciltures (ES 10:16-8:150) were established freyarposporgs
and tetraspores from plantg obtained at GrandT® Pierré (St. 101.3) in
vaember 1971. Germination (Figure 45a ) was;hm;eqiate and was ofi the .
Ceramiun-type -(Chemin, 1937)‘. After seven days at 10:16-8:150 two
cilture series, one from carpospores and one from tetraspores, werg

set up, and incubated under the Condit'}t?.i giv&n in Figure 46 .-
. . 5" b -

Samples were femoved from all cultures after 21 days, and the

Growth Rates.

number: of axial ®ells and the total number of cells per plant were

P -3 R

counted. No fixed number of pfants was examined, but there was a
minimm of ten in each sample. The medns of the counts togethef with'

standard deviations and standard ‘errors of the means, are presented

d
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: \ : FIGURE 45
CALLITHAMNION TETRAGONUM -
(@) Germination of a tetrasporé;Twith a simple axial filament (AF)
and a rhizoid (RZ). Scale =l 100y
(b) Apical reglon of a phyte with. a (1),
. © Scale = 500 um - 3 :
(c) Monoecious gametophyte with.a procarp (P) and speéma:angial
cluster (SC). Scale = 100
(d) Mature carposporophyte with seVeral developing gnnimulobes.
" Scale = 0 pm
) () m (1) a glal cluster off adjacent
cells of a branc)h Scale = 100- um
(£). Uninucleate apical and adjacént cells. -Cel\s oh_l
branches are initiated are also uninucleate.
acetocarmine. Scale = 10;um
*° (g) Multinucleate axial cells (Ax:C) in basal porti
% surrounded by corticating filaments (CF). + Staiyed with
acetocarnine, Scale = 100 m g,
i
(h) Mepaphase plates (M) of four synchronously djvidjng nuclei in
a tetranuckeate axial cell. . Stained with acgtocgrmine.
stale = 10 ym .
(1) Binucleate cell in a lateral branch producing a\fdrther
© branch (Y). The nuclei, in metaphase (MP) are dividing
synchronously and ‘the daughter nucleus from nucleus 1 will
become the nucleus of the mew cell. Stained with acetocarmine.
~ Scale = 10 im : :

.







’ .23
S
i . FIGURE 46
¥ * GROWTH RATES OF CALLITHAMNION TETRAGONUM
5 IN CULTURE
S
. Growth rates at several culture conditions measured as the
e - _ mean number of cells produced per plant and the mean number of axial -

" cells produced per plant of: (a) gametophytes; derived from :
tetraspores after 21 days and 137 days of culture.. (b) tetrasporophytes,
derived from' carpospores after 21 days of culture.
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in Figure 4.

In I’.he tetraspure cultures, growth rate was greafest at high

temperatures, and daylength and light intensity have 11:}1{5 ack at
any one temperature. No not;cealzle growth occurred at 2:8-16 at any
_light intensity, and the cultures were again sampled at 137 days. The
sporelings had g}m, and v;ete of similar size at the three Iight
intensities. The cultures derived from carpospores do mot -show any

significant differences in growth rate compared to thoss Erom terraspores.

Life History in Culture.
. The cultures used to assess the growth rate were continued

until the sporel®ags produced reproductive organs.. Cultures derived

from duced, (Figure 45b) and those
fron ¢ tes (Figure 45¢)."
The incubatiéon periods required for the fornation of Y

reproductive organs under the different culture conditinns are
presented in T;Ie 20. Undéf all conditions formation, of spermatangta,
tetrasporangla and procarps required similar Yeriods of culture,
although” spermatangla. were frequently’ the first formed. Light

intensity had little effect on the induction period, which was shortest

at the higher temperatures. At 10° cultures under short daylength

ook slightly lorger to become fertile than those under equivalent
conditions at’ long daylengths. Under long day conditions the fonz:ation
‘period at 5°C was more \:’han three times thgt requlr;d at 10°C. Cultures
at 2°C and 5°C under short daylengths were continued for 137 days and
Hls teproductive organe were producid, though plaits excesded the'size



INDUCTION OF

VE ORGANS OF CALLITHAMNIC

; TABLE 20 }\

DERLVED FROM TETRASPORES AND CARPOSPORES

IN CULTURES

Culture- conditions

ES medium %

Carpospore cultures

TN
Tetraspore cultures

Days to first formation of
Tetrasporangia 5

Days to first formation of

Spermatarigia ¢

Procarps

2:8-16:1200
Mmoo 500
e " o1s50

5:8-16:1200
2 00

“No induction

No fnduction
"

¥

No induction
"

"ow isp . " M Joow P
5:16-8:1200 71 S 7 76
"om500 76 7 76
R L[ TR 76 76 == 84 "
10:8-16: 500 31 25 31
% B 150 . .+ 31 25 31
25 21 25
-+ 21 2 25
25 . 21 25
15:16-8:1200 21 : 2 21
"o 500 21 . 9 21 g c21
now Isp 21 21 21
$ FE T
> s . =

8€T "



at which they became fertile at higher temperatures.

Te\a 1in culture to produce

monoecious gametophytes. Fertilizationd occurred in culture,

carposporophytes were formed (Figure 45d) and the carpospores

= ;
germinated to produce sporelings which bore tetragporangia. Single
gametophytes vere isolated into separate cultures (10:16-8:500) before

they became fertile, l.||d a and

urpuspmﬂytea were observed four days after the furmutinn of the
procarps, ahd they matured and released carpospores after a further

eight days. "

. ’
iy

" o~ :
2 Ter_nnyor:phyte cultures at 10:16-8:1200 and 10:16-8:500 were

allowed to continue growth after the formation of tetrasporangia.

At forty-four days a number of plants -had produced spertfatangia and

procarps in addifion to tetrasporangia (Figure 45e), an

a single

was also The plant bearing thy developing

was to a culture (ES IQ:16-8:500),
‘but bleached out and died before the carpospores matured.

plants bearing pi and a ve

4n sepdrate culfures. .They continued growth and production of all

three types of reproductive organs, but no fertilizations were achieved.
\ 0 k

The and monoecious game tes which,
vere allowed to remain in culture with the pnxenr. plant. _Numerous
carposporophytes develwped on the gmr.uphycn, but none were obnerved

on the parent plant.

?he'ufe history of (. tetragonum ifi culture is of the

Polysiphonia-type, but with the modification of monocecious gametophytes.

Al




. and position is presented in Table - 21 .

. 240

The tetrasporophyt ¢ flso capable of producing spermatangia and

procarps, and from thy rence of a single.carposporophyte these

appear functional. [he ultimage fate of the carpospores produced by «
this cafposporophyte 1% unknown.
Cytological Studies

All cytological examinations were carried out on materigd

from cujfure. Numerous instances of dividing nuclei were “obgerved, .,

byt no preparations of sufficient quality to allow chromosome counting
\ il . p: -

were -obtained.. No nuclear divisions were seen in tetrasporangia.

Interphase nuclel in vegetative cells are,of constant size

throughout the plant, and.uea7(re 67 yn in diameter: The cells at.

the dpex of the plant are unfnucleate (Figure 45£), but become

ultinucleate in the more mature regions (Figure 45g).
The number oRuuclei fowd in the main axial cells of a

tetrdsporophyte cultured in ES 10:16-8:1200 {n relation to cell sl_u

Synchronous nuclear dws.xon

occuts in the multinucleate “axial cells (Figure 45h) resulting in

nuclear mumber increasing in a geometric serfes. Up to the 8 nucleus

stagweviauuns occur, at the 16 nucleus stage and beyond fewer

nuclei- are found than would be theoretically predicted. Failure of a

few nuclei to divide ;yncnmmus),'y would aécount for such discrepancies.
Cells with more than 64 nuclei were observed, but these were obscured
by corticating rhizofds (Figure 45g) and precise counts were impossible.

" . -
Lateral branch development on the main axis does not interfere
with the

Sich branches are initiated in the




RELATIONSHIP BETWEEN NMER OF NUCLEI, ’u%kczu. *

TABLE 21

SIZE AND .POSITID‘N N
CALLITHAMNION TETRAGONUM

Axial Cell Position
in relation to .
apical cell

Cell Dimensions
length x
?; diameter m

Number of Nuclei|
in the cell . -

‘Apical cell

10

11

12

313 -
14

15

16

17

T 18

15 %128
0% 125

% 2% 18

“i0'x 225

30 x 30

4 © 305 x35

.+ 40 x 40
305 x 42,5
50 x 50
75 x 62.5
87.5 x 62.5
112 x 67
125 x 70

A 163 x75 ¢

T 163 x 75
2 187 x 80

225 ¥ 87

250 x 87
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. " PLUMRIA ELEGANS’ (BONNEM.)SCHMITZ

v N
& . . . Introduction

(Jdnsson, 1901), but is apparently absent from Greenland.

The vegetative anatomy of the species ig thoroughly described
(Ndgeli, 1847; Cramer, 1864; Rosenvinge, 1923—1924), and details of the
- structure and developmentof the. teproditttve organs and.thie carposporo~ ,
phyte are givef by Suneson (1938) and Drew (1939). . .
. P elzga(ne possesses, in addition t a haploid gametophyte
o o= 31) genetacinn and a diploid tstrasparaphyte (2n = 62) generation,
T a triploid phidse (3n = 93) (Drew,1939). This is genetically isolatéd
£ o Feen the haplold and @iplotd generations. and réproduces by p‘laraspo'res.
@ = " Rueness (1968 has shown in culture t\::at paraspores prodié¢ paraspore-
- bearing plants, confirming the ufe hiatory suggested by !7 ew ( 1939)

B ‘ on' the ‘basis of fie1d and cytological studies. Drew(1939) r?nd Rueness(lQGB)

have discussed zhe European distribtuion of P. elegans in’ relatwn to its

. repryc:ive structures. At its northern localities only parasporophytes
: Ep

ed and at the gouthern limits Dnly haploid and aiploid plants
occur. In midrange a11 three generations ‘are presen y Wl ich led
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Drew (1939). to speculate that the triploid genératidn is an adaptation
to life in cold wateis. * The situation is complicated by the reported
occurrence of tetrasporangia and parasporangia on the same plants

(Rosenvinge, 1923-1924; Drew, 1939).- Drew (1939) showed' that,the - o

tetrasporangia’ occur on the triploid generation, but did not find .

parasporangia on the diploid tetr hytes.  She has

thdt tetrasporangia 'ﬂn‘ the triploid plapts signify an atcemp_:ed
.‘ mefnsis, but there is no cytological evillepce ‘and their function is’
unknown,

. . .
Lap " There is no detailed account of the distribution of the three ¥

generations in North America. Taylor (1957) reports the occurrénce

of tes, es and tes, but all the .
fertile eastern CErial examined in this study vas <%
parasporangial. g

yaraspo:’a}{gia occur throughout the year in southern Scotland
(Blackler, iv956), but are absent in the spring in-Banish waters
(Rosenvinge, 1923-1924). "Moré northerly records of parasporangia, 5
sometines erroneously reported as eystocarps (Rueness, 1968), are

mainly for the summer months (Foslie, '1890; Jénsson, 1901;/Bérgesen;

1902; Jaasund, 1965).

P. elegans has been found at nine sites in Newfoundland
(st. 94, st. 100, St. 101, St. 103, St. 104, St. 105, Se. 106, St. 107,
St. 1713, where 4t ‘oscirs from the Louer ditteral to depthis of ca. T
metres. It is edindeially ‘abundant on vertical rock faces.in the & .
irmediate sublittoral. Detailed studies were/made at st. Bérnard

(St: 104) where it -occirs in the lower littoral and immediate
¥ \ RN -




_seen.

Adms of the Study

ains of this study were: . . :

246

sublittoral ‘on rock faces averhung with Ascophyllun nodosum. ALl -

. fertile plants bore parasporangia, but tetr: (lere 1

There are no experimental studies of P. elegans from its

studies are reported from North American material. The principal

(1) to assesls the phenology at St. Bernurd. .
(1) - to.establish o 1ife history in culture of paﬂasporangial
plants and to confim the work of Rueness (1968) .
T) eo cytnlogically examine mal:erial from'f1e1d and culture,
© and confirm the existencg of a triploid generation in North
America. = B w
(%) to establish the role of tetraspotangtadn the Life history.
I D A e & /\
Observations and Results
Phenology . .

spordigla are found throughout the year. The dumbuuan a

elegans is a perennial alga at St. Bernard add para-

northernmpst localities in Europe, and no life history or cytological

deg:za 3

of development of the parasporangia does, houever, show- considerable

aeasonal variation and cheue data are pres:nted in Table 22 .

In September 1970 (St. 104.4)- all plants bore matura para-

sporangia consisting of up to 15 spores: The paraspdrangia were
§ 5 . e

foug throughout the plant, this situation persisted until December’
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M

" (St. 104.8). ‘In the early dontHs of 1971 (St. 104.9 - .12) para-
s " sperdhgluiin waryins Heprsasiof developuent vere observed on the. ]
‘lxwetrpozti;'ms_pvf the plants, but were absent “in the apical regions. ’
The-sterile apices’continued growth throughout the first half of the
year, but no parasporangia were produced. The parasporangia on the

bdsal regions. remain quiescent until April (St. 104.12), when a

“number- of spores, were abserved to have germinated in situ (Figure 47a).

In June (St. 104.13) all the paraspores showed in situ.germination,
but a nuiber of undivided parasporangial initials were alsd present.
The in situ germination pradu{:es an irregular branching pattern,

" piving the lover regions of etie planE: & AUBELAGELVE sppeaTance

(Figure 47b). - In July (Si. 104.14) mature parasporangla were found

o thie bisal regions of the plants, p%esumably developing from

b ‘formed initials seen thruughouc the' earlier part of the year.
'Deve1op1ng parasporangia were also found fn the apical regions
(Figure 47c), though few of these appeared mature. Tn August
© © (St..104.15) mature parasporangia were abundant on all parf;s‘ of the
plants and the irregular hm’gch;g pattern in ‘the basal region was .
abscured by the subsequent vegetative growth. In the latter part of
the study, from Septghfber 1971 to March 1972 (St. 104:16 - .21) the
sequence of events was identi?al to EHaE Faporied For e pyevious
‘year. N & : ‘
¥ Several plants v-fere foand bearing tetrasporangiﬂ in Saptemher
" (st. 104.16) and October (st. 104.17).

Sublittoral populations vere preséit throughout Lhe ,year “dod

were most abundant in the latter part of summer. _The majority»of




* Stained with acet

i s © FrowmE 47
D e e % PLUMARIQ E'LEGA}IS

i

In situ gzrmination of pnraspores (GP) wir.hin the paraapozangim.
AScale = 100 um i

*Bran, {h ui:h new gmwch (NG) at apex {ncking paraspores and region
basall to this with paraspores germinar.ing ‘in situ (1GI <
_Scale = 500 pm . { . g

(PC) in apical 1

‘Parasporangial 1Fcr_uls (PT) and ‘developing parasporangial clusters
0!

ion of a plant. %cale = 100 ym

Parasporangial

luster (PC) wi:h binucleAte cells' (BC).. Stained
with acetocarmir t

Tetrasporangtum uclel (N) [showing incompleté cytokineaia.
. Scale ={50 um f

. “

Tetrasporangium with a’single nucleus (N) and complete’ tetrahedral
cytokifesis. Stained with acetocarmine. Scale * 50 um ;

Mitotic sprophase nucleus (m) in al/ /apical cell. Scale = 10 Um
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infertidal plants, however, disappeared in the winter months and were

A <
?bserved to be bleached in February and March .of both 1970 and 1971. *

Culture” Studies
Culturss, derived from discharged pataspores and vegetative
fragmen:s'of sterile plants, were ‘used to determine growth rates and-

the factors affecfing the formation of reproductive organs.

= % 5 Tea T

Growth Rates: ., T .
Cultures were established from paraspores released from plants

collected at St. Bernard (St. 104.16) in September 1971, Apical
I T g freg of
_ adhering contininants. [The fragments:wereiplaced in culture (RS"
10:16-8:150) for seven days, paraspores were released and the majority
. germinated. ' Coverslips bearing.paraspores were élace in ;eparsle
cultures and incubated under the conditions given in Lgute 48

\The cultures were sampled after 6 and 7 days growth and those at 2°C

were sampled again at 151 days. 'No.fixed numberof plants were P

. counted; S  of axial cell numbers and total ni}mbe: of cells in
Tach plant, together with standard deviations and standard errors of :
'\the mean are presented in Figuze 48 .

- The growth rate is greatest at high :;mper'acures. Lig};t
in‘tensit‘)'l at 2°C and 5°C has little effect on growth rate, at.10°C" -
axtal cell counts are stmilar ‘at all infetsities, but the total number
of cells is reduced under lov illumination. At 15°C" the numbers of
axial cells is gteatest at high 1ntensicies. The growth rates appear

little affected by daylength at 10°C when compensation is made for
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* FIGURE 48

GROWTH RATES OF PLUMARIA ELEGANS
& ) IN YULTURE K
N §

: > e

= ¥ Growth rates at several culture conditions measured
ds.the mean number bf cells produced per plant and the mean number of
axial cells produced per plant of, spprelings produced from paraspores
atter (a):6 days, (b) 17 days, (cJ.ISL days of cultufe: ]

T ' :
standard errox (xZ) mean number of cells per plant
standard deyiation (x2) 5

e

. s Ta [ standard eiror (x2)

mean nymber of primary - standard deviation (xZ B
axial cells pexr plant = 5 :

: (
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“the rea\}:npn' 1 otsl 1lluninance.

“‘are also presented. .

" No parasporangia were formed, though fragments continued vegetative

Life 'Hisl:ox;y in Cul:ure.

- Hhe caliuras wsel o the Hiarglidtion 52 gzoth rates were
continued for 151 days or until :he' Sisiatiigy ecatie ertile. They
were examined it spptorimately weekly intervals and the culture
period required for the’ formation’ of parasporangia is given in- Table
23 . '
only plants ufder long daylengths at 10°C and 15°C became.
fercile. Sporelings after 151 days in culture at 2°C and 5°C did not
teach the size st which they became fertile at 10°C and 15°C. At
gu C under short daylengths the plants vere apparently large el:wugl'; ,
So piiotics parasporansis; fur Theserveresmor:dhnarvel: .

sterile apices consisting of approxinately. 40 axial cells
were excised fram plants collected at St. Bernard in June 1971 (St.
104.13). They were rinsed fn fediun (ES) and cultured under the

condi tions given in Table 24 wherf the ndesults of these cultures/

Parasporangia vere Eirst formed-at 15°C, but were also
produced at 10°C under long' and short daylengths. Light intensity

and daylength have no significgnt effect on the time required for’ i

their. formation. Cultures at 2°C and 5°C were maintained for 113 days.

growth.
& Thudygdn culture pazaspm‘es from Plunaria eleganz obtained from
St. Bernard give rise to paraspotangl)um bearing plants. The formation

of parasporangia is apparently temperature dependent.
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Tt 'T_AaLé 23 ., s . "
FORMATION OF, PARASPORANGIA IN CULTURE; ON PLANTS OBTAINED &
FROM PARASPORES OF FLUMARIA ELEGANS g
Culture conditions Culture period required from
ES medium : germination to formatioh of
; parasporangla = |
. * - .
*7 2:8516:1200 WNo formation at.151 days
500 L . 3
non 150 " " Fl
5736-8:1200 o » s
" s " )
T Py
10:8-16:1200 " e
wom sgg " 8 . A
10:16-8:1200 101 days T
0w, G w L
Wom 150 " 500 ¥
15:16-8:1200 gdays ol
wonse ¢
5 'S




FORMATION OF PARA5PORANGIA IN CI}L\TURES OF ST‘ERILE
e | APICES OF PLUMARIA ELEGANS

TABLE 24

Cultur&:conditions
ES medium

Bulture period required fqr the
formation of’parasporangia

No induction at 113 days N
won 500 : - " =
& R % g : ,. -
5:8-16:1200 ¥ " B
’ 3 -1
"o 500 % [ 5
S oo W
: 150 .
5:16-8:1200 - i N U
LI
wn s00 "
r e = -
o s T ,
. ] ' -
10:8-16:1200. 44 days L
i "o 500 - h " 1
o3 ) & - °
10%16-8:1200 42 days .
w500 38 days - N
wow 50 42 days, . - .
: AR
- 15:16-8:1200 “29days . -
« w'% s50 T .
. PRk O a
: .
- . .y e a
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- A apical fragment bearing deveioping parasporangia was

transferted from 15:16-

500 to 2: 16-8:500" and cultured for 28 days.

rhe paraspores germinated in situ), but none were released Fragmenes
maintained at 15:16-8:500 cuntinue‘s maturation and htesa of "t

paraspores. . - s 2 !

Cytological Studies * - ; : .
o oS o ofpe Yy
¢ Twitotic divisjons were gbserved in apical cells, corticating
cells and in‘developing parasporangia, and showed no deviations from '
the normal pattern of division. In some instances of paraspore
*forma:ion‘cy;ukinesis lags behind karyokinesis, and results in the -

fermabion of a number of multinucleate cells within thz psrssyorangial

cllsters (Figure gy .

A number D‘f tetraspotangia were also examlned but nn djvu‘ling

nuclei” uere seen. .The mature :e:rasparangia hadr\mdergone cytokinesis,

£" but in many instances (F)gure 47e) :his was ¢ 1ncomglete One

tetrasporangium was divided into fout spores,rbut orly ofe of these

contained a nucleud (Figure 47f). Tn another (F)gure 47e ), 'two _

:nucLel were formed in an incomplétely divided cell. In'ro irlstances

. Chromosome counts were made frcm mitetlc divisions in la:e

prophase (Fig\M ,cm:s ranglng betweer) 84 and 97 were

Ohtﬂ,ined, with the maxim'um nudber betyeen 90 and 93' these are

prgsented m Figite 49 . These cuunts are in- agreemenr_ with those’

given by prev (1939) tor :riploid paraspJ'angia1 plants from Fumpe.




S I . = nu:ubuum ‘of nhzonnm counts obtained from u:o:u
g, g 1 praph.lu of P. elegans from both vegetative cell dl.v!.ll.m and- from
N puupomgenaus. . % R
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" the. previously accepted concept of Antithamnion are the products‘ of

@ .
¥ S . DISCUSSTON

7 5 e Taxonomy
- - % - &

: 2 A
Hollaston (1968) has redefined the circunscription of the
genus Ant’Ltha}m*mn on’ the basis of exam).nation of large collections pl
" of hitherto unknom oF HiideceddseEibed southern Australian- species ‘of

t‘his and related genera. She has shown that many of the spec1e5 in

ddstinet and segm’ate evolutionary lines. Wollaston {1968) dlstin— " E
guishes the genus Antmhwmon in its possession of the following

P
charactets. % - -
(1) ALl axes prostrate and inde:grminate on’casianally free and

. o " distinct only at the tips o he brandiess 4 . »
(i1) -"Axes completely -lacking ;hizn:;idqr cortication. . L. -
(iii), Whorl branchlets of similar morphology and arranged ‘in 4 5 %

. . . K f

. L

opposite pairs, either distichous or decussate; eych whorl

branchlet las a small basal cell which does not bear pinnules.

(1v)" Clénd cells borne on special short' two to four celled branches.

) Te:rasporangia cruciately divided, usually ovoid when mature.

s () Carpognnial beandEs bare smgly\am basal cells of the

whorl ‘branchlets at the ‘branch apiues,_althcugh a‘nunbér of L

(4-20), procarps may devélop on each axis only a single
0 7 v B gm ;
carposporophyte matures. , Bow .

3 Wollaston (1971) has subsequently established'the genis.

+ Seagelia with its type species AntTthgmion oceidentale Kylin:
i L ) ’ 3

: Tl}e‘ \\

3 -




ccnspe:xfin with Antq.thamnwn serographtdzs€Schiffner (Sun7éne, 1964a),

T s
diagnostic fdatures of the genus are:

@) ))n erect’axis, with a pronounced curvature in the immediate

apical region.

i¢ii) Two to four whorl branchlets, ot:en of unequal length on each

'axlal cell. i
(iii)* Gland cells borne on single r‘ell‘s of unmodified whorl branch-

"lets and ‘pinnules. te

. 5 %y
(iv) Carpogonial branthes ate’borge on the basal cells of the

whorl branchléts. -

- (v) 'The fercue axis and l:he whorl branchlet bearing I:he

pogonial brancH o EIAa HpFAY GERH/AECar fertilizatinn.

R . N Doz, i - Forn A and Form B, which
vere formerly referred'to Antithamnion do not @ores with Vollaston's:
concept of this genus, but ‘closed fit her description of Seagelia.
(The first -availdble specific epitet is .pyZaz‘.sazi based on
Callithamrion pylaisaci (Mohtagne, 1837), the combination 'seagelia
Pylpioasi (Mont.) nov. cdubi has therefors ircer propased:

It is apparent from the’ descnpuon of Anmbhamnwnellu

flocaosa that it also,could nc: be retained within the genus

Antithannion Ndg. as delimited by Wﬂllaston (19'65

4

11y dtvided ¥ zia. Feld

(Lyle) G I‘eldmanrh a. sarm.ens@ s subsequently been shown)/to be 7




st Ty and this epi:hec'}%p{mu‘ty. g ) " .,
- Wollaston (1968) has examined Amithm?nian'spimgmphidis“
showing chat it 1o incorrectly Placed in Antithamion Wig. and has
“ihis trensfarvad 1€ to Antithanionalle Lyle as fntithamionella
spirographidis (Schiffner) Wnll::-ls(om Wollaston' (1968) distinguishes
ER s % . A ; o

Antitha 1la from Antithamion in that. y -

(1) it has_erect lateral branches with a prostrate axis.

[ R
(11) 1lateral branches atre produced in place of.whorl branchlets.

2 oo ' € : . - R 2
4 e “(410)% There 1s inconsistency i the nufbers of branchlets pgr whorl .

and in the of the whorl branchlets.

- (iv) - gland cells are séssile on single cei}sgof the whorl”

branchlets. oo, e

(v) _the te:réspuraagia nay be either FetLaHTERIT R erictately

roe

Mvided. * %o , u, i

= TG spemazangiaf branches boar syermatanglal mother cells. laterally

‘rather than terminally. . .
. . «vif) " only 1-3 procarps are formed at any one branch apex each being
- . borne on a’reduced whorl branchlet of two cells.

s, . 7 The reproductive f'mu:es (v-vii) exactly fit ‘the description

fZaccosa, but the vegetati\(e structure differs u: dttalls.

flacnasa lacks glam\ cells and in, natare po:ﬁ’ons of the thallus . 3,
 regularly bears® two' simple whorl bxanchlets on each axial cell. o . , .
. & " Wollaston @971) erans ferred a.further two sped‘les.uf

Antzﬂwman, 4. glonduliferun Rylin and A, paclftcum larv.). kylin”

sl e Antithammionetia. Th).s has Broadened. the cencept ‘of the genus, as

; f . A. pacificd and 4. gl\amiuhfem regula:ly bear tyo whorl branchilets

> i . k ! 4 . T : - \' .
L s o ' ) : o
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)
’ »: c N
. per axial cell and show a reduced prostrate axial system. In addition
4. paoifiga almost: totally, ldcks gland cells. Thé reproductive
features remain as initially deseribed (h’qllastun, 1968), but the

+concept of the vegetative featyres of the gemus is sufficiently

broadened to accépt A. flocaoszz. " There is, however,-a nomenclatural

problem the genus >tharnion Nigeli as the combination

Pterothaimio fzccc&sm (0. F. Mill.) Nig. apparently has priority

aver the proposed comba.u ion. - ”
Pterothamnion -as fnitially described by ngeu (1855) included
in addition. to P. floccodk, B ‘plumita (E1lis) Nig: which s currensly

. recognised as Anb-x.thaﬂmwn plumla. Nigeli (1361)~~later added a number

of other species to Pterothamrion and erectéd a sub-genus -Haplocladium  *~

to-which P.’ floccosa was t¥ansferred while P. plimula vas retained

/(ren:t'ly under Pterothamnitn. Tt ismeviden: that P, plumila i

rather than P. floccosa should be Togarded ga:the e species of
Pterothamion. Ant-t,thanmum plumulk. has not been studiE\d‘- i de:ail
in this work, but it 15 evident from pr!viuus reports (Kylin, 1923;

‘Ei(zlla o B

Lyle. Thus Annthamnwnezm f‘zoceusa is the corre¥t cnmbinatiurl for,

L'Hardy-Halgs, 1968) that it \fnnnot be dncluded\witbin Antithamm:

W the ‘species revmus]y named Anm;wmm\fz(masum . oa

. N The Systematic position of ntithamiion plumla chviously .

that the spectes does

requirgs data1led study, as it "'§ é\lsu “eviden
not fall within the circumscription of the gends Antithammion as

¢ defined by Wollaston (1965)

R the seven spacies of Ahuthanman listed for easterr\ Ganata

(South and Caxdm;]., 1970) ‘only 4. cruciatum, the tipe speciés, is »
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& I retained with ‘confidence. A. plumula is :en:acivery re:éme;u but'its
R dceurrence in eastern Canada and its systematic position require
WS further study ‘The oadivenicalof A paeLf‘Lcum (ntithgmionella.

: pacifica) 1s rejected as'a mis—identlf)cation of 4. fznccnswn,uhigh-

~has.beentransferred to the genus Intithomrionella. Aniithamion,

NP N pylaipaet, A anovicanun and A. boveale ake combined as Scagelia

L pylaigaet.. 3 : s : . N .

The_four taxa, ‘dntitharmion:cruciatum, A. plumula,

e Antithamione}la floccosa and Seagelia pylaisast are’sssily .  ae
. distinguished by the fouuui,{.{;' key: . K
) Artificial key to the tg7a, forverly neluded in o
Chd Antmehamm.on, Gilldhrocumy: Idhenstermianela .
' (1)'.. Gland cells borne on specialised short pinndles and o.ver.lie
. 2or3 W1 et intithamion orciatun .
) (U cland cells etefer absent ot borne in single celis of whorl
‘ : L@
() Gland cells absent; all vhorl branchiefs simple .« o s
' e mntithamionstla ﬂaocasa

(2) Gland celly, present or'rarely absent, not” 411 whorl

: *branchlets simple . ©.. . . . . . .

- (3) Pinnules régularly secund on adaxial face qf whorl branchlets,

. . ¢ Anbithamion plumda *

(3) Pinnules irregularly 6r pinnately arranged tarely entirely -

g S TRV U8 LIV S S sDageua!}aisai
8 [ "% . vt 3 3 2 )

secund, or absent, t:et;a!iporangia sessile + «
L




. The two Forms.of S. pylaisaei; S. pylaisaei var.:boreale and

. 5 pylaisas var. pylaisaei are not readily sepafable without résuztiqg )
to culture technlques to disunguish between genptypic and ecotypic
_variation. o '>
" Vartattén-in thallus morphblogy vith resprct to distributional

and seasonal factﬂrs is one of tha majnt difficulties of algal taxonomy.

- The early phyculoglsls descrihed species from he:harlum material the

on t/he bagis of single.-specinfens and had no knowledge of the algae in

their nacuxal habitats’ (Dixon, 1970b) In a dition the ideas of Eixlty

e ef speclfic form were strongly exEbaadien and 14E s op uneil the - ¢

lar.ter half of the:nineteenth centuxy that the concepts of evol,uuon

and inherent varlatlon hecame ECCEptEd. The statement by Kjellman
|(a883).1s espectally relevant to this work: v wifi

. t am of the opinlon that the genus Annthanmwn is ayoung .

. genus whose species are in the'course of development, no s #
marked differentiation being as yes (sic):established and o
the transitiomal tnxms not having disappeared. SNl

ot

] signiﬂcant that this statement was nade b’y a phycologist

. - who had an intimate knowledge of the form variation, over a large part: .

" 'af their environmental ranges, of’ the specij he examined. . Tt vas

iflevitable therefore, that the earlier phycologxsts shoild regard siker

morphological variations as sufficent to constitute separar_e species.

. *  The subsequent lack of critical’study of type maferial, m@; of form,
and an overreliance on_previous descriptions, has 1,‘ed":o ext‘f;mely
confused taxonomic situations amongst many groups of algae. Such ‘a
situation existed -amongst the former taxa of, Annthamm.an for whln:h ‘

. . the combination Scagelia pylaLsaeL is proposed. ©
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The characters of cell size and branching pattern, formerly

used as :‘axnnom: criteria, are unreliable and do not, on the ‘basis of

experimental and Iong term field investigations, cnvnsl:i\:u[e acceptahle

/ delinftations within the prnposzd congept of 5. pylaisaei. ”Itvappearsl
4 from the variation shown i the s natertal, and from an
examination of the literature and type material that Aravedoss 2
siititidts Goubinad et 9. Pylaiseei merely denote a number of 111 . '
defined morphological £asa‘et A'AthgIe SesLEs, f

Reports of motphDgenetic studies of the form oP\the Rhodophyta

innature are scanty (Dixcn,‘lgﬁlb, 1966b, 1970b). The \ise of cell’

measy

ements in field and in culture to provide a morphogenetic Hasis:

for. the solation ‘of ta)(o_nomi‘c problems in the filanentous Rhodophyta, )
pears to be res:uc:éd to the, teoritiat Harris (1966:)‘ én.CaZZithamniml .

v visi soliche, noke wxrenaiveratuifonios Knaggs (63, 19665, 1966¢) oni

ﬁhodochor%on purpurgum (Lightf.) Rosenvinge‘ g7 % v

tated that ch external form of an a

* sy Dixon (1966b, 1970a) has

algal thallus is determxned by che dlspositlon of the axes, t!{e shape

23 of the axes and the longevity of the plam:. In” a un,laxial, unmena:e, .

5 uncorticated thallus such as that of Scagblm pylm.aaez— the dispasinnn

“ and shape of the axis is dépénéem ah‘a i ea‘su§ hoasurable factors.
% s e the rate of division-of the apltal cett. ' ) ' “.
\ @) the subsequent enlargemank of P cells. i
(i11) the degree to w‘nich the axial tells divide {aterally to préduce

whorl hranchlets. "

(iv) the Sesrae; toihich cherahor! branchTar wal

divide. ) e e S g
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E The age of the plant determines its overall size, but has
. little effect on its detailed anatomy. ’ ST

This study has attempted to explain the seasonal changes’ in

ke merphology by the use of cultures groph under defined physical I

- cqndit:ions; it is not intended to be an intensive study of morphogenesis

. R th the spécies.
The Fesilth oF ‘sulfuve of aplesl-Eraguents from plants of very

differen‘ morpho]g‘gies show seps!atlon into two distinct Forms (A and

B), which are easily diétinguished, in culture by the fofm “af'their

whor1® branchlets nna” the dimensians of the whorl branchlet cells. The.

[ |
»-Vmost striking differencc, however,. is thal’. in Form B all the brahchlets . %
i

- wera beorne in pairs, while I:hoﬁe of Form A occurred in whorls Df two

and ‘three. On the basis of whorl branchlet morphology the u.io Forms
arenserarable in the field, and -alchough the tendendy to form paired’

whorl branchlets on’ the axial cells of Form B fs quite marked in nature,
. it is mot a rlglf?distin:tion. , )
.+ Althoughbthé magnitude is different. the mumbérs of whorl

bram:hlecvs produced show the same sgasn‘nal patterns in.both Form A and

Forn B.' The graatest nusher’ ate present in spring when the water

;emperame is loy, and daylength and light intensdgy are increasing.

: Conversely, FaE G hranchlets are found in the, fall, the time of

highest seavater temperature s shartening daylengths\ The same |

phenamenon .is shown in cultute, Gatn e greatest nunber) of branchlzts
per axial ‘cell ptaduce,d under long daylengths at low’ temperatu!es.
’ “The rates nf grawc}x ofitoth Terusin euitarershow: the sames

« trendss they ate lawes: at low' temperatures” and ae shon: daylengths‘
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; "o teductiun in the rate of apicallcell divigen under short daylengchs -~

- also occurs in Antithamionella. floccosd, and has been reported.by
B o Dixon and Richardson (1970) for Galllthamnwn tetyicun @ilLe.) S.F.
Gray, and for Griffithsia pavlfzca Kylin (Haaland and Gletdnd, 1972). :
In contrast uo obviaus effects have been chserved 14 this study on o
CalLithamion rgseun, C. tétragonun and’ Plunaria elegans:
The fdctors which inttiate cell divisdon in the Rhodnphyta are . v, -
. unknown} but it has been showm, in the field, by eytologteal sEtily
(Austin agd Pringle, 1968),that cell division in Rhodomela lariz
_  (Turnet] C.Ag. ‘exhibits a diurnal rhythm. Such a thythm has been shown - e

by direct observation'in cultures of Grijfithsia pacifica-(Waaland and :

Cleland, 1972) and confirmed as an endogencus phenomenon unaffected by '{
o it 1ight condifion -

.In Griffithsia pacifica daylength has little effect on cell

elongation (Waaland and Cleland,. 1972) No direct ﬁneasurements have

* been made on the rate of a1l elongation 8. pylaisaet, hut these

«can 'bg inferred from the axial.cell measurenents and.the ratesof -

division of the apical cells. The axial cells in Ehe subaplcs] N

region are longest at high temperatures under sHort daylengchs and-
conversely aré shorter m: low temperatures undet hmg daylengths : - .
. * The rate of cell dlvision 1s reduced under short daylengths,

3 thus xﬁ othér £actors remain conataat, corresponding tells are older in

! ; gu B8
short daylength than'in long daylesgth plants.‘If the rate of cell
". v elongation isunaffected by photoperiod, as 15 G.pacificd, the g e 4 bR
c;_rrespund%ng cells'will be longer under short daylengths. The cells Sl 7Y
R ; . ; . o ¥
. "
0~ \ oy e b + - PN
3 "y [ o | ”
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under’ the’ Sane ‘ondiFions, ‘Suggesting that oie f the major differences
%

‘between the two' forms is the rate of cell a1ongacfz‘m. A .

are longest at high temperatures, indicating that although cell

division is greatest at these temperatures the rate of cell elongation

must also’be accelerated. ) "

As/with the rate of cell division lith intensity appears to
have the least effect on cell size, and a similar cbservation wvas made
for -Griffithsia pacifica (Waaland and Cleland 1972).

Under-all equwalenc cend1t10n§, culmred plants of Form B
. have 1nn5er cells in the immedidte apical regions ‘than plants ‘of Form

The ‘rate o apical cell division in both fords is, however, similar

The rate of apical cell division and the,elongation of the - .

" gertvative cells appear to exertt conaidereble Influence on Whor?
branchle‘q produc\:lon. The freatest number of whorl branchlets are

—— plants in which the axial cells remain short for the greatest

distance behind the apical cell. _Such a _orphology results frod répid 5

cell divisiowacl:ompanied by a reduced rate of eiungacmn, and in
culture occurs at low tempetacure and short: da)’lengths. Il: is
significant that. the naximun fuibers of whorl branchlets are fmmd in
nature in.spring, when seavater cenfpezacures are 1ow, but-bhen both

daylength and ma1 ﬂluminatinn are increasing. Conversely fewer

whntl b:anchlets are fouﬂd on:pldnts’ wh1ch ‘have long kells in’ the

immediate subapical regions. .Such plants‘ are formed by high ratesA4f

cell elongatidn in relation r.n the rate of nell division and.- 1n

_ culture, occur at the higher temperatures especially. unde’t short dny

_eonddeions. Tn nature such conditiens, and suchplant’ morphologles;

o
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Tare found in the fall vhen seavater temporature is high; “but daylength

and illu’mlnatiun are :EducadA Whox‘l brar\chlets are cut off the’ axial .

cells in’, sequence at.two to five c i1 1ntervals behlnd the apikal cell

\
and thus there appears to be a qrx:icul* axial cell ‘size above which ‘

lateral division does not take place. This has been confirméd by

r:ult,urz observations. Apical Fragnents ‘Of Porm A, bearing only ‘paired
whorl branchlets, cultuted um{ar canditicns ﬂromoting the forl!\ac-iun of

~ whorls of thrée or four branchle:s produce these only on the cells in
the 1mgedxa:e subapical ragiane‘ . i i

While it is proposed that the size’of the axial cell in the

immediate subapical regian determines the m\mbet nf whurl hramhle[s i

that it Will ultimately Beax’, it is possible that the converse is:

.. « true., Dixen (1971) has shown that the‘ foxma:lcn of la[eral indzter—=

w2 ‘minate branches in ’Griff'ithsia Floseutosa (Euis) Batt., Pt‘ilatav

_plunosa (Huds.) ¢ Ag, ‘and cémmwn rubrum ' (Ruds.) €. Ag.'reéards e

s nélungation of _the axial cell aq,which,they a{e bome., Indetermin‘a;te‘“, k.

hranches of .5, pﬂm 4éi do mot have this effect.. It is. possible,

however, zpa: a large number of whcrl hrénchleta A

., four instead of |
+ two, could retard the elungatiun of. the:\.r éuppurting cell. The initlal '
S . 'wuhoxl branchléts are fo!msd in the same sequence regardless Df field

or culture conditions, and wculd be expectad to show equal inhibitory

. .4 6ffects, bt these have ngt-been observed [Thus, e hypothests’ that

- axial well size rletermn!s the number uf whcrl branchlets appears ‘"

corréct. - " ¥ ol G e s

. The fama:ion and g:owth of lateral hrancﬁesqas been exanined |

in (‘azmhmmwn roseun xonrad-ﬂawkms, 195@3) and in Gmfftthsw




ol paﬂ-f‘bc:{ (Duffteld et al., 1972). Develnpment occurred in the same .
u mnnet, and showed' the same rate of cell divisicn as the main axis.
' No detailed measurements have been made, but visual ohsetvaticms

4 ® suggest this is also true for lateral 1ndeterminate brunches of 8, ﬂ‘?

s N spylaisaet. | : i ) o EUI
x - Dixon (19703) has stated that marked physiological differences
.. exist between branches of limited and \mhmn;ed grbwth, ‘:xt‘érmﬂ

" . factors would not, therefnte, be expected to affect 'such branches in.

the .same manner. The information on the production and growth of -

£y lateral of Callithammion roseuwn (Koprad-H ins, 1964b). and

Griffithoia pacifica (uumeld et az., 1972) 1s thus not compatable

N - * with that obtained xn ,this study for whorl brancmecs of S, pylawaez.
Whorl branchiets of . pylatsaet develop in sequence and the
first formed reaches its maximum size twenty, to thirty axial cells ' .
s © behind the apex, regardlassvaf ‘external conditions. The basal cells
"are not the largest cells in the'mature whorl branchlets, but show thé
same morphological trends as the largest cells. . .
* Whorl branchlet morphology shovs a seadonal change froma °

_prédoninancly pionate arrangenent in :he coldest months to an ffregular

. * . or secund form in’the, lal:e summer. A significant change 1f the

morphology of the whorl hranchlet cells accompanies P teducr_ion in
pimule nusber. ,The length of ‘the cells remains fairly constant, —l;ut P
there 1is a markcd reduction in dismeter, resulting in an incresse in.

P :h,e 1ength to diameter tatio. The change occurs in both Form A ang

* Fora 8] but is more pronounced in the latter.
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thie ansie conditions, and in both forms there 1é a reduction in pinnule
number with n:-mre.use in temperature. This reduction is Lsgaciauy‘
evident at low light intensities and under sttor L
correlates with £1a1d observariens. Whorl branchlet cell dinensions,
especially in Forn A, #b not show the range under different culturé
conditions, that'are’observed in the field. ' Form § does, however,
show a ‘significant reduction in cell diameter in pulture ag the. higher
temperatures. Whorl branchlet cell dimensions are of the same order
of magnitude in the field and in culture.
’ No direct measurements have been made on the races of cell.
division ahd .ell;\:}gzltion in the wh;:rl‘brapnhlets, and it is thus
impossible to explain how these affect pinnule and gland cell productiof. -
There is, however, 'a distinct, correlation between reduction in-the
nunber of pinnules and mn increase 'toi etiezvarts o8 the TeREN 5
diameter of the whorl branchlet cells; this“is shown in both Field and
cultore. Kt hee already been shown that whorl branchlet production and ~
the dimensions of the developing axial cells afe intimately linked, it
1s thus tempring to speculate that a simila Telationship, exists
between whorl-branchlet cell morphology and pinnule productioh.

Gland celis are apparently initiated in the same manner as
pirnules, i tHat thelr formstion s dependent on @ lateral division
of a wis’:rl branchlet or pinfule cell. Morphogenetically, gland cells
behal as pinnules, in ghat they replace them, and are never.borne on
a whorl branchlet cell together with two pixmules. Seasonal changes °
in environmental conditions do.not appear to cause significant changes

in the numbers of gland cells in'Form A, In Form B, hovever) their
3

<




* cells with high length to diameter\ratios. Both specieg occur at the '
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_ mumbers show considerable.re§uction, and they are absent in some plants
4n the latter part of the yé

‘s ‘It is sigilfican[ that)\of the taxa, now l:ol\!ldaled within the

. ‘gland cells are Antitharmion ameyi. and A. boreale f. baltica. In

southern linits of the range of S. pylaisaei, the former in Nort

Anerica and the. latter in Europe; uhere cummer sesvater témperhtnres

are highest. ' . v
In :ultu.ra, under ‘lowered sali.;ll:y, both Forms A and B produce

fw:r gland r_ells at the limits of their salinity :nlerance, and the

. ‘reduction 1is dore marked in Forn B than in Form A The iover salinity.

= ccmﬂmms also causea reduction in the growth rate, and hence also

. in”the mumbers of whorl bnm:hlets and plnnu].es. n .'mmn, in"Form
4B, fewer gland cells. are produced at sa.unuxes which do not. sig-
nifican_:ly affect :he growth rate: It is possible that the reduced
salinities in the Baltic Sea contribite to the lack of gl;;':ellu

reported (Reinke, 1889; Pankow, 1971) in 5. pylaicaei (as Aritithamnion

boreale). ) % & b

Examination of herbarium material of s. pyzawmn has shown

that tl;ev labelled Antith Z amnmcanm nnd A. Eylmuan

» have been pfinipaily sapaxated on:Eiie SlneasTons oF the whesl branchlet
cells, with no regard fvok the number of whorl hr/nnchlets borne on each’
it ity Wi adteriie vas aied by Harvéy (1853), as specimens®in
his herbariyn bearing whorl branchlets paired, i groups of  three

y % % 2 <

-
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on each-axial cell have been identified as Callithammion americanum

if the branchlets were made up of long narrow flexuous cells. Specimens

with stouter &ells and more regilar pinnate branchlets, are labelled
C. pylaisaei. One of the latter type, which I beljeve can be reldted

“to my Form B has been used for, 1llustration of L‘allzthamm:m pylaisaei

(Hatvey, 1853) \

The reliance on cell dimensions has been perpetuated in modern’
Floras (Zinova, 1955; Taylor, 1957) to distinguish between the alleged

"
species A. americanum and A. pylaisaei.

. In Europe mcrphelogies resembling Fnrm Py and Form B of this
study are treated as 4 single species, 4. bam;ale, ‘of which a numbe:
SECEREHONYG S jaad, VAETHEIES Hava, beun desertted (Kjellman, 1833_;
Retnke, 1889). Tvo major subspecific taxa are currently recognised,

4 boveale var. boreale (var. typiea) and 4. boreale var. corallina.
The Latter is distinguished by bearing branchlets in'whorls of three ~
and by its stouter cells giving it a ccmpa;:t tufted appearance
(Kfellnan, 1893). The two varieties 4. boreale var. coralling and
4. bortale var. boreale are respectively conparable with Form A and
Forn B described in’ this woik. 1

In Floras which ha\'e included the three species A. boreale

_has been sepamted -on' the predominantly G of the pinnules
on the whorl branchlets (Zinova, 1955; TayTor, 1957), but this is a
highly ;"a'(ii;ble character of little t'axonnmit’consequem:e. The
separation of A. boreale from A plumila by Pankow (1971) on :he"‘b'as}s
-of the former lacking gland cells is also etrr;neol!s. '

Sundene '(1962) has shown that two morphologically dissimilar
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s:rams of A. boreule iecalned their di.s:lngulshh\; features in culture

under 1dentieal conditions and, werethus genetically dxst;ncc. The
{1lustrations of the material .from cnltute of !hese strains, hlentlfied,
by Sundene (1962) as 4. boreale var. corallina sad 4. i:amze var.
boneate (var. typica) show close similarities wx_éhmul:m—ed material

of Form A wid BB respectively. The differing iltase condftions © 1

do not hovever permit direct comparison.’ i

‘ﬁ* The naming of the two forms of 5. pylaisaei presents co ble

problems. They are morphologically distinguishable in culture and on

the basis of limited hybridization experiments intersterile, but the '

Fleld material is not readily/istinguishable and to give the two forms -
speciFic status would.creat{ cbnfusion.® T propose therefore to é{ea[‘
these as a single species {_ fve varistal status to_the two forms. -
.The lack of interbreeding of the two 'vari:jas is the most
serious objection to this treatment. ‘There is, hofever, a v;ecedznt.
in the genus Antithamion: two morphologically distinct strains of

4. plumila vere cultured by Sunlene (1959), both had a Polyeiphonia-
type of life history, but were intersterile. Sundene (1959) retained
both scraxj a8 a single ‘species, 4. plumila. No subsequent searation

A

has been mide at.the specific lével, even though the rangé of morphology

of 4. plumula has subsequently been examined in detail, and ‘tumerdus

forms and varieties.described (L'Hardy-Halos, 1968) s tr
The present. proposal has = nusber of advantages. The two

varieties descl’ibld i this wark have been delimifed on the basis of

o eultiirh of Justed: ma:e:ui from a restricted geugrap}ﬂc area. It



eatities occur, ‘which' could’ alsq be. accommodated as vsrieties. Tt

also allows the reten'ion nf reproductlvely distinct va:ie:ies e.g. -+

Antzthaﬂmwn boreale var.. bachense (Sundene, 1962) as S pylawam

var, dx'oebachense (Sundene). faov. conb. * by A 3wt

Examination ‘of 1socype material of Callithamion pylawaez held ~ -

in TCD revealed that it hure a considetn‘ble number of its branchlets
in whﬂrls ef three and thls confirms the observations of Kutzing (1861)

on similar materiai.’ Form A isthus legitimately teferred to

Seagelia pylaisaet. The‘ irst ayauabxe varietal: name is Var. bomzlg :
Gobi (1878), his and Kjellnan's (nm) subsequent description agree’
with material described here as Forn B. Sundene's (1962) concept of
var. boreale (var. typica) d1so shops close agreement with my Form B.
It is thus proposed that Form B be named Scagelia pylaisaet var. )
“boreale (Gobi) mov. comb.. The erection of a vatiety au{ﬂ;}iatically T

canfers'v‘aua;n status on’ the ﬁsren[ species ‘which is thus Scagelia

pyhnmm var. pylaisaei (tont.) ncv comb.
Wollaston (1971) has given a” thorough descriptio“ of the
vegetative and repr £ hology of g le based on an °

i Sat6h of the type’ materisl as well ‘as extensive collections on .
the Pacific coast of North Americabatusen California and southers
British Columbia. The reproduitive structures, with the st o
atnor ahd probably insignificant differences in the degree of branching
of the ‘Spermatanglal clusters, are identical with® those described for

5, pylaisaei in this work. Differences in vegetative morphology ‘are
of degree; S. pylaisaei usually beats br,ancmec;"'m.}mons of two and
three, 5. oceidentale bears them predominafitly in whorls of three s




Yo . four. It also appears tq possess greater numbers of gland cells and °
often a single cell produces two, a situation not observed in S:
=" pylaisaei. Further studies should be undertaken.to establish the

4 . 4 Bz

““relationship between S. pylaisaei and 5. gecidentale.™ These should

include a defailed study of ‘the seasonal and géagraphin changes in
2 B
- - morphology of §. occidentalé, its culture under a variety of conditions, |
B and attempts -at hybridization between the two species. ‘Such studies

- 5 may reveal that’$. occidentale should be regarded as a variety-of .
* ' B T *

S E pyzjgaei; however, for the present they should be retained as . .

separte species.

i Reco:ds of funéax parasitisn in Antithamion and related gemera
re Linited! Olpidium plumilae (Cohn) Fischer, recorded fron
Antithamion plumula (Cohn, 18655, and suhsequently from A. cmamtm o .
-and Scagelia pylaisaei (as A. pylaisaei, Farlow, 1881), is now regarded
as a misinterpretation of gland ceils (Feldmann and Feldmann, 1955),

I . and e axcmded fron Olpidium (Sparrow, 1960; Johnson and, Sparrow,

1961) Spsrrow (1969) has reparted an infection of /lnt‘Lthazvm‘mn -

iotin Kylin by a species of Olpidigpsis which he ?%ated might be

erable to O. feldmannii. Aleem. L'Hardy-—Halos (197p) has recorded

P

lobata ing dntithamionell i ," phidis (as
3 Antnhaﬂmwn sarmense) . 8 g . v
) Specific I Ulp't.dwpsta infecting marine algae is
based primarily on the jdentity of the host, sporangium shape and the.

number of discharge tubes (Sparrow, 19603 Johnson and. Sparrow, 1961).




Four spectes of Olpidicpais have been described fron marine'algae. o .
“Johnson and Sparrow (1961) ‘Lise threer. 0. audreii (Lagerheim) Sparrov, e

. magnusii Feldmann und Feldmann, and O. fela}mznm‘b. All may.occur
as parasites on members of the Rhodophyta. Feldmann and Feldmann
(1967) tentatively zeferred a f§nga1 parasite of Rzznhc'r,lwng reptans

7 (Kylin) Papentiss to the genus, as 0.7 d:mgeanhi Feldmann and Feldmann.

§ * The diagnostic features of these Bpel:ies are presente%ﬂ Table 28,
' . 0. antithamionis most closely resenbles 0. féidmannii or

9 magrma'l.’b The more frequently reporced 0. feldiannii is confined

in its hosts to members of the Bmmemaisonear:eae (Rhodophyta) ,

infecttng the Traillislla-phase of Bomnemaisonia hamifera md the'

- Falkembergia-phase of Asparagop 's armata Harv. (Aleem, 1952, 1953;
. . < %
Dixun, 1963c; Jehnson and Howard, 1968). It is thus signlficant that
O antithamnionis wnuld ot 1nfect the Tmzllwlza -phase of B. hzszem

i 1n~cu1tu:{e, and Che sporangia and planont dimensions further dis--

. tinguish it from0. feldmannii. O. magnusii.as described by Feldnenn

énd’ Feldms.rm (1955) 16 highly restricted ln'its host, being reported

only from the rmzom of Ceramium flabelligerum J. Ag., The dimensions
of both the ‘sporangia and plaonts are similar to those of 0.

4

though ‘o, i1 only\spherical sporangia have Y

been reported. The planonts of O. magnusii are reniform, and while no
i .
. mention of refractive podies is made by Feldmann and -Feldmann (1955)

" their illustration shows cwe'inclusims at opposite ‘ends of the planont.

0. android has been reported, "usually infecting memhers £ the' 3

Chlorophytu and Phaeophyta (Johnson and Sparrow, 1961) ,knd its 5 - 5

- occurrence in Ceramium etrictum Harv. (Aleem, 1950) has been’ questioned
@ £

ko = 5




TABLE 25

DIAGNOSTIC FEATURES OF OLPIDIOPSIS SPECIES REPORTED TO INFECT HA&INE ALGAE

. i} :
3 T
{0, andreii} 0. usii : 0. dapgeardii
(Lagerheim) Feldmann and Feldmann and
: ([sparrow . | Feldnann 1955 Feldnann 1967
Sporangial shape —— - spherical spherical spherical or spherdcal ir-’
l . or elipsvidal| s oblong . |regularly lobed
Number of sporangia formed -2% i 1-7 1-3 P B¢
in a single host cell . . § . -
Number Jf discharge tubes . | 1-7 1 1(3) wi-s
formed by each sporangium . % &,
Shape of diseh tube Alindrical | nical | conical Lo Jeyrtndarical
Discharge, tube dimensions 78x3-5un | ? - 5.5 um 5-10 x 2-4 pm - 7 X 445 ym -
(length x breadth) .o e . S
Dimensions of spherical 5439 ym ? - 45 um 15-30(35) m 25-40 ym .
sporangia (diam,) . o = J
Dimensions of elongate 15-25 x 815 | not, reported 30-45(5) x 20-25 im |not ‘reported .
sporangia (temgth x breadth) ™ 3 .
“|imber and position of J 2n:‘ariurly .| laterally laterally -|not reported
pladont flagella - biflagellate | biflagellate biflagellate : 3
‘shape of planopt pyriforn reniform rounded, or pyriform |reniform
Planont dimensions (length | 4=5,x 3 fimw | ? x.5 im 2-2,5 % 1.5-2 pm 3-4 pm (ddam.)"]
x breadth) . 1 i ; e =
Number of refractive T two?’ one * by unknown
bodies in planont 3 . L g e
Resting ‘spores . " prepent uaknown, p'nun:’ present iy

(1) bata from Sparrow 1960; 111 other data from origlnul descriptions. -

A (2) From !.Lluu:r;r.ion l‘ald

al

and Feldmann 1955 Fig

*(3) Not

but ¥

by Johnson and Howard -

1968.

6Lz
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(pixon, 1960). Ic‘diff,ers, from 0. antithamionis by the' sporangia "

B lcng narrow di '»mm tubes. In addition the
planonts are anteriorly bi-flageliate and contain two refractive bodies.

Feldmann and Feldmann (1967) only tentative

1 "referred,cheir fungus to
the genus Olpidiopeis, they did not ohserﬁ%mﬁ.g planonts, and. were e
unable to determine the qumber and position of the flagella. ,The
description of the sporangia as {rreghlarly lobed, oAt Snsiealy RN
" tio t6. thies discharge tibes, ssens Pl to thercharabcaristrce oF
, the genus Petersenia Sparrow than to olpv,dwpsw.
v © Inso far as the culture and field observations wete made 0,

: =
[ .__antithamionis appedrs to be host specific.

Host regeneration is a phenomenon not previously described.

" following fungal 1nfe:tinn of other filarentous benthic marine algae. . =
.‘,’/The processes involved appear similar to whose described by Feldmann
n and Feldnamn' (1967) occurring in"the membranous thallus of Radwzlwgm
Yo I'spttzns,vlmweir, they di\f;edn some détatls. In'R. reptans, attack

by 0. dangeardii alwdys results in the death, of, the infected cells and

theneaosis of thc adjacent tissue, zegeneration is,by oucgrwr.h of the .

: * surrouriding healthy cells, which come to overlie, but do mot grow
\ . within the walls of the parasitised cells. The sigal Anacetan BE © .
. Intithmionella Flocoosa ddes not aluays result In the danthiof itha
E infected cell and udh callE B%s DapellY cEYegeistanton. Tathe
i &, * . ajority of {nstances, hovever, total destruction of cell contents and

the death of the adjoining cedl occurs; regeneration differs in that.
P ‘ 3

the outgrowths of the healthy cells' occur within the walls of the dedd

céils. This is significant in a uniseriate filamentous alga, as




another form of

. portions of the plént. !

- X
as' only empty sporangia were observed, but these closely resemble sone.

f Te ¥ . 281

. L .S
regenetation could result in the loss of thedistal .

! . . g

It is impos 1b1e to identify the fungus in Scizgeli pylaisaet
f’

of the spolangia, oduced by 0. antlthamnicrns. The; lnability of the

fungus to 1nfe ¢ 5 p 2aioaéi in culture.and its freedom from infection

in the field, 115: shrrounded by % parasiticed population bf . -

Antithamionelia floceds a, suggesc that it is not 0. annthanmwm.a.

Cytologinal Studiés \ o E » .
T o P X . ‘ T 5
Cytological examihations'have been made, of .all the species

i P . e
cultured in thi® work, buf \auhaugh dividing nucldi wexe freqiently

observed it.was often impossible to obtain chromodome counts. y

Difficulties vere principally due to the small size of the nuclei and
chromosomes, to poor differentiation of Utain and to inadequate
squashing of the cells. Poor squashing is responsible for the

appatently ingomplete chrmosome complemen:s shoyn in some of the

ghotog:aphs. R T— this problem was made by Newroth 4w

(1971) who presented photographs of nuclear prophases ag several focal k!
N 'l Q
planes.  This approach does not.appear to be particularly effective as

a chromosome miy occur on more than one photograph, glving falsely. - =

Kigh counts; the technique was not‘adépted in this study. s In spife ’ .
of these difficulties both meiotic and mitotic divisions were obSwgrved

8 . 5
and appear as previously reported (Magne, 1964; Dikon, 5&363) simiYar -

to these occurring in higher pldnts. The nuclear divisions do, however, . . °

" differ from higher plants in that'the metaphase plates are hilhly



co.nxpaucgd, and individual éhromosme/sjg‘indist”ingui"?f\ab‘le. .

The nusber of nuclet, theif shape! eize and ‘srrangement in
the cell vary considerably In the Rhodophyta (Dixon, 1966a) The _
shape of the nunleus in the shegies examined in this, study 1s dépendent \

on its position in the cell. In the cellq of the ap;cal regions the

: . ~ . £
nucleus ocguples a central position and is spherical, jut in mature

cells it.is displaced by vacuolation and assumes a lenticular form. 2T
! " These observations agree qit}{ re;orng by Hagne,(l?BZ): 5 B
. ¥ g _examined in this stuly can be divided into three &
) , ‘ategories on the fom and ilapostsion of Cretcoausiets . .
, ey Unin.‘ucleate throughout} no significant increase in‘nuclesr i
dimensiuns with increasing cell size and paturity . . . . L
e e . Plunaria-elggaie, Calli thamion Toseun ©, e

\_ ./ (i1) Uninucleate throughout, manyfold increase-in huglear

v i
‘dimensions with increasing cell size and maturi R . e .

.+ .. Scagelia pylaisaei, Anti ionedla floccosa

e
. ‘ (#i1) Uninucleate only in the lapical- regions, the more mature cells . _

_ multinugleate, but with no significant increase in nuclear

BEZE o oy v w e wowom w w % ow e o g e e w0 e e

- .. Callithamion coryy , Cal it on A
No detailed stuly ‘of the nusber of nuclei in relatign to cell
position dnd maturfty eppears to have been previously undertaken. It
has, however, been recognised in at least two spectes, Griffithsia

"globulifera Harv. (e G. bormetiana; Lewis, 1909) and Pléoosporium &
borreri (Dixon, 1966a) that the number of nuclei per cell Tndoenses,

- with increase in cell size'and maturity. } e e -




B

" gells, has been {11ustrated by Magne' (1964) for Choondous erigpus, -
‘s nuclear numbers which- increase i3 a geometric series; as shown here -

mulfinucledte members of the Cerfimi previo\usly i P.

between lnwal plants would_ t€nd to oh,scure any series which o P

occurted wir.hin a plant. " ‘.

Yhe nécurrence of synchronous nuuiear ddvision in multifucleate -

*Stackh;, and its occurrénce ifother, membgrs of the l{l\odnphyta 1s

" intipated by Dixon (1966a). . Its potential-significance in producing . :

for C. tetragomum does hot appear to have been recogiised.. Two vt gt

borveri and G. globuliferg are w like c. tetmgohum m that “theiz

aplcal cells contain ao 1rregu1.ar numbet of nuclei bu: aré not”

uninucleate. The Ldek of constip Ly of ‘sushest wHAGE L apicalccells , -

" w8 T . %

Memosg, demonstraced by che observation of, hxvaunné..m the

|
» diakines.is s:sge-was seen in developing tetrasporangla of- S pylm.saez,

A ﬂouosa and C. mseum Tetrasporangin pmduced on hagloid

gme:bphytes of 5. pylaisaei were shown to be apomeiotic Paraspores’
. - .
of P. elegans’ard fommed by nitoric dtviston. "7 ;

- ,The :ytology of ‘both cruciately and tetrahed’rslly divided
te:raspurangiz vas examined and-the nuciear e'vents faung to be *

identical. The two.types of sporangta do, hpgever, differ in the.

patte}n of cytoplzsmic cleavage in relat. o nuglear divisfon, and
in arrangement of the plages of the éei:und clear divisions. -

“Tetrahedtal dj\}i_siun vas only‘ohsarved cytolagically in

*+' Callithammion roseum and the process agtees with yreviuus reports

(Magne, 19643 Dixon, 1966a). ThE" planes of the second nuclear divisions

° are at, right asgles to each other aml fo fhe plane of the first division,




-« " . producing four nuclei each’sitpated at the corngrs.of a tetrahedron.

4 ¥ Cytoplasmic cleavage nommenses after all @dearﬁivisinns are colﬂplete‘

Plumma ’lﬂgans also forms ¢ rally divided er

on the paxasputangi i pia)te, but nnly xnterphdse nuclei were observed. y

S e Drew (1939) sugngsts that the” otcurrgnce of tetraspnrangia on

a1 -plants re an attempted meiozic diyision and
- £ .

‘spécwlates that it may be irregular. Her speculation is‘gupported by <@
)

2 . -
. *; the observations’presented in this work, as the oteyrrence Sf only one .

. or twp nuple e sporangiun undergoing cycokinesis is atypical of
: 5
the eATranEIEHL £t GF

o £ it aspomgenesis. . L. %r

" » The formation of cruclate tetrasporangla, cbserved in 5. &

. ’
pylaisaet and A. floccosa, differs in that, cytoplasmic cleavage follows
. each nuclear division. The first cleavage is mnediarely after :he

first telophase, to form a bispore. The o second nuclear |

" divisions are at right angies;toshe plae of the first; but have
g lrregular‘ arcangement with respect to each othér. The results are at v
¥ R ¢ variance wi’th the claim (Dixpg.'lgééa) that cytoplasmic cleavage .

imneiiiately following the Firat nuclear division is Testricted'to -
= zonaé‘e‘ terrés;orangia. ° x :’ ' ' V, el

R by That  bipartite sporangium precedes’the formation of cruciate

_tetrasporangia is evident throughout the Rhodophyta (Fritsch, 1945;

Kylin, 195¢), but whether this first cytoplasmic cleavage is prior to

. . ° , the second nlglear division™is unclear. Hommersand (1963) claims that
s 59 & N o
v . each nuclear.division in both zonate and ericiate tetrasporangia, “is =
E © ., followed by cytnklnesis vhich 13 cant:(ary to the opinion of Fritsch !

= (1945:& 652), w"w based his des:tip:iau on the work: of Yamznoul:hi ;]




(1921) .and Bauch (1937) on zonate tétrasporan‘gia Rosenvinge (1923 .

1921.) stateg that in “Antithamion, tetraspure fnmation is by two
separate bipartitlons ‘and suggests that nuclear'division precedes ‘each

cyeoplagmic cleavage. -

INs Evldem: that there is. confusion in the literature and - -

- that further cytological examinstiun Jf the ohtogeny of cruciate,

sporangia From other Rhodophyta is necessary. Hommorsand (1963)}%

siggested_that bisporangia and cruciate totrasporangla in the )
Cérdhiales result from a failure of meiosis. .The evidence presented
in this study, - together with that of Drew (1955), Sundene (1959, 196a,
1964b) and hagne,ngsz») does not support such a suggéstion.

ALl m;\ture tet‘r:‘lspnrangizl of 5. pylaie}zei are cruciately
dividéd and although in 4. floccosa they occasionally appedred to’ be
tetrahedral only the cructate forn'of development was, obsteryed in

“this species. It would thus afpest that, irrespectiveof the Final]

form of division, ontogenetic observations are necessary before a

* tetrasporangium can be designated either cruciate or tetrahedral.

Apomeiosis in spepie; formerly referred to Antitﬁmmion, S.

pylaq.saez (as 4. borezzle, Sundene, 1962)-and §. ocetidentale (as A

Occ}demtale, Wést and Nurris, 1966) “has been’demcnsctatcd(in‘wlr\ﬂf 3

butgas not been cytologieally stuiied.
’ Two speclesof the Rhodophyta in which tétrasporangla are

supposedly apomelotic, Fhodymenia palmata (L.) Grev. and Lomentaria -
orcadensis "(Harv ) Coll. ex Taylor (as L. rosea) have been previously

cytolagically examined‘ In the former Magne (1959, 1964) has shown

cells possess 14 chromosomes; but 14 bivalents occur

B



4n'the tetrasporangia which otherwise have an apparently normal

‘t medosis. In L. orcadensis Svedelius (1935) reported that nuclear

divisions in the tetrasporangia were mitotic. This species was re-

investigated (Magne, 1964) and found to have normal meiosis, but

. ¢
. spesimens f:‘nm.dlfferenz localities possessed either 10 or 20 bivalents.

. No somatic counts were obtaiped and the species 'requires Ffurther' .
inVestigation. ¥ i
The, .apomeiosis ‘in,5. pylaisaei differs from the previous

o 4
reports in that chromiosome bivalents did not occur in laté prophase.

Further ohservations on the form of ion of the
in early prophase are necassaiy,.but from the data cbtained to date

.‘the division appears'to be a nqmal mitotic one. e

Chromosome counts have bzen obtained for: Saagelm pylawael)

4nti £ floccosa, Callithamion corymbosun, E. roseun, and

Plumaria elegans

. o
S. pylaisaei and 4. floccosa are shown cytuloglczlly to have

the iaasic Polysiphonia-type of ufe history, with the :enaspmphy;e'

diploid with respect to the haploid male and female gametophytes. In . .

addition it is shown that the apomeiotic tetrasporangia of 5. pyttadki,

are borne on the haploid phase. ' Both varieties of 5. pyla Ve

similar, chromosome numbers. Thus there is no evidence to suggest a

polyploid series and tl-gg’:nlugical study does not provide any

on the rel or origin‘of the two varieties. The
* single chromosome count obtained in diakinesis for C. rosewn (n = ca.
30) does not agree with that reported by Harris (1966) (n = 39), but

it appears unlikely that'the species*reported by him ag C. rosewn and



the species examined in this study are conspecific. The counts
obtained for C, corymboSun are similar. to the range reported by
X ) ’ =

Hassinger-Huizinga (1952) for diploid material. -The parasporangial

plants of P. ¢legans examined in'this study contain ca. 90 chromosomes, .

with a range of counts sinilar to that reported by Drew,(1939) This

confirms the existencev of the eriploid strain of'. . elegans in North

v Imerica. °

Previous chrmm:some counts ohtained for members of. the .
éeramiaceae have been listed and reviewed by Dixon (1966a); hapluid
numbers range from 6~90+. Many of the early counts are contradic:ed

by. more modern examinations. The majority Jf modern counts Tange -

,betueen n =23 and n = 35, and the chromosome numbers Dbl:ained in.this

study fall within these limits.

o Spore Germination

on of ; & and was

identical and predominantly of the bipolar-type considered.typical for
members of the Ceramiales (Killian, 1914; Kylin, 1917; Chemin, 1937);

it has been termed the Ceramiwm-type of germination.(Chémin, 1937).

An exception was the unipolar form of germination §ccasionally observed

in' cultures of S. pylaisaei.

£
A
reported for members of the Ceramiaceae: in Callithamnion tetricum

spore have previously been

ABoney, 1963) and in C. rosewm (Konrad-Hawkins, 1972).
. v :
L'Hardy-Halos (1970) figured in situ germination of carpospores

of Antithamnion plumila resembling the early- stages of the unipolar




pattern. Carpospores und‘ergaing in situ gemiméxon in Scaéelia :

pylaisaei houcver, showed a typical bipolar pattern and atypieal

gerninatidns vére not observed in Calltthamnwn ‘vosewn in this study. -
The high {ncidence f loosely attached spores showing unipolar !

germination” suggest that enlargement: and -nuclear division.take place

without spore seitlefient. Bipolar germinatidn may thus be, inhibited

_by either the spore becoming multinucleate, or may be dependent on

. substrate contact; this problem requires further i-nv‘?isgauon.

Po1az1cy‘uf gemmination is ipdependent of clture conditions,
and in gitu, geminatinn of carpospores appears as a continuation of
the apical growth of the gonimoblast initial. ' L' Hardy-Halos (1970

has ‘observdd sigilar in situ germination in A'ntuhmmwn plumila, .

_which is im agreement with'the obervations of Weber (J960) for
g “ P4

they are reviewed by L'Hardy-Halos (1970). -

several species of -the Ceramiales. Rk

There are numerous reports of in situ germinatiqq in nature,-

of .carpospores, tetrasporés and monospores of members of the Rhodophyta,

: .
In this sthdy the qply in situ germination observed in field

material was in the paraspoges of lenaria‘slega;ns,ns previously

‘e ortb}d by Drew (1939 Tﬁ& ih situ germination shown by developing

para g;es at Stu. Bernnrd appears to be a temperature dependent

P
phentsienon. . The culture experiments have shown that developing

‘parasporangia continue growth and ultimately release paraspores at

10°C, but at 2°C further production of paraspores is inhibited and

those formed germinate in situ to produce vegetative filaments.

The significance of in situ germination of tetraspores has
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‘been recngnised (Dlxon and West, 1967 Scott and Dixon, 1971) as

pnten:lslly leading to the development of a'haploid axis on a diploid , - '
- -
thallus. It has been Suggested (Scott ;nd Dixon, 1971) hat such
£

geminatiuﬂ could ultimately “1éaa to [he elimination offthe tetra-

sporangium and its replacenent as the site of meiosis by a morpho-

 logically somatic apical cell. This phenomenon is reported to ogcur -

in the life “history of Lemanea mamitios (Slridot) Silva (Magne, 1967)
N Paraspores of P.: elegans are prnduced mitotically and are
thus analogous with the monospores of Erythrotrichia carnea (muu.;

o R Ag‘ ‘which occasionally germinate in Bmtu‘ (Dixon and West, 1967).

Such geminanon in E. éarnea gives the appesrance of branching in an

o(hewise'simpxe f£1lamenit, ‘and may lead £o errors 1n 1dentification.

§ The in situ geminatiun of P. elzgans ‘auses minor morphological o u

_ .changes, but daes not ‘create any taxonomic confusion and appears to

have little biological significance.”

N ; el L

Polysiphonia-type of 1life history. is only\partially supported by this
study. The life histories described can be placed in four categories
@) Polystphom.a—-type with no apparent deviationsj Calh.thamnwn

roseum,” Antithanni 1 floacosa It n that the

" n ' in some of 4. floecosa are %
. functioniess, or are merely aburtlve :e::aspe:angia)
(ii) Polysiphonia-type, but with accessory :eprnduc:ian, of the

gametophyte generation by apomeiotic tetrasporangiaj -
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Seagelia pyl Zzusam.

i ) (id) Pulys‘x.phom,zz—type but with mnncecibus gmetcphytes and the

ofcurrence of procarps-and a on the Phytes;

B suggesting the potential existence of triploid and tetraploid
& >

g N ,
generationss Cdllithamion tetragomum.

(iv) Apparent absence of ‘alternation of generatipnsj reprodyction

- by mitotic spores (paraspores) Plumaria elegans or by vegdtative

3
ion Callithami

Cytnloglcal observations have that A -“"‘" i 1
flocoosa has a Polyaiphom.a—type of 1ife historys and no deviazicns were
.observed in field mate.rlal. The 1ife history im c\glture remains
FiGoELcaEdL , srolarts Qdelved f;om both carpospores and tetraspores g
failed t_olbecume fertile. The"hat;xre %’g the nznnespore—like ‘hodie;,
also observed by Jaasund (19657, -eedaine whktiowy; Thevoceasionsl
observation of cruciate divisions suggests they may be immature or

abortive :e:raspurangis. . . )

Callithamion roseun shows & Polys\;<:mia—cype of 1ife history

‘ ° @
5 with no-observed deviations in either field o Qxlture.

From cbserva:ions of field materiﬂl and from cytological

I gk studies, bo\j’ vatieties of Scagelv—a pylaisagi were présumed to have a
; ; )
. Polysiphonia-type of 1if€ history. Culture experiments, hovever,
showed that the majority of gametophytes were capable of préducing

. - apomeiotic tetrasporangia in addition to either spermatangia or .- _.

procarps.

Apomeiotic tetrasporangia do mot appear to be .common in natural

populations of:§. pylaisaei in Newfdimdland. Such sporangia-have been :
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dete:ted on only three ﬂccasions and then the plants also bore

- gametnphytic reptoducciv& organs. This is in direct contrast.to the

x

o . b ¢
* diploid, but produces apomeioti¢’ tetrasporangia. The occasional

Scandinavian material (Sundene, 1962) which appears to Be obligately
metotic, e’ formativn of, apomeiutici&}!asperangia on tie

gandtophyte’ phase sukzeprs that the seratns of 5. pylaisaei report/ed

,72 Scandinavia may be shustdnhybes, “hich have partially; or totaiy

lost the ability to undergo normal ganetophytic repzoducnon. The

‘repotts of a al plants ( 1923-1924; Lund, 1959a;

Sundene, 1962) often also bearing tetrasporangia can be explained in |

thig vay. oMy B B g

It is, however, poséible that thé Scandinavian material is

reports of spermatangia could be explained if the plants were qf a
stratn sinilar t6 that derived on a AlAglE EvABIEH PENE KAEPONRGEES

of 5. pylaisaei var. pylaisdei. The carpospores produded.diploid
plants ¥hich bore-spermatangia in' addition.to meiotic S,
§6 avideiice For :h’e'producuon of apomeiotic tetrasporangia on diploid
plants has been obtathed 1n this study. The problem of whether the )
- plants are naploid ot diploid can only be
finally Fesolved by cytological scud. .

. Atcempts to fertilize'a hap/ln d female gametophyte with ).
spermatangta from a diploid plant, with the potential for the
production of a triplold generation, vere wsuccessful. Tt 1o
com:eivable, However, that procarps could be forned on dfploid plants

in the same manner as spematansia, which could be fertilized by

diplotd spermatia to produce tetraploid carposporés: This situation




poear . . T N}
would be aimilar :to; that shown by Drew’ (1934 19103) for Spemothwmwn

e . .

repens. 4 " 2y

.

' .The'life };istuly_uf C. tetragonum differs from the Polysiphonia-
t9i8 9 favtriarmscectsus uanatibivees: At by the Qevelopusa GESOEOCALEE
and spétmatangla on tetrasporanglal plants;. Spermatia aréitapible of -
ferfilizing prccarps!.yrf&du;:ed' on the same plant. C. tetragomum (as ’-}
C. baileyi) in North'America is reportedly either monoecious or i
dloecious (Taylor, 1957), but all material examined in this study in
both Fleld and cultire vas monoecious., -

There are two previous culture studies of members of the
Ceramiiceae suppus;dxy involving mondecious g!n;atophytes. Rueness

(1971) obtained the life history df Spermothamion repens, a "

-reportedly 1 species (I X 1923-1924; Drews 1934,

1943) ‘and‘fnund it to be dicecious. Hassinger-Huiiinga (1952)

_occasionally found mongecious plants in cultures of Callithamion

corymbosun, but the majority were dﬁeci}ma This study 15 the first
report of the culture of a-member of the Cerantaceae with obligately
Bonoecious gametophytes' in ies 1ife bistory.

' 'x‘wo other spe:ies of the Rhndaphyta, Pseudoglowphloea confusq .
(Ramus; *1969) and"Rhodockorton purpureun (West, 1969, 1970) were shown
1in culture to possess both monoecious and dicecious gametophyte strains.
A similar situation could exist in C. tetragomm, and culturesiof.
material from other localities are needed to solve this prohlelf. T

The culture experiments show that spe;matﬂngia and procarps
develop on the tettaspcta;lgial phase of .C. tetfagonum rather than the

converse, as occurs in S. pylaisaei. Though no chromosome counts were



obtained the'situation is similar: to that shown cytologically (Drew, ,

1934, 1943) for Spermothamnion repens. The pre’éence of a carpo-

N porop! on the 1 phase cultured in the absence of

gametophytes suggests the potential nc:u:ren;e of a tetraploid

genua:mn Cytological dasarnesded to confirn this suggestion are,
howéver, lacking. Whilst the spermatangla and procarps are functmnal

it is not knoth,whether the potentially tetiaploid carpospores are,

n-
L3

: a
visble. Tn cuntkast to Spermothammion repens (Drew, 1934) tetra-

N
P sporangla and other reproductive organs of: C. tetragonum were not

[N
observed to occur on.the same plants in nature.

Plunaria elegans shéws a direct life history with. the triploid

; paraspores reproducing the parasporangial plants in both field and,

" culture. This confirms the observations of Dréw’ (1939) and Rugness

(1968) on northern European populations of P: e gans.. The only .
’ pnssible devial’.lon from this life cycle is the: occurrence cf tetra-

spurangia on ‘sone plants; they have been’ showh to ba cytologically

aberrant and there is no evidence that they are functional.

The 1ife history of:Callithammion corynbosun in both fleld and’

culture appears to be .fundamen'tally’ dependent on ve‘g’eta(ive prapaéa;im\

i by fragmentation. ‘This is at variance with-thelgrevious reported life.
history in culture (Hassinger-Huizinga, 1952), which ajthough showing

- some anomaltes, was of the Polysiphonic-type. Tetraspores are producéd

in Neufoundland material of C. aaxymboswn ’1!\ beth field and culture,.

but appear to have only limited viability in culture and thelr function

in nature remains unknown.  The apparent lack of

© ... that they are either nonfunctional or apomeiotic. It may be; however,




that environmental conditions in the field will not support the growth

of gametophytes,. though. there is no evidence to support, this suggestion.:

\Gtwth and ion i Gulture

As has already been discussed, vegetative growth of all species .
i = * & ‘

studied in this work is greatest.at high temperatures. Only the’rates

of cell division of 5. pylaisaei and A. floccosa appear significantly

affected by.daylength, being educed under shm day conditions.

: Comparable grouth rate datd for tes and tetrasp es

haveonty been obtatned for C. tetrsgomum and . pylaisaes. “The two

. phases show no significant differences in the rate of cell division

" under any culture conditions. The findings are in agreement with the

results previously obtained for other species of the Rhodophyta, both

. in culture (Edwards,-1971; Rueness, 1971) and xtfleld (Lewis, 1912).

Light intensities do mot show the same marke / effects on the

rate of cell division as dlther temperature’ or daylgngth. A notable

excepuon is. that the comb-ssnacion of high light intensities (1200 x

509, 1) “ind Low :emperacé‘ze (2°€) is lethal to culjures of C. corynbosum. ,
i Dnly/ two species S. pylaisaei and A. fioccosa, showed a-

st reproduc:ive response under all culture conditions. The

former eventually slvays ‘becomes fertlle while the latter was never

induced, to form any repxoductive organs. ' The other speciés showed

differing responses under different culture conditions. As with

growth rates the most ipportant factors were temperature and daylength,

" - with.light intensity having the least effect. Under conditions which

allowed plants to eventually me fertile the time required for'the



] <
productton of reproguctive structures is related to vegetative growth

_rate. , L i

The time-required to reach reproductive maturity for gametophytes
R

e 3
. and uenfspo:uphy::s is similar in C. tetragomwm. In S. pylaisaei
gametophytes usually require a slightly shorter culture period than

[etraspatophytes whilst in C. roseum the converse gccurs. In

gametophyte cultures of all spec1es Spelmazangla were usually cbsexved

. before procarps. The tequiremant of similafr_ﬁ\sﬁtian periods has

. previously been reported for tet ophytes ‘and

tes of C. =
bysaoidea (Edwards, 19692). Rueriess (1971), hovever, foyn

development ‘of a in Sperm {on repens took

. times as-long’as the development of spermatangia and procarps.
T Within a species different types of .reproductive bodies
apparently require similar stimuli for their production. A contrasting

situation has been reported for Achrochaetium pectinatum (Kylin) Hamel

(West, 1968) where tetrasporangial plants formed monospores under all. « .

conditions tosfdd, but required short daylengths to form fetrasporangia. .

In the pydeent study an anal%gehs situation exists in the formation of

- apomiutic tetrasporangia of 5. pylaieaes, which in culture only occurs

. ot 0% il bods. THe conditions which lead to the formation of ;

apomeiotic tetrasporangia have not been conclusively detemined, Bons, 2

sgrains exanimed did not appear to produce them under any conditions,

o l;ut i:.'is impossible to tell wherher‘this failure w:s due to a geneti:c -

I €

or an environmental factor. In some tes .

etrasporangia while others in the same culture did n))t * Apometotic

tetrasporangia only formed under the -conditions whigh promoted the

/




% fertile under short daylength conditions. However, fertile cultures '

most vigorous growth., Their formation in.dense cultures, and their
inhibition by subculture into fresh medium suggests that the formation
is dependent on crowded conditions. Whethier this is due to physical

; ; ; a

contact, extracellular products, nutrient ;eplei:ion or other factors. - PR

has not been established. o . . -

Temperature also controls reproductive maturity in L‘. T o * o

corymbosun and . elegans, which becone fertife af 10°C and"above;

irrespective of -’daylength. e. aoxvymbasum hawever, remains sterilfe ac‘
high intensities (2300 1x) at 15°C, the only light intensity mediated Lo
response observed .in this study. i 3

e ' on plants grown from spores of .

P. elegcms at 10° c under short day.\ength, but did form on plants

d fmn detached apices. No explanation for this pheriomenon’can
s
" be glven; 1t is possible that alr_hcug,h the sporelings had achieved.

" suffictent vegetative size o further perfod in culture was required
to induce parasporogenesis. It is dino possible that inductionhas | -
; vflready:ecc\’zrre;l in the field, but required the transfer to higher %
_temperatures before it was manifested. % % s B
" Irrespective of other physicdl factors, C. roséun never becate,
.. transferred to short daylengths continued fo produce. reproductive :

bodies. In this respect C. rosewn satisfies one of the definitions of #

a true photoperiodic résponse (Terborgh and Thimann, 1964). Further
cultures, involving light breaks in the dark period,must be undertaken .

before ghis can be confirmed. Reproduction in C. rosewn is also .

. s . N .
affected by temperature; sporelings derived .from tetraspores became L




g, b .

vegetative growth had apvarently adRetaty R

C. tetragonim becanie_fer_cue ur)d'er a1‘1 conditiors at_ 167‘(: and

: .
shive; but-only at fopg daylengths at 5°C Nn ‘further data were /

by
nbtaincd Jon the ndt‘te of this respnsse, but it would jappear to be v

mediated by a phcmosyn:he:ln: (Dixon, 1970a) rather than a photoperiodx\:

. mechanism. - 2 3 I i v o Y
' Reproductive Period ity s g

. 'The da:a obtained i :ultute on lifs histoty, rowth rgtes and

. rep:odu::f’ve maturatinn can ‘be used to intarpret reprod i

p rindicity A—— the ﬂeld. el P 1

"t The quantltativs measurement & reprodictive | pe:iadlcity Sliowd

the observation of- seasonal r.rends, in sptn:ies such as S. pyla‘bsaet_, A

vhere, the majority of ‘plants are fertile thruughout.' t\\elyear.‘ Such

 treridawould be dbacured in simple presente or ‘abserice da:a, whith

Jare usuany presented- in phenological studies. oy
* From the data ob:ained tha»spacies n thifs s:udy can be -

dlvided inta\three groupi -

(1) Gamec\;phyces and sporophytes of . ‘pylaisaei are present or
fertile throughout all or most of [he year, though not_

1y in equal $ P, elegans can 'alsn be

".included in this group as~paraspnrax\gia ShaHE Faid

~ rnughout the year. ' - . . 1
v " e

(11) Gametophytes and sporophytes of C. roséun and C. ‘tetragomum
- ! < i SN

aré,fertile at the ssme time, but only, for a limited period.
- ¥ :




< e . corymbosum shous a éimuar seasorial behaviour and can be
£ : . ;lncluded in this group although only tettaspotophytes are

R . knuwn in’ Newfoundland. B ¢ -

Ny " q
o | (ni) Gametophyr.es and sporophytes show a seasonal disjgm:!iom

¥ov, B : Thete are two fer'tile pertods, only spnrophytes occur in one

R whﬂ-e in the other both ;porcphy:ns and gametophytes are

. L .+ f3und; this group intludes only 4. floccosa. 2 E

*, .Both varieties of 5. pylaisaet show the same trends; wiich are

T el “mbrer markeﬂ in s. pylaisaei var: boreale than'in S. pylm.san var. .

fertile plants

6. pylmscc. . a tes are che

J I;hroughou: the year, but in the' coldel; months sterile, plants predominate

-and the ‘gametophytes are Ledot evident. The trends cannot be explained

by ‘the eulture data, as both tes and isporophytés becang

& fe!cile uuder .alt conditions, tesred: The cultute of 'apfcax fragments__:
° .and the, cyuological exaninations shou that both gamemphy:es and

tetrsspurnphy:es are present in the sterile popul‘tion, but do not

Cytological examination

© ingicate why they ~are sterile 1n nature..

of specimens irom a cnllectlon (St. 1014 19). -obtained during the winter

was o ) .

(s 7o muntﬂs shuu that
. ) Parasporgngial plans of £.- elzgamy are present throughout the
year at St. Bernard. Paraspofes in culture, ovever, were formed at

¢ or 2°C, even. though. vegetative

10°C and above. ‘but' did not form at 5°C

a on:the planta

gk growl:h The ¢
g in natuze suggests ma: they are only ’beihg formed uhaz:u‘und in the
’ a5 immedia:e 81 regig are this formed in

The




~

water gempera:uré falls in winter, vegetative gréwth contlnues;
but no f;x(thgr spores are produced, Eh}rﬁoum account for the
para;porangia being absent in' the apical regions. In early summer,
as previously discyssed, the paraspores formed on the lover parts
gerninate'in oitu. Later the first new parasporangia are ai‘s\:

'
found in this region presumably formed from initials produced

o &
during the previous season. New parasporangial initials then -

develop in the subapical region. It would appear that :emp’exa:um

1in both culture and field plays a : major role in the induction of |

ia, and that whlh ia are present throughout

ik yesiyehey EeRatQEMGE Wi Ha vater, temperature is lov. In
this manner P. elegans shows greater aifinities with the secn%d
phendlogieal group, comprised of the Callzthmmwn species, than®

with 5. pylazsaem.

Calltt}mmlon roseun 15 only found, to be fertilc in, the field

batween July and October. In culture re'prnduclive maturation s

controlled by daylength and temperature, but the daylength phenomenon

is -the most striking. In [he field in Newfu\mdland water !‘.E\nperatute

rather than.daylength is ptwbﬂbly more impurtam: 1a controlling

reproductive periodicity., If .»day!.ength alone wgre_the controlling

factor plants wowld presumably.become fertile in the late spring, but
! - PPy

they do not until July and August, when higher water temperatures also

- ogeur. In the field the tetrasporophytes become fertile before the

gametophytes; this obsewa\ieh based on data for a single season, may
not be significan:. However, in culture tetrssparophytes'hnve shorter

maturation periods than gametophytes, and this ia most pronounced at




\ . , 7 m : . 300/\‘

B ¢ 'lwer temperatures. Cultures of sterile fragmentg show that both

el g 3
.~ tetrasporophytes and gametophytes overwinter. »

No detailed phenological observatidns were made in C. tetrfigonum;
which is sterile at Grand'le Pierre between Janudry and July, suggestigg

that either water temperature or daylength may be factors controlling

reproductive riodicity. Reppducuon in culture is prineipally
controlled by t mperature, as at 10°C and above plants matured under
all conditions. Ower temperatures plants’ orily become fertife at
lopg daylength, but this is probably'a SlisESETREREELS FAENEE thaHLa
- % @tbectlysphotopariot i Eenponsa; J i
Callithamion corymbosum, in addition to showing a distinct
reproductive periodicity also shows marked seasonal changes i local
abundance. It reaches its maiinum vege':auve-devempmenc in-late’
symmer i Beconansfertiin shortly afte_:wa;rds. Culture studies
indicate that temperature is the major factor contrcuing both growth
e i and reproductinn and that daylength has little or no effect. 'l'h‘e i’ace
of the tetraspores produced remains unknom\, but ¥hs epdeips Has basd
Ve shown to épread through fragmentation. s the water temperature fans

the exposed plants die, but viable vegetative fragments remain in the

detritus layer. It is significant, that.at low temperatures in culture

- "7 high light intensities were lethal, but at low intensities plan:'
fragments remained alive, thuugh o apparent® gruwth occurred. The
fraguents can be found throughout the wipcer suggesting that the
species perennates in this manner, with growth recomencing in late :
summer when water temperatures become favorable.

-A. floceosa is found throughuut the year and' shows two pericds



- of fertility. One occurs from October to February, when both
“gametophytes and sporophytes are found,"the other in June and July
, @ - vhen nearly.all plants.are fertile tetrasporophytes. As A Flgccosa ;.
could not be induced to become fertile in culture, the culture studles
cannot be used to interpret phenological-observatipns. On the basis <’
of field and cytolugical\invescigacions the ‘following interpretation
is suggested. J ’
TétvapsToplyELS petaiatien SERLIE FIANEG, ddELod Agastiand
September when water conditions t;:hibit tetrasporogenesis, they become

. fertile in October. Tetraspores releaced in June and July germinate

and the resulting gametophytes also become fertile in October and,

November. Fertile 1 tes and sporopl persist until February
Carpospores released dm—mg this period gerninate to prnduce

tetrasporophytes. No derdtit] exantiaiioi vas vade of juvenile plants,

/‘/
——bue ‘young spctelings of 4. floccoga have been rew:rted during this
Sy perfod tn Nava Scotia (Edelstein and McLachlan, 1966) . * From March

{ : “ungil June; the majority of plants are sterfle, and these are diploid.

. . The cytological data and ¥He almost ex;:luslve occurrence of fertile
’:ecraspomphyces in Jute and July indicate that the tena;purophy:es .

.. overwinter, but that the j';ame:nphytes “do not. :\m‘we‘;er, the occurrence
of a few cazpospumphytes in Aﬂtu and June” suggests that female.
gametophytes also occasionally persist.

* It has been spggested (Dixon, 1965) that as a species approaches

Tou novpiers THares {e eotcstvely Yosus 15 geksopnyEs BN BUSTOBILE
stages, and that at extreme stations it becomes sterile, persisting

. either by immigration or by vegetative reproduction, Of the species




examined in this study, C. rosewn, C. tétragomum, C. corymbosum and

P. elegans reach their known' North American limits in Newfoundland.
s LEARN

tes and 3 of C. roseum and C. tetragomum

> t
occur, but gametophytes are  absent in C. corymbosum. Plumariae”

elegans lacks both and s, and Sceurs only

as the,triploid parasforophyte as it does at its nortiiern limits in
Europe (Rueness, 1968). ~ ¥

The xeasons‘fnr the differe;w distributions of the gametophyte _

A ;

and tetrasporophyte generations or for the greater abundance of
sporophytes, as found in 5. pylaisaei and A. floccosa, are unclear.
Perennation or vegetative reproduction could modify the distribution,
but Forone gensrdbion roimeioninateivould sdkgeststiiot bty novs "
‘fitted to the prevailing‘envitunmvental' comiitivug, Tn dhls seudy,

cultures of both gamétophytes and sporophytes show similar growth

and ‘their ive maturation ig induced by the same

factors. There is thus no evidenge to support such a suggestion.

Edwards ( 1969b, 1970, 1%71) showed that the growth rates of

the gametophytic and tetrasporic generations of several species of the
B

Ceraniales wére similar under a wide range of culture.conditions. '

This has ‘also bee;-n shuwnu in the field ( Lewis, 1912). It wnuld thus

seew nore likely.that the factors ccntrolllng the distribution afine
gametnphyte ‘and sporophyte generaticns are linked to reproduction :

rather than ta vegeta:ive gtowth. -

- L@ .



Ggographic Distribution ; s
X + y

Using the phenological and culture cboervations it 'is posgible '

to coment on the factors rs “controlling the gengraphic atseribution of

the species studled "" v . =

S. pylatsaet is apparently ctremboreat; odeurring i the
_north-east Pacific, add is widespread in the North Atlantic. Tield
observations suggest: that at the southern limits growth might be
controlled by water temperatures. meaching and death of 5. pylaisaei
var. boreale occurred during a period of mgh water temperature
(St. 104.15), and 1c.is reporced chat at its southern® limits (Farlow, *
1881, as A. ahericamm) it breaks dows 1a sumer. 5. pylamm from
sbuthern Scandinvia (Printz, 1926; Sindene, 1953 as 4. boreale) also Ce
disappears in late summed. ﬁere appear to be ho northern limits for
thé" spekies, and its distribution is dependent on suitable substrate,
as at the depths to which it occurs in zhe Arctic reglons it would ve .
unaffected by ice scouring. The plants must have the ability, however, S
to reaise/iong pericisiof dasiiens or reduced shasleeion dis vothes
low solar angle and ice cover in high Iatitud'es.‘ & C .
.. _Because of the overlap in morphologles of the two varieties
1t 1s impossible to map their geographic ranges in detail solely on
the basis of herbarium records. It would, howevev, appear that :
entities resembling the two varieties described here exist together
over a considerable portion of the:total geographic range. '

In Europe. the Oslofjord strain (4. boreale var. boreale)

cultured by Sundene (1962) shows obvious morphological similarities’




iwith 5. pylaisaei vat. boreale. The material illustrated by Bjrgesen

“1902) as. 4. plumilq var. boreale 1. gorallina from the Facroes

resembles Fleld material gf s pylaisaei var. pylaisadi fo\n

n iate’
3 N
summer*in Newfoundland. Harvey's ma:erial (A_ amerteanum) from <

3 sauthetn Massachusetts held in TCD, and other material examined i“

this study (St. 4,1; st. 18 5, etc.) indicates that both varieties

occur at the southern limits in North America. - :. g

"'No Pacific Ocean specinens of §. pylateqet were personauy
exanined, but Kjellman (1883) quit;\/ clearly distinguish;d Ruprecht's
11851) eazmhmmon coraliing snd Caltithamion Tapporiam fron the
Okhotsk Sea. The tio taxa would now be refemable to'S. pyldzsnm,'
var. pylaw‘am and 5. pylaisaei var.(bmﬂeale respectively.

Both vatieties also appear, to occur at the northern’ extrehes
of the range, §. pylaisdei var. pylaisaei is found in Spitzbergen
(Sundene, 1962 as 4. ol VAT GoGTIEY and 87 pylaisaei var.
bareﬂie has a type lacality in the White.Sea (Gobi; 1878 as A. plunula
var. boreale). E b
In Newfoundland, culture and comparative morphélogi\al studies
of hgzba:ium material show that §. pylaisgei var. pylatoaci occuts on
all coasts but S. ylatsasq. var. boreaZe appears to be cunfined to’
‘e sgihern snd western coasts of the island. The \res riction in
local distribution is difficult to explain in view of r_}hiae
geographic range appdrantly ‘shown by the two varieties.

The south coast area is exemplified in this study by St.

-Bernard. The only environmental parameter monitored was water

and the » .taken as single surface temperatures




s - ‘r . N Ty

at each visit, have only limited value. Higher summer water tem-
peratures were recorded at St. Bernard than at Bay Bulls. It is more

‘significant, howeyer, that at St. Bernard the low winter temperatures °

persist for a shorter period than at Bay Bulls, and conversely the

. period of higher water temperatures is also extenderL X .

: The three Callithammion species and P. gZegans reach their .

’ narthern limit, 1n North America. in Newfaundland 'I'hey are confined .

’ 1 to the south and wést coasts, the reproductivé periodicity and their °
behaviour in culture suggest that their nmorthern distribution is . o

. controlled by water No

has been ob d in

this study to suggest factors which may limit the southern distribution L

of the species! -

. A. floccosa has :h; most restricted geographic distribution,
ad it.is not as widespread in the north as 5. pylaieaei. It does not'
.extend is far south as the other species examined in this study.  The
two periods at Bay Bulls when steri‘le 'plants predecainate coinvcide with

3 5 - \
® 5 . the periods of lowest and highest water temperatures. The apparently .

restricted temperature range réquired for reproduction may limit tl;p_
. g:ugraphic ddstribution. A. szac-osa, mach more than §. pylaisae,
. is 11mited in its. vereical occurrence to the immediate sublittoral-.and
it is possible that at its northern limits ice action'also controls ' ;
its da{st‘.ribu&iun. ) T ' i
’ The present study suppr.: ts the generally accepted ccn‘:en:p{n

that :empencure is of primary importance in controlling the repro-
~

dictive todicie and the di ibution of. marine algae.

Daylength either alone.or in conjunction with water temperature also



_appears to influence the }easoml perfodicity of algal floras. The

. conclusions agree with those of a field and culture study, made‘by
VE_dw‘ards (1969b) in the Gulf of Mexico, a reglon of significantly higher
seavater tempefaturgs. They are, however, at variance with the’

) suggeét?oh'of'conoye't (1958, '1'964) for lr;lgal flords from Cape Cod and
Texas, that light Lnr_e.nsi:y is a major factor controlMing seasonal

petiodicity.
Conclusions

n/o majo)(conclusions ‘have emerged from this study:

(1) 1t 187 possthle to use eiltures tnder defined choditions to
delimit genotypic variation in the Ceramiacese. Such studies
in combination with measurements tﬂseasunal lietigss 1
morphology can be used to solve taxonomic problems..

. : (D) culeure techniques in combination with field cbservations can
be used to determine the factors affecting gm‘wch canll
reproductive periodicity in nature.

Previous taxonomic stut‘l‘ies in ;he Ceramiaceae,e.g. L'ﬁa:dy-
Halos' (1968) treatment of Antithamiion are of n,stat‘ig nature. The
approach is acceptable vhen specific delimitation depends on the ’
- 'pre?ence AR ERE readily definable character. An example is
the sapaietioh of Antithamion temiidsimin Scon other embers of the . °
. genus in the English Channel (L'Hardy-Halos, 1968), by its lack of
gland cells. L'Hardy-Halos (1968) separates other species -e‘gt 4
/”gpirogmphidis and A. -sarniense by characters hased..on cell s‘ize and
! numbers of whorl branchlets pet axial ceil. The twn. specigs have also i




. * - 307

been regarded as conspecific (Sundene, 1964a; Parke and Dixon, 1968).

The situation is thus sim{lak to that occurring in 5. pylaiseet,, and
. >

1t 1s sugg that e 5 utilized in this study
could be used to resolve this'and other similar taxonomic probless in

the Bhodaphy:a. . L, o X

. A numher of taxonomic problems cm;cerning 5. pylaisgei still
relnin. It'is 1-yortl||t to the correct typi“catim oE S laieau:
var. bar-mlz :ha: cohi s material of A. plwmda vary boreale be
examined. I: ~may include both varieties, recugnlsed 1n this s:udy, or
1t may be entirely of var. pylaisaei. In either ingtance the epithet
boveale would be incorrectly applied tn this study, i o alternative
would have to be sought.

The culture of of 5. pyl \ i ﬁw areas

its range is of primary importance to confirm the’ ;eographlc distribution
of the two varieties," to determine t)-e range of the obligately

ph 1 varieties

apomeiotic strains, and to di other
or reproductive strains that may exist in nature.
Further culture studies of a more intensive nature should be

on m s and especially directed at

determining specific fmm controlling cell division and enlargesent.
The biology of the spectes in the field, apart from repro-°

ductive periodicity; and in S. pyl

i seasonal chnnges in morphology,
tenlns largely .unknowm. Considerably more work could be carried out
“on papulatlon dynamics and espetially on the factors Limicing vertical
aistribution, whichehave not been considered in this study. The

" physical factors, temperature, light intensity- and dlylength while

v
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undoubtedly important are only three of the many factors acting in the

marine environment. Biological factors of Competition and predation,

as vell as chemical factors, such as nutrient limitatior, have long

been recognised as control agents of phytoplankton dynamics. There is

no reason to suppose that they are less important in relazinn to

benthic marine algae. N

. Many of the chemical and biological problems could be examined
in axenic culture in a controlled physical SLEOHGEGE . “THEE study,
Kicvevi, ‘enghssixes that nelther f1eld iior Gulture seudles should be
used alone. Only through careful integrntinn of obsezvnr_icne made
with both technides will an, understanding of \he biology of marine

algae be achieved.
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the’ addicion of :ris—hydtoxymechyl aminnmethzne huffer (T‘RIS),

: } mix Sy, vitanin xu and. the range of trace elemem:s i the\concen—

80 e trations given for, :he ASP medlu'm of chvascn et al., (1957) Thé

final conce‘ntrﬂti ong of tliese ﬂdd).tives to 1060 ml -of seawater ’15.-

L Pnél;lmmu OF .CULTURE' MEDIA y Coue

ium ethylbne diamine tétracetate as. a chelatmg agent, vitamin e

,Erd-Schreiber ‘mddium (Nyn, 1934) ‘as modified by Burrows ('1958)

5

ot . o
. 1 Sodium' nitrate - 100 mg
. . + Disodiym hydrogen phosphate .128;0 ** = 20 | mg
. ~ . e P
_ " : :
528, VSN extract v 80 ml
3 TRIS ; i e . 1 W
Vgl 5 * Na,EDTA 5 ; ’ 30 mg
. 3. Trn - S wwge lo.s  mg
P w T M ging o . 0.15 mg
' > .. Manganese o . i 1.2 g,
- Cobalt - a = T ... 0.003 mg
5 - Copper B & o St 0/0012 pe—"
S Boron ' * ’ « 6. . mg
. Vitamin B ¢ . ©0.002 mg
o ) . - :
o ot i .
) 5 . Thiamine hydrochloride 0.5 mg
- ¥ 7T Niegeinie acid 0.1 mg

Tog A ER Calcium pantothenate ¥ Leo 7 0.1, mg jQ/g




. vag made up of elementslat 100 times the concentration given for the

327
. £ ¢
% P E K
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: Thymine . ’ .3 omg
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. 2. Sauj Solctiuh‘l ¢ &
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autoclaved to reduce fungal and.bacterial contaminants.

3. Tfice Elements s e e %
# - g w1 & % 2 2 !
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. . : A0g

cl

orides. Boron was added as boric acid. 1000 ml of stock soluéion

.. final medjum. _oml of this stock aolg:i n was added to each litre.

of heat treated seawater. . t =
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) -

Led.
. 4. Vita}:ﬂin B, -

A stock solution of } mg of vitamin By, in 500.ml distilled’
5 water was utilized. 1 ml of this solution was added to each Iitre of

seawater.

N 5. Vitamin Mix

- ~
. The vitamins given in the medium are those of the vitamin mix
" 8y of Provasoli et al., £1957)." A stock solution of 200 times the .
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-I. Iron EDTA solution

Ferrous ammonium sulphate

mg
%, 5 X ¢ 2
Disodiun ethylene diamine tetracetate | . 760 mg
_‘Distilled water: % w1 10000 ‘ml
ot s .
Fi 3 e S e
i 2. Py metal solution . .
. § i B . . e
“Boric-acid . ; S Ll g
- ferric chloride 60,0 . 50 mg
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¥ e > ‘ % -
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Distilled water ' . ’ ; 1000 ml
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y Vitanin g, - , 0 om
Thianine = ‘ * % 500 wg
Biotin ' . ; 5 mg
- . . » 1 = E
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3 : o 3 :
:  III. Germanium dioxide

1 g of germanium dioxide was fused with 2 g of potassium

- hydroxide in.a porcelain crucible and then dissolved in approximately
100 ml distilled water. The solution was meutralized with concentrated
hydrochloric acid and diluted to 1000 ml. 3 ml of the stock solution

were added to each Iitre of culture medium. CN
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" LIST OF LOCATIONS TROM WHICH SPECLMENS WERE .

EXAMINED, INCLUDING HERBARIUM MATERIAL . : X\
s
»

: AND PERSONAL COLLECTIORS "\

Each location and collection date is designated by a .. . .

station/date number. o B P 8
1 1

The spécies examined for each station/date number are designated 4

AtoG . to - g

A - Seagelia pylaisaei,
B1g Antitharmionplla floccosa
-, Antithammion eruciatum

ithamionstetragonum

Callithdmion. corynbos:
= Callithammion roseum .

G - Plumaria elegans |
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X o
3 ) "
- 1 ¢

Station/Date ‘Location - Co-ordinates | Date of Water|Species present

. Number » of Location Collection |Temp.
°C ‘[ A|B|C|D|E|F|G| t 4
Tia Highlands, N.J. " |40°24'N 73°59'w|  2-8-1874 +
2.1 _New York Bay - . L. g +
3.1 Staten Ts,, N.Y. «  [40°35'N 74°02'] 1850 +
¢ 3.2 : -] Fort Hafilton, Y. . 40°37'W74°02'%|  16-8-1892 . | X
61 Orient, Long Is. 41°04'N 72°18'W|  5-4-1914 | - + .
4.2 |, Peconic Bay, Long Is. 41°00}N 72°25'W)- 7-1880 + ,

-'5.1° Bridgeport, Conn. " 41°12'N 73°12'W|- : o + + :
Bl = Woodmont , Conn. 41°14'N 73°00'W|  19-4-1903° R 2 (
Tl Faulkners Is., Comn, . | 41°12'N 72°38'W|  11-1880 . BERE S .

81 \ Conenteut Ts), RI. | 2 N 71°20'W 3-1898 N HER

LT S Rrenton Pt., R.I. d | 71°21'W| 28-6-1965 | . ° + ”

+10.1 Negport, R.I. 41°30"N\71°19 "W} 1-1898 X || .
10,2 7 e o g - . . 12-1900 i +
‘10,3 B ) - 7-1905 [ +
1111 Martha's Vineyard, Mass. 41°21'N 70°50"W| " 21~7-1927 +
. “ >
11,2 A . /’ X 13-8-1952, + ¥

124 - Woods Hole, Mass. 41°31'N 7o°.l3§'w 12441922 + L

12,2/ i o ‘ ~23-7-1925 » + L {

131, Falmouth, Mags. . & 41°33'N 70°39"W| 18-8-1882 + s 0

13.2 2 ¢ ¢ s & 19-11-1969 ‘ + &

- 3 o g E
. \\
" B o F " L
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Water

Station/Date " Location Co-ordinates | Date of |Species present
Rumber of Location | | Collection |Temp,
" " 3 T A(B|C|D|E|F|G

28.1 . York Is., Me. 43°07'N 70° 36" 7-1894 #

29.1 Cape Neddick, Me. * “[43°10'N 70°36'W 2 +

30.1 Portland Hrb., Me. 43°41'N,70°18'W = 5 HHH |+

a1 Inner Mach Is.) Me. 43°45'N 70°10'W|. 29-8-1903 L
‘3201 Harps\‘:;ell, Me. * Az?i.smlzo“o,o'u . 16-7-1902 +

32.2 = ’ 7-1903 1+

323 N erasta +|

32.4‘ . J = 7-1906 + Lo

3.1 Popham Beach, Me. 43°44'N 69°50'W 8-1900 s +

34.1 Griffith Head, Me. 43°47'N 69°43'W|  2-5-1971 | 7 +

35.1 Grey Camp; Me. 43°8'N 69°39'W|  8-5-1971 | 9

36.1 , Eagle Is., Me. 44°12'N 68°47'W 7-1896 -

}&/ Mt. Desert Is., Me. 44°21'N 68°10W(  1-5-1971 | 9 | +[+
3 Culter, Me. 67°12'W -1902 [ +

- 41,1 Drews Hea({. N.B. - ASL'.D'U_N 66°44'W| 28-4-1971 2 35 3. k
42, .Pea Pt., N.B. aE‘oy_’N 66°30'W| 28-4-1971 T+ i

43.1 " Point Lepreau, N.B. . 45°04'N 66°28'W|-  5-6-1965 | |

-43.2 = Tl s-7-1969 o

43.3 . S 27-4-1971 4 +
C 46,1 Shippegan Is., N.B. . 47°45'N 64°46™W[  2]-6-1965 | T* + LS

€ee
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Station/Date Logation ' Co-ordinates  |Datewof |Water|Species ‘present
Number | , of Location _ |Collection |Temp.|—t -
- .. " S b R RG AlB|c|p|E|F|c
“104.15 St. Bernard, NfLd% (Cont.) . . [47°31'N'54°47'W 1-8-1971 | 19 + R
104316 B s ’ - ) ‘13—9—‘197‘1 16 | oleh ||+
104.17 " - . R TS TS T Y5 S T Y I Y Y S Y
‘10418 ’ T Jaseaz-r071 | hals| 4] | Jefe]+
106,19 + = . 15-1-1972° | 1.5| ||| [H|#[+
106.20 "o . o i . sis-2-1072 | 0.s| .+l |4+
104.21 : - ol | 10m3-2072 |00 | 4| :
105.1 Frenchuan's Cove, Nfld.. fure1sty sse2stw | 25-s-10707| 4 | '
1061 Grand Beach, NE1Y.” 47°07'N 55%30"% | ‘28-6-1971 | 9|
107.1 .- |‘Allan's Lighthouse, NEld. . [46°SL'N 55°8'W'| 27-6-1971 | & [+
1100 | Lannon Pe., NEld. . . 27-6-1971 | & +
2.1 : .. | Brookside; NElds -, 27-11-1972 [ 67|+
| sa " | saint Pierre, Fri. Jeca. 47w s6220'| 17-971044 | #
6.1 - | Norrh Hrb., NEld, 47°08'N $3°37'W |- 8-4-1969-| - + L
121.1 'La Manche, NEjd. - .. o [47910'N 52051 | 26-5-1970 | 4 | 4 | || |,
12210 Gull Ts., Nf1d. ° 47°15'8 '52°46'W | 19-6-1970 | 3 | 4 2l
126,15, " [ Bay Bulls, neld, B < a7017'N 32P47'W | 9-8-1968" 4+ /
17,2 - 4 ’ ’ - 26~10-1968 +
L1243 - L7 . o 30-3-1970+| 0.5 "# .
s e M 6-4-1970 | 1 |+
124.5° oo N o5 2= 19-6-1970 | 3 [ + .
N ) ;
Ty
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-,

Water

Station/Date -, Location ~ " Co-ordinates | Date of Species present
Number 3 of Location | Collection |Temp.
. = ¢ A|B|c|p|E|F|c
143.1 ‘Bay de. Verde, Nfld. 48°04'N 52°54'W| 16-4-1969 [+
143.2 | : 7-501970 | 1 | ++]
145.1 New Chelsea, NEld. 48°02'N-53°13'W| 11-7-1971 | 8 | +[+
1481 > | Southwest. Arm, Nfld: 48°03'N 53%9"W| 19-3-1972 | -1 +
9.1 Hogs Nose, NEld. 48°21'N 53°21'W| 19-6-1971 | 6. | -H -
150.1  , | Random Sound, Nfld. 48°00!N 53°48"W| 21-2-1969 | 1.5| .|+
152.1 Seal Is. Tickle, NEld. 48°35'N 53°45'W| 22-12-1971 | .2 | +
1531 svale Ts., Nfld. 48°36'N 53°46'W|  9-6-1970 | 11.3| 4| .
156.1 Newman Sound, Nfld. i8°35'N 53°47'W| 10-12-1969 | 2 | + 4
156.1 -Lumdsen North, Nfld. N 49°18'N 53°37'W| 13-7-1968 & +
158.1 Twillingate, NEld. 49°41'N 54°48'W| 12-7-1968 | | .| ++
158.2 o - .'25-7—1971 6 L H
159.1 Brent Cove, Nfld. 49°51'N 55°45'W|  9-7-1968 | +
160.1 s ' |*yild Bight, Neld. 49°38'N 55°56'W| 10-7-1968 +
161.1 Groais Ts., NEld. 50°57'N 55°38'W[ 23-941971 | 8 | +
162 f Goose Cove, NELd. |51°18'N 55°3&w| 16-7-1971 | 10 | + 1
4%¢." anthony, ‘NE1d. 51°22'N 55°33'W| 16-7-1971 | 7 | *¥
%4 & . : “%9-9-1971 | 6 |
164.1 Cape Onion, NEld: . 51°37'N 55°36'W| 17-7-1971 | 9 H
166.1 Eddies Cove, Nfld. S1°25'N 56°27'W| 15-75197L | L . 1

w
&
&



B .
" R !
Station/Date . Locatidn Co-bzdinates | Date of Water [Species present
Number of Location Collection- |Temp.

0 5 S o A[B[C[D[E|F|G
70,1, % Three Mile'Rock, Nfld. 50°00'N 57°45'W| 14-7-1971 | 12 +|+
L0 Bomné Bay, NELd. 49°36"N 57°56'W| 31-10-1970 | 9 +
sz - " TO 16-1<1971 | -1 + +
171.3 S 49°30'N 57°50'W[  6-2-1971 | -2
7.4 . : . = 25-5-1971 | 8.5 +
171i5 ' 26-7-1971 | 16 +|+ -+ |+
‘1716 N 31-10-1971-| * 9.5 Sl
171.7 - N % 26-4-1972 | 1 #|+| f+ +|
171.8 . wo, W ) 30-5-1972 | 7 +
172.1 Trout River, Xf, 49°29'N 58°08'W|  7-7-1968 “+|+
173.1 Bay of 151ands,£;z‘é1d. 49°07'N '58°26/W| 23-8-1967 +
173.2, 2-7-1268 +
173.3 ' . 15-5-1971 | % ++
174,177 | Port au Port Bay, Nfld. 48°44'N 58°50'w|  626-1969 | 11. |+
174.2 ’ . 1-8-1969 | 15.5| +
176.1 PinvargBay, Lab. 51°37'N 56°43'W|* 18-7-1971 | 2.5( +
178.1 ¥ Fisherman's Pt., Lab. 52°23!N.55°45'W| 20-10-1971 | 2.7 +
179.1 Cape North, Lab. {53046t se°30'u| 7-20-2071 ] 5 | 4 | ]|
181.1 East Sister Is., Lab. 54°16'N 58°03'W| 13-10-197: | 4.5| +
82,1 54°25'N 57°19'w| 15-102297T | 4.5| 4+«

.North Green TIs., Lab.

29

" e



, Station/Date : Location - - Cozordinates | Daté of, Water |Species present |-
Number - % * | of Location | Collectdon |Temp. :
@ ) : o, . o °c AlB[c|DlE[F|G
. 184.1  _. | Alliak Bight, Lab.  |54°30"N 57°23'W|15:10-1971 45|+ |
e 202.14 Wakehan Bay, N.W.T. ~ . [61°39'N 72°00'W| 5-8-1967 ) .
S0 |06 .| .S. Baffin Is., N.W.T. 62°49'N 69°50'W|. 24-7-1967 o+
205,17 S, Baffin Is., NiW.T. . |6aea7' 72822 30:7-1967 +
206.1 - Ricmgnd Gulf = |56°15'N 76°20'W)f*24-8-1920 +
207.1 " | Hudson's Bay - |ea. s5°n 28-8-1920 +
208.1 Grey Goose Is., Que: o |s3°ss'N 79°s4w| 31-7-1920 +
209.1° Long Pt., Hudson's Bay © o |52°45'N 78°52'W|  2-9-1920 -+
210.1 Murray Bay 2, 3 " l71°a5'y 93°55%W|  8-1-1941 + 6
. 2111 . Polphin and Union Strait 68°-70°N113°-
- = 3 s 118°W  |v14-9-1915 + %
S 212.1 Wollaston Land T- 0 69°-70°N115°W | 14-9-1915" | . + i
212.2 p 5 3 - 27-7-1916 |, ¥
. ‘ Aldska s e . |69°35'N 163°27' ™ .
. . W W +
Noug} Alas. 64°30'N 165°30"| ° .
% - . W | 20-9-1919 e RS
Uyak Bay, Alas, - - 57°30'N 154°00" ’ 5 b
i g % . . . W | 23-8-1899 + p
N . Chignik Lagoon, Alas. . 56°18'N 158°27" L
= = W | 23-7-1911 + @
Upernavik, Grald, - - . |72°50'N 56°00'W| 18-7-1886 +. i &




Station/Date Location ‘Co-ordinates | Date of Water |Species ‘present
Number - of Location | Collection (Temp.|—
= )y # L A|B|C|D|E[F|C
240.1, Eastern Greenland 24-7-1889 +
261.1 \Kangertirvatskig Fj., Grnld 66°17'N 35°37'W|  6-8-1971 +
262.1 Ikerssuaq Fi., Grald ° 66°40'N 34°36'W|  22-8-1971 +] ]
247.1 VeStmannaeygar, Ice. [63°25'N 20°15'W| . 14-5-1897 +
248.1 Reykavik, Ice. 64°09'N 21°58'W| 31-3-1897 + ’
248.2 : ) 14-4-1897 £
‘248.3 . % 7-8-1897 |+
249.1 Vidhey, Ice. - |64°10'N 21°51'W| 17-4-1897 +
250.1 Dyrafidrdur, Ice. 65°55'N 23°35'W| - 30-9-1896 +
L 251.1 Gridtnes, Ice. 66°28'N 16°31'W| 26-7-1896 +.
252.1 Seydisfjordur, Ice. * 65°16'N 14°02'W| 15-5-1896 +
256.1 Fuglefjord, Faer. 62°14'N 6°49'W| 19-5-1885 H
257.1 V8o, Faer. 62°05'N. 7°15'W|  4-6-1896 +
258.1° Petethead, Scot. 57°30'N 1°46'W ) +
259.1 Aberdéen, Scot: 57°10'N 2°04'W 4-1847 +
260.1 (Earth of Forth, Scot. ca. 56°10'N -
B % " 3°00'W 8-5-1885 +
262.1 Kiel, Ger. 54°20'N 10°08'E 8-18%0- |
263.1 Langelands Belt, Den. 54°50'N 11°00'E[ 20-5-1895 4
264.1 Gilleleje, Kattegat, Den. 56°08'N 12°19'E| 6-8-1913 H
. - : . ¢

ave
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APPENDIX ITT
. 3
MORPHOLOGICAL MEASUREMENTS UBTAINEDI FROM HERBARIUM
* MATERTAL OF SCAGELIA PYLAISAEL

Abbreviations are given as in Materials and Methods.

" Herbarium:
- The fumbers i where present, are Herbariim Accession *
nubers. S s,
. Four spgcimnis' S b esi tocuaes vere exasineds
¢ .0 Ny! Phycotheca-boreale Americana #42, s

. NY? Phycotheca-boreale Americgna #1110
NY! Phykgtheca Universalls .  #501 =

NY Phycotheca-boreale Americana #1661

AW Annot. No.:

Personal annotation number. - .
V. " 3

Measurements: All’'measurements of cell size, atsm&mn‘of‘

. whorl branchlets and glatd cells were obtained by .

+7 the methods described in the's. pyzm.a,m section:

Marphological vat}ation in herbarium material.

PuD:W.B.A.C.: Percentage distribution-of whorl brascleta per

. axial cell, i

‘w(Cland Cell: -+ = present but less than 1% B
n:yLS : T= da . $

. long gxis x short axis.ym

- : Dev. = developing. . i

o




J:

p = pylaisaei

" pab

yte with: mature

M = spermatangia

‘8 = sterile .

Original identification ‘appearing on the herbarium shest:

americanun =
boreate il
boreale f. comlli;uz »
c;?ciatwn ¢
Floceosum

i

saei americanum boreale complex
T pl = p‘lumula boreale
3 . i -
sp. = no epithet..
“ : g
7 B

349




-
N st;iion/ Herbarium |A.W. P.D.W.B.A.C. A'xial °© |Whorl Whorl Gland|Reproductive|Origindl 5
Date " Annot. Cell Branchlet |Branchlet | Cell|Structures |Identification
Number . No. 2° 3.4 Basal Longest >
- Cell - Cell .
wo .| \m :
INY 516 78 22 1350 x 100{ 40 x 20 30x 8| 9 |T60x40 P
NY | B 508 86 14 930 x’l‘lO 40 x 20 60 x 30 | 10 |C P -
wy! . 547 . |100 | 500 x 48| 60 x 10 | 100 x 8 | + |T 40 x 28 & "
Ny2 545 - 1100 . |1150 x 130 110 x 40 160 x 36 + |T 68 x'52 a
NYZ 546|100 700 x 80| 50 x 24 | 130°x 28 [ + |S . : a
N | 543|100 900 x 100110 x 12 | 160 x 16| + |T 60 x 40 ¥
NFLD 6401 | 716 (100 ° 900 x 70/100 x 10 120 x 8 .+ (T 60 x 30 a
NFLD 6400 | 807 (100 . | 950 x. 80| S0 x 15 | 160 x 15 | + |T 60 x 40 a
NY 544|100 . 1250 x 110/110 x 30 120 x 20 + |T 62 x 42 a
S 18.3 Ny " 520 (100 800 x 150| 70 x 35 120 x 40 +- 18 . o
: s 511|100 1000 x 70150 x 50 *| 110 % 30 | + |T 50 x 45 a
. 18.5  [ny? . 542|100 1000 x 150| 90 x 25+ | 150 x 25 | "2 |s a
1?-5' i NY 501 25, 75 ! 11.]00 x 150] 70 x 30 9100 x 25 6 |T 62.x 43 ° P -
18.5 NY* i 515 78 - 22 950 x 150/10p x 30 120 x 30 7 [T 56 x 44 ?
20.2 NY 509 70 30 700 x 110 70 x 40 100 x 35‘ + (S P
‘ 21w 0 x 150| 60 % 30- | 120 x 50 |-25 ‘| . 5w
. 211 . vy 502 ) x 25 x 20 60 x »
23.1 NY 3 40 x P
3.2 (W 506 1000 % "110{-85" 120 x 20 g
o i
By #

0s€
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. Station/|Herbariua |A.H. |P.D.W.B.A.Ci|Axial Whorl Whorl Gland|Reproduct ive|Original .
% : |Date . |Annot. “|ce1r Branchlet |Branchlet | Cell Identification
“|Number No. 3 8 4 Basal Longest . 2
| . . Cell cp11 . 5
um 3| e | w ] aq ’
g s2.1 - [Ny 504|100 650 xk;o 80 % 40 | 125 x 18 | +-+|T 45 x 2t c
55.1.° [NFLD 6408 |-728, [100 - 1200 x 320/120 x 40 | 200 x 60 + [T 50 x 4 sp-
1 s NFLD:6473 | 729 [100 800 x 100 50 x 15 100 x 15 4 |10 x4 ? sp.
. 58.1  [cama 7417 E : ) X
9 s9.1. oac.4231. | 347 |100 580 x 120| 60 x 30 ‘8 [Teoxso | sp.
< 1592 |oac 4227 |15 | 43 57 © |1020 x-100| 60.% 20 + |t 55\x 40 sp.
61.1 |qac 4034 | 341 | 91 9 800 x 100| 80 x 40 ‘s ‘. so. |
il era feac 2662 | 378 |61 39 .| 700 x so| 50 x 25 i3 [c T s o
62.1 [Ny 316 | 80 20- (1000 x -80| 80 x 20 12 s ol . B
| 62.2 |camassaz | ’ | [ P
631 oacsas | 374 [s0 50 4’350 x 40 25x 10 | s0x1s | .+ |T40x 30 sp-
©. 4 64l |oac 366 | 50 50 750 x 80|10 x 30 [ 200 x 35 [ + |T 40 x 35 e
.| 65.1 , |oac'ag1s | 365 | 42 58 450 x 210 -6 |c I e
66.1. "|oac 3609. [‘382 | 17 83 800 x 120 16 |s © s
4 '67.1 |qac 2172 | 369" [-B8 “12 1800 x 100, 2 [T35x25 sp.
® g7.1 [aac 753 - | 363 | 62. 38~ | 600 x 100 12 Is Y sp.
69.1 N - 503 [ 70 30 . | 850.x 150 + s sp. .
701 |oac 4261 | 362 7| 90" 10 650 = 80| 5 |s < sp.
711 |oac 5852|423 |36 54 - | 110 x 28 1258wy * ° sp.-

4314



< y §
f ;
Station/|Herbarfum |A.W. |[P.D.W.B.AlC.|Axial Whor1’ Whorl Gland|Reproductive|Original ol ==
Date Annot., “|cell "¢ |Branchlet |Branchlet | Cell|Structures |Idemtification
- Number No. 2 3 el asal Longest - 5 B, s
. d jeell , + [cell
' ® I . um 1o Hm % |
711 |oAc 3610 | 364 |29 .71 ° | 600 x . 80| 60 x 35 | 85 x'30 | 2 |¢ " sp.
< | 712 |qacssso | 395 |33 67 990 x 110[150 x-28 | 150 x 28 | 3 [T Dev. sp. '
71.3  |qac 197A | 400a | 41 59 933 x 118| 56 x40 | 110 x 45 i Aqs- 5 sp: 5
72.1  |oac 15a | %01 | 82 18 1120 x105( 80 x 45 | 100 % 35 | 4 |s N sp.
72,1 -loac 748 | 4027 | 52 ‘48 940 x 120| 657x.30 | 100 x@5 |, 5 [s sps
722 fqAcasuta | 381 |68 32 .| 300x 80 40x25 | 87x20| 7 |5 s b
Lo 7307 Joac 382- | 412 | 67 33 - 1450 % 100| 90 x 20 | 110 x50 f. + '|s - sp.
73.2. |qac 1512 | 413|100 800 x 50| 60 x 25 | -75x'35 | abs.[s" sp.
%+ 7303 |oac 2196a | 3917 (100 " | 500 x 100| 60 x 25 | 200 %25 | + |T60x30 e
" 74,1 -|oad 126a | 419. | 67 33 - | 810 x-128 50 x 30 80x38 |12 |s
761 loac . 3%a |- 348 | 62 .38 1500 % 130|110 x 40 ox20| +|s
) Y742 Jeac 3924 | %16 | 86 14 772 x 122 60 x.20 | 70.x 30 | 4 s N
& 74,2 |QAC. 394 . | 417 | 86 14 7| 772.x 122] 60 x 20 | 70.x 30 | ‘1 |$§ y
74:2 0 |Qat 391 '} 336 58 42 11200 x 100] 50 x 25 50x20°|. 2 |5 .
| 75.1. foacs241t | 353 | 48 52 " 950 x 100{ 70 x 35 | 70x30 | +|s .
[.75.2° “faac " 107a | 400b | 84. 16 1020 x'128{ 70 x 48 | 100x30 | 4 |s .
75.3 |qAC 5243 | 360 | 9% 6 %50 x 60| 60.x 25 | 200 x35 | 7-|s
O 76,1 |qac 2031 | 377 | 69 31 [1200 x 60| 50 x 15 | S0x.20 | 3 |s b .
76.1 _|qaC 6299 | 355 | 75 25 - 400 x 10065 x 20 |. 66 x 25 | 6" |T 45 x 35 el 3




i & ' % o " ; e g e g
! ~ ’ ,'; . % . - A ' . ¥ 3 . / * T j -
: " § ™ . N P o 5
R . s . p ; i
“Istation/|Herbariun |AW. . Whorl, [Whory  |Gland|Reproduct v ortgtnal .. 1% T\ p
ky | pate u e |Annot.| - loest | |Branchlet |Branchlet |Cell [Structures' [Identificationly !
LR Number * 5 . No. * TYE ¢ Basal Longest . § i . % 8
iz g . i . N cell | cell | C o F ey BT gL
o 1 R LI Y ™ %5 %, By \
, Tl 7e1, |aac B 354 |66 34 x20,'| .30 X155 . :
S o 57| 7646 TOAC ‘x 25 | 100 x 30 % B
T e feac x20 | 150 x 15 | + e T
T TR feae x25 .| 100 %25 | 8" :
L 77.2 . |qac ‘x 20 .| 100 x 30 [+ s ‘ : .,
' 77.2- [qAc," x25 | 6ox2s [N ][s ¢ 7 spa i -,
: 7.2 |oac x40 | 80 x40.| 6 . |T60x%40 " sp —
, 7z faac %307 | 120% 30 T+ 4s o, ] sp.
~oa 0| T2 Jeac * 30 80.x35 ) 2. |s - i
. 7.2 7 |aac x40 | 120 x 30 [10 [T 50% 35 - : E
! 77.3 | |qac’ x 25 | 100 x 30 s o ;
. T4 |QaC x 20, 80 x i‘s T . .
.- Rs.1 i |eac x %6 | 116 x 31 i
B 191 - fic s 7| 343 s 16 x20 | 100 x25 7l
7971 |QAC 4295 359 [.92 8 *x15 | 100.x 12 |,
. 79,1 . |qaC z.ﬁzk 357, | 91 9 x 25" 1100 x 25 K
L |79 laacams - | 418 |82 18- x 20, | 140 x 18
W T 791 |eac R 0% 8 ..
- 455 Y01 (qu 4310 °| 364 110-x 15 g




7 . ’ g Z ‘ ¥ o>
3 d ¢ s §
LR i . “
y - . -~
- |station/|HezBarium Axial . [Whorl imorl . |Gland|Reproductive|origihal K,
L fpate T T Cqgl . |Branchiet |Branchlet |Cell |Structures. |Identificatiod)
Number | © - . b Basal ongest |- -
) & 2 E = Cell -+ [celld. . }+° B . =
s | ; s fms o hm U . g
qhc-4320 . |35 .|i00. . | 700 % 70| 40x25 | 90%15] 5. s T
Qac 1496A | 36 | 4060 . | 600 x 1001 80 x 30 [ 110 x50 {10 |s ! = s
Qacsose - | 396 (100 "l .| 840 w1876 x 27 | B5x20 |70 |5 .~
QAC, 5904 . | 403|100 1090-x 118/100 x 20 | 180 x 20 [ 2 -|T 50 x 35 sp. |
QaC 23744 | 387 -l 4s0.x 140] 70 x 20 | 100 x 25 |27 [s . “Fesw *
Qat - . | 337 0 , 650 x 40|20 x5 0% 518 |s B £ .
QAC 23604 | 390 {100 - . .,[1000'x 70} 60 x 20 | 100x20 | 3 S - fa
toac 12164 | 408 |88 12 | | 630 x 98| 35x 28 | 60 x-40 (13 J& T sp 5
Qac 414|100 1990 x 120 .50 x 30 | 100 x 3 | + |5, - b
Qac 9264 | 41L. | 85- 15 '+ | 980 x 85| 70 x 25 | 140'x 22-|16 |S " sp.
QAC 9284 | 410 .|100 |-920 x 98| 60 %,12 |120x20 |9 |s sp. 7
Qad 10624 | 409 56 & | 780 x'100| 60. x 20 90'x 20 14 |S, sp. =
Weip 6787 | 845 | 68 327 41000 x 120] 60 x'20 | 120 x 20 | 4 . [T Dev. . se. Y v,
NELD 5766 | 777|100 - f 600 %140 40 x 15 | 80 x20 (10 [TDev. - . b "7 .
“|nep wss6 - | 768 | 94 "5 | 420 60| so.x20 |T00x12 |+ cl6 T b )
NFLD 4691 | 772 |100. T+ |.600% 75| 80 x 8 L 70% 7./ 2 +|s > 3 '
NFLD- 7254 < | 704 - |.83.17 250 x 70[ S0x20 | 70x15|3 " |s B
NFLD 4723 | 766 | 82 18 380 x ‘40| 50 x 20 | 80 x20 |7 s )
NFLD 5499 | 809 {100 “v 400 x 70| 40 x.16 | 80.x 25 |32 +{s ; <




S Station/|Herbarium Whorl ! . |Wherl ‘Gland| Reproductive|Original \
g Date S Branchlet |Rranchlet [Cell |Structures |Identification|-
s Nwber s Basal _ |Longest P A £
£ = 5 cell * |cell
\Aq . o um “pm 4% N
>| 99.2 - |aELn-s4ss 1 100 x 30 | 250 x 20 fabs. '|s s b
\|101.2 ¢ |NFLD 7018, | 856 ' |100 350 x x25 | 100x 20| 5 |s sp.
2013 - [iELpig2ss | 705 .| 100 800 x-}\.o 126x25 | 4 - |T 8o x48 | sp
& . |1on.4” |wep 736 [ 7337 (1007 - |1200 x x20 |120x20 (12 [s° 0 sp.
gt 11,5 w722 <l734 100 | s00x x78 80x30 (13 4s sp.
. 02.1., |WFLp 6448."| 850 100 “ | 0= x ts- [100x1s |6 (r2xis [ e
.ot 0 w3 c|wrps3o7 77s6 . d0 20 | 700 x x| Jox40 |+ |T50 x40 b
< |w03.2 |nFp 6397 | 783 | 13 87 - | 700 x 0 x 80 - 100 x 70 |+ |7 50 x 30 b
W 1(24.1." WELD 4324 | 763, 100 300 x 60{- 30 x°16 x + x 36 b
 e|wo4.s  |WFLD 4325, | 764|100 > | 500 x 100| 80 x 15 % 7 b
fr = " [106.9.  [NFLD 5198 | 774 |00 L 4 = "350 x “80|.70 xR0 x 6 > fp
2 . |104.30 {wELd 5332 a795- 93 7 1100 x 15040 x100 l x 40 b
<. - |01 |NeLD s404 0790|100 500"x 160| 70 x %0 - b
™ |104:13 |yrLp 8sé2 | s10 |100. . 900 x 150|100 x40 2 x30 | sp.
” .<|106.15 | |wELD 7026 | 844 1o - 900. x 150| 75 x.20 , T 40 x 30 " sp.
! 104.21 ° |yEED 6089 | 722 [100 . 650 x 150( 80 x 60 % sp.
112.1° |NFLD 7321 | 723 [100 _ - | 700 x .80| 50 x/15 f 150 x 15 5 T sp
¢ _116'..1\ NELD 2728 757 . 1BL' . .| 600 x 150| B0 xI25 100 x 25 | c . ) H b z
T, -1 [wrmp 4ise. | 7ss 100|700 x200) 80 x40 |20 %169 Fs T op
. ; Y : :
N .

95¢



’;a:ion[ éa_rbgrium _|aw. |P.p.wB.ALC. | Axial | N\, |Whorl orl Gland Reproductive|Original
Date - - - 4 & 3 Branchlet [Branclilet |Cell [Structures Identification
© I Number s 34 * |Basal Longest v ot
. ) i Cell Cell g ™
\ - ) o N pm “um ” o % o
: 122.1. *(NFLD 4158 | 744 100 300 % 100[-50 x 15 |-100 x 40.| & - |T 48 x 25' P
S 124.3  |wELp 4008 | 814 | 9.91.. | 800 x 150| 80 x 60 | 120 x 60 [abs. |T Dev.: & -
© b |124.4  |NFLD 41647 743 | 70 :30-| 800 x 200| 80°x 30 | 130 x 30.[12. |z 50 x.30 b |
. |124.4  |nFp 4164’ | 747 .87 13 [ 100 x 40| 50 x15 | 70x30 | + s b F
NFLD 4157 | 5285 ;89711 | 650 x 200| 80 x 40 | 120 x 50 | +. |7 44 x 20 Ve
NFLD 4154 - 537 | 10_0 500 x 150 40 x 20 100 x50 |16 “lracx o - P _P ” .
. NFLD 5672 | 784 .| 72 .28 350 x'200| 50 x 20 | .80 x 20 [ 9 |T 48 x 40 ®
NFLD 5682 | 785 | 44 56 150 x 60 | 40 %16 64 x 16.[13  |se ‘b -
NELD 4735 | 767 | 60 40 400 x 100 86 x 35 | 100 x'40 | 6 7 [T 50.x 30 b .
- InFLD 4658 | 770 | 60 40 650 x.120| 80 x 40. |"150 x 40 | + [T 64 x 48 v
124,14 [NFLD 5323 | 797 | 9 91 350 x 710 24 x 24 | 80x20 |6 |[s b
P Jize.e jwEd 535|793 | 100 650 x 150 "60.x 45, 3. 8 |T40x32 L £
“+ 7 1124018 - |NFLD 6396 | 782 [ 21 79 600 x 150| 80 x 50 | 80 x 40 | 9 |T 50 x 40 b '
o7 Ja24.20- (NEch 63907 | 749 | 32 68 700 % 150| 48 x 32 |- 88 x 48 {14 |T.50 x 30 13
! 124,20 |NFLD 6390 | 749 .| 40. 60 | 600 x 100{ 80 x 60 | 100 x 60 |10 [T .44 x.32 ' P
. |i2sce1” |wELD6477 | BS2 100 700 x 140[-75 x 30 1 100'x 40 [14 = |T's0 PEVI 8P~
“. 7 |124.23 |wep 7019 |"ess | 60 30, 500 x.108( 70 % 30 | 100x 35 [21 |5 sp-
© J126.26 |wrLo 7266|717 100 300 x 100[-50x 24 | 80 x'28 |5 |T 80 » 56 s,
PRI ‘ﬁn.? 7332 | 752 {50050 |400 % 90| 50 x15 |*7oxi0.|2: |t Aog’zz‘ T 8
A L™ fa ® .
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PR o v S~ :
y %
e
_ . |station/|Herbarium . |A.W} Whorl  |Whorl ° ‘Idiand|Reproductivé|original
. |pate R Annot. Branchlet [Branchlet (Cell |Structures |Identification
Number |- - |No. Basal |lLomgest 3
. o . Cell ™ ‘leell. L. .
. ! . i mo Hm % |
124,28 |NFED 7237 | 753 | 21 .79 - | 550 x 40| 70'x 35 | I20 %40 | + |1 5 1D
' 128:1  [vFLD 914 | 804 | 100 " B0 x 120]100 & 20 4| 60 x 20 [15 " s a7 e
~|128.2 |nfLn 938 | 803 | 67 33 420°x 110 50 x 25+ |- 80x 20 [ 2 * [T 50 x 40 |- sp..
. |128.3 " [wrpios1 | 700 | 90 10, %1000 %50 | 70 x 20 | 100 x 20 | 3. |7 40 x 24 E
“ Juze.s’ |weo s00s | 811 |22 78 | 556 x120l.80 x 55 | i20x70 |6 |co ) t5." .
128.6 °(NFLD'4160 | 746 |30 70 | 700 x ma;p x30 |:150 x 60 |17, [T50x30 | :.p e*
" |Be.7 " wip 5337 {795 38 62, 500x120{ 90 x40 | 90x30 |11 |rev. .|
789 S L) 550 x 200|- 35 x 20 60 x 20 |11 . 's b
5 792 507750 | 900 x 150| 60 x 40 90 x50 {10 s b
750 .. 100 . | 950'x 200| 50 x 40- | 70 x40 | 8 |7 48 x 40 P L
702 90 10.| 320 x 110] 80 x 25° | 120 x 9 . {reoxso | .ep. /|
. 754 | 20 80. '500 x 180| 60 x 36 100-x 24 (17 |c P 5
4 790 | 71 29 | 500 x 120100 x 50 | 150 x 40| 7 |5 e
) 721°| - 39061 | 380 x 120] 50 x 40 100 x40 | 7 .[s - spae ‘
788 8 8 B |1200 x 140| .50 x 50 | 100 x40 | 4 |T 60 x 40 b 5
715 {6139 900°x-150| 60 x 30 | 100 x°30 [ .3 |T 60 x40 " s
. _939 158 42 800 x 150| 80 x 2% | woxe2s |4 |1 60 % 44 B
« 758 | 88 12 "420°x 100| 60 x 20 s0x25 |5 |c 0 S
& 8137 [9%’ 7. | 700 x 120 60 x 20 100 %20 |abs. |abe.” | e g
s 59 3 . 2 E «




s 2 a 2 . E
& o N —4 i * g . L
N . ! w
Stati0aH| Herbarium - | A, P.D.W.B.A.C.|Axial  .|Whorl® s |Whorl Gland|Reproductive|0riginal
Date. _ . |Annot. . Cell Branchlet ‘|Branchlet' |Cell |Structures. |Identificatfon|-
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