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Summery .

Developmental and cytological studies in the

Fhodophyceae. :
vy | |
Fred Wilkinson Knaggs. |
N |
The present studies have been concerned with the ecology,
';
morphology, cytology, and life~history of two embers of the genus
Rhodochortons R. floridulum (Dillwyn) Ndg., and R. purpureum
(Iightf.) Rosenvinge, both of which are of common occurrence on the

shores of Britain.

Rhodochorton fioridulum.
The generel ecology of the specles was investigated at two
sites: Axdneil Bay (Ayrchire) and Portmahomack Bay| (Easter Hoss),

and compared with that observed at other sites in Seotland and
Englond. Theae surveys were found to correspond wjt‘bh published
information concerning the scology of the specles i\‘: other parts of
itz geogrephical distribution., It has been observed that the

morphology of the species is subject o environmental contyol and

three distinct ecological forms can be reooe.niaqd:’ thé mound form,
typically found on rocks in the mid=-littoral regi'on} of gently sloping,
sheltered pand beaches; the low-lying mt form, commonly found at
low water mrk and bhelow, as well as on more expoﬁse}d shores, and the
pendant form, confined to vertical rock surfaces ix;} sheltered

]
!
{ [



ProQuest Numler: 10647689

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10647689

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



localities.

The specien has been found to be more moyphologieally complex
than had previously been thoupht, and bremches of specialised
function, responsible for the form and compactness of the plant as
well as its abllity to bind sand, can be recognised.

The species hag been cultured under controlled conditions in
order to provide a continuous supply of material suitable for
cytologicel examination and to enable the investigation in vitro of
the lifeshistorys It has been cbserved that under certain conditions
of wlture which promote vigorous vegetative growth sporangial
depeneration oceurs, and prellminary experdments have shoum thet if
the cultures are scpeened with solutions of various dyes this
degonexation may be prevented. This suggests that certadn inhibitory
wavelengths of lzlghﬁ aré present in the inclident radlation, posad.bly
wavelengths in the reglon of 515m since eosin yellow which abmorbs
styongly in thio region has heen shown to be affective in preventing
degeneration.

The germination of the tetraspores has been followed in culiure,
The mioroscoplo plants which they produce are dicecicus and bear
sepun) organs simllar to those of other Florideas. Althowgh these
plants remain healthy for mony monthas fertilisation does not appear
to ocour readily under the conditions of culturs and the form of the
capposporophyte 1s consequently unknown. It is of interest that in

extarna) form the plants are similar to certain species of

Acrochaetium, though the chromatophore is of the type characteristic




o

of Re Flovidulum.

Taing acetocaymine as a mclear stain the nuwber of chromosomes
in the cells of the tetrasporophyte has been shom te be dn the
reglon of 20, and meiosis bas besn observed in the formatlon of the
spoges.  The nuclear cyele is therefore diplohaplontic.

The lifewhistory may be of an unuenal and unrecorded type -
involving a diplohaplontic nuclear cycle and a trimorphic somatic
cycle. If the dlecovery of the carposporpphyte confirms the existence

of such a oycle R. floridulum cén he placed cloge to thal proup of .
algae-havingla similaxr nuclear cycle together with a dyphasice somatic
cycle (in which the tetrasporophyte and the gametorhyte are
morphologleadly similax), | It 18 poseible that elther of these

life~hintories represents the evolutionary precursor of the other.

Ihodochorton purpursum,

R, _purpurenm has been described by earlier authors as ccouriing
in a number of ecclogical forms over a wide range of ecologleal
sonditions, - The present study has confirmed the ecological and
morphological adaptability of the specioes.

The forms studied in the fiald bave besn culiured in the
Jaboratory under conditions similar to those developsd for
R, floridulum, and it has been observed that under constant and
identical conditions the forms wndepgo morphological modification
such that the ordginal differences hetween them are prograssively

reduceds Tho reoult of these changes s such that smaller forms,

e.5e forma purpureun and globosa develop characters edmilar to the




larger forma intermedium, The smaller forms may therefore be
considerad to be ecologfeally stunted rather then genetioally
determined. . Sincé it has haen observed that featwres such as cell
length and breadth, branching aed the presence or abssnce of
tetrasporangia my be influenced by culfsuré, these features appear
o be of little value as taxonomic chavacters withiin the group,

' iThe chyomosome complement of tho somatic cells of the |
tetrasporophybe has been shomn to be in the veglon of 20, vhile thak
of the cpores is half this uumber. Tt sesms Iikely, therofobo,
thet reduotion dvision takes place i the spoxenglum snd that the
ruclear cycle is diplohaplontic.

Only the early stiges of spove germination have beown sven and
conmegnently the natuve of the plants to which they give rise is -
unknomme It seems likely however that they will be morphologically
dissintlar to the tetrasporophyte so that the life«~cycle may be
similar to that of R, flovdduium,
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General Introduction,

Thore are many examples, especially in northexn ﬁaﬁém ? of mapine '
algae which are; or which appear to be, represented by only one phase in
their 1ira«§iatury; freguently the tetrasporophyte. Two sich alghe are
the conmonly occurring members of the genus Fhodochortons Re floiddulum
(Dilluyn) Naeg., end B, purpureum (Iightf,) Rosenvinge.

The present investigation wag urideyrtaken in an attempt ) elucidate -
the life~history of these two species hy'dqterminiﬁg= (1) the chromosome
numberfex the tetrasporophytes (2) whéther or not reduction division
takes place durdng the formation of the tetraaﬁﬁr§$$ (%) the nature of
the phaﬁ‘e pradiced by the geminaﬁng sporea.

At Krishnamuvthy (1959} has pointed out, the lnvestigation of the “
TiTesbiastory of an alga should comprise two sections: firstly inxbrmatian':
concerning the seguence of morphologlesdl or sematic phases, and secondly
information reparding the number and sequence of the related nuclaay
vhases, In addition Drew (1955) hag drawn attention to the need for
information concerning the relation of the plant to its environment.

The present study therafore includes the ecology, morphology and

eytology of the tetraspovorhybes topether with the morphology and cytolegy o

of the phase produced by the tetracpores.

Rhodochorton was established by Haegeii (1862) as a member

The genus

of the Ceramiales and included only the two specles mentioned above. In

the same paper he introduced a sacond genus, Acrochaetium, which he




considered closely related to the freéh»tatier gmus M&ms&a. As
noted by Fapenfues (1945) a.na others, the chamctera which he employed
to aepamﬁe the twc- g&nara are now known to be untenable and this haa |
rasulted in varinus rearrangementa of claasificatiﬁn and speezﬁc intor-
ohangna hetwem the two. Hamel (1925} nas the ﬁrat to consﬁ.der th&t
the 3mam mi.gm ba cloaely relahed and ha bmught; them together in the

featily Helmin ‘hacla '.'.acoae, although he adms.tteé tbat the correct taxonomiak. ':"f';:

status of &odoohgggon wulci rema;ln uncerta:tn unts.l the discovary o:‘ tha
femile organs of reproduqti.m. m'ew ( 1928) mrged che two genera mdax
'the name o:ﬁ mmdochoz:ton heoause she could t‘ind 5o aemu chamctera an
_whﬂ.ch to separate them. Later I@rlin (194‘#) and Papanfuss {1916 and 1047)
split the modochorton«ﬁcmo aetium complex into four getmm, 'but their
new genera are not identic#l. As regar&s Rhodcchorton, Xy}.in (19‘*‘}) ‘
retained it in the M while Papenfuss (1945} on the othar b,and
ratumea it to its or:kginal position in the W. Other authcrs,
©els Feldmann (1945) and Taylor (195?) place the ganuo in the wo_m_lgg.

R._floridulum was first desoribed by Mllwyn (1802+1809) under the
name of Co n&m floridule and transferred to the genus Callithasnion by
Agardh (1828) before belng dncorporated in Nasgeld's Bhodochorton vhere
it vemined ant:!.l Papenfuss (1945) transferred it fo Chromastrum Pgpenfuss
(later (I’apanmss. 1947) renamed m Rosenvinge). in the samélyaar
-Feldmam (194,;) included the species in the genus nhggoi: ep.a Feldmm.

However, most workers, e.g» Dixon (1961), Fetain the old pame by




which it ds probably best kunown, aﬁﬁ for thiz reacon this is the name
which has been adopted in éhe pfeéent mr'l':q'
(2) R._ purpureum, |

The nomenclatuve adoi:ted in tize present work is that proposed by
Papenfuss (1945) subsequentiy adopéred by the majority of later suthors
o+g» Foldmonn (1954), Taylowr (1057), Iund (1959), and Jopde & Klavestad
{1963). In his papér Papenfuss {1945) chowed fhe rspeéii‘ic name !mi
by which the species was orisinally known, to be invalid since it was
applied to a species of qu_zfam by Turton (1806) who proposed the name
Gonferva Rothii as a ‘aubét:itute foy Ceremt u;ﬁ 5_!.- 'pié.daﬁm_ Roth, which is a
spacles of Folysip hqri:!.ai and not for Canfef"r'a‘ violaceae Roth (179?:), which
is a speoies of Fhodochorton in Naegeli's sense., " For veasons which
Papenfuss (1945) explain, Dillwyn (1802-1809) believed Conferva Rothii
{Turton) %o be o subat:ituté for Conferva vioclaceae Roth and later authors
adopted Dillwyn's nomencl.atura.‘ In rsmaming' the species 'W'
Papenfuss (1945}, in agz-eelment' wlth Hnrvey (1346) and other older authors, .
believed that the plants commonly kmown os Riodochorton rathii (Turton)
Naeg. and mmdoch_o_rtén Eu:fgu_r: eur (Lightf,.) Rosen'ivi.nge are the same specles.
Thig asspumption canﬁdt be verified since as Dixbn (1959} has shown, that
portion of the Idghtfoot herbarium containing the type specimen of

Re purpurewn (stgﬁs'mggurea. Iightfoot 1777) has not yet been traced.
However, to avoid confusion, the current terminology has been adopted in
this work.

Other species of Bhodochorton have been considered synonomous with

R. purp ureuns




perasiticun Betters (1896), considered eynonomous by Jonamon (1902).

R dnbermediun Kjollman (1885), considered synonomous by Jonsson (1902),
Horgesen (1902), Resenvinge (192524 1926}, and Iund (1959),
Ry dslandieun Rosenvings (1900) considered synonomous by Borpesen (41902).

It way be that B blsporiferun Bazrdseth (1941) is also synonomous (psiX )




PART ONE. RHODOCHORTON FLORIDULULI




A, The Goology -of Rhodochorton floridulum .




Teology s

An ecological survey of Rhodochorton floridulum was undertaken in
order to provide information concerning possible differences in the
ecology, morphology and reproduction of plants from different habltats
and geographical locations within the Brd tish Isles, attention being also

paid $o the ecology in other partes of the geographical range as reported
Tn this thesls the tem agsoolation has been uged for & commmity of

algae in vhich fvo or more species are coedominant, The tem commnity
bag been applied when only one cpecles is dominapts

Geopraphical distribution,
The specles has been tecorded from the coamts of the British Isles
as far north as Sheétland (Holmes and Batters, 1892 Patters 1902; Invine,
unpublished). It e also present on the north coast of Prance as far
eagt as Cap GrlselNezs (Leblond in Hamel, 1925}, and on tho west coast os
far gouth as Guethary (Sauvagesw in Hamel, 1985; Davy De Virville, 1962).
Cutside this area the speciés has been recorded from one loculity
only, Triston da Cunha (Baardseth, 19%41).

Rrevious ecolon

cal obeervationa. _

Fravious enthors, notably c&tton (1912), Rees (1935) and Blackler
(1951), have deséribed the occuprance of the apecies in o variety of
hahitats, both in the littoral and the sub=littorals:

1« As a constituent of the underflora of the dominant Phasophyceas,




oceurrdng under:
Hweus gpiralis
Ascophyliunm nodosum
fucus vesioulosus
Leminanda oy

2¢  As o constituent of characteristlc asseciationst

Tt is o comton constituent of several chapacteriatic agsociations,

in yarticular those of Lanrencia~Gigarbina, andCorelline-Gladostephus.

In rocky locolities laurencia and (igartisa, and Corallins and Gladostephus
are cowdominants, bt as the situation becomes more sandy Iaurémia and
Coralling give way to Bhodoshorton as co-dominant and fimally in favourable
situations, such as gemtly sloping sandy beaches with isolated houlders,

Riodbchorton becomes the dominant o only species present,

The Rhodochorton community wee flest deseribad by Cotion (1912) fyonm
Teles typleally ocdurring on sendy heaches with rockemasses or boulders in
moderately exposed to shelbered @i@&ﬁions. Under these conditions the
spacies peaches ito greataest ﬁe’?elapmexxtg carpeting the rock with its
typleal monnds, which often mttain a hedpht of 6 cmay, and colleotively
styetch unbroken over areas vhich may be of considerable extent.

Frequently modqchortqn ia the bnly mérOBcozaic apaclies present, more

often others are found, for example Cotton (1912) recorded the cccurrence

of the followling:




Be

: '_tz_;adq_gl_x‘ ora arcta _C_}aram'ium gtrictum
Polysiphonia: Pbrats Coremium ciliatum,

3« Az a constituent"df:'éan& ':jgcdl "ﬁegetatian.

Cotton (1992) has ‘described the cpacies as occaslonally occurring
as & member of a sand '156&'1 '-\ié’g'étéiiiinn, carpeting pure sand between
isolated rocks in very‘ﬁheiteéad 'fegtma.

This is d@ubtleas'mérei&'an'eXtension of the Rhodochovton commmnity
daneribed above.

. . fs & cd:istituehf of the sub=littorel 'va'ge'tétt'ion.' |

" Hoth Gotbon (192) and Rees (1935) have reported that in sohe
iac&l'itieé 'the" sé{e’cies ¢an 'deacmd ';inté"the‘ subulittarais |

5 aa a comtituent cf qave 'ragetatiana -

o ﬂotzton (1912) records the occurrmce ‘c’f the species in marine cavea,
in one case gmwing; w:it;h G}.aclg_yhnm Easbga on & mck amrface at &
point whera freah mtar exnded from the rnof and walla. | In the ptresent
investigation this Mbitat has boer met with on a s:i.ngla oacasiun, a.t
Splggle on bhe Iale of bhetland, t\&mre a rather stuntad apaciman of 4 ﬁas.
in he:l.ght was founﬂ growlng on the walla at the mouth oi' a cave in

aasociat:!.on with mzoduchorton pg 1_) (Limtf.) Ebsmvinga. _

Presen’b in\reat:l.gations .

‘Dm':!.n[g the ycara 1960 1961, 1962, acological :lnveatn.gationa were

carrtl.ed out on the fallow:lng shoresﬁ




& -

segblands
Mitlport. Béty.'.(inciuding Komes Bay),. Keppeld Bight, snd Vhite Bay,
. . on the Isle of (Great Curbrae which ldes in the Firth of Clyde.
Apdnell. Bay, Aypshire,
. Gruinard Bay, Mester Ross:
Fortmahomack Bay, Daster Roos,
- Queen's Bay, Lexwlok, and Muelkle Sound by Loch of 8plgele,,
Isle of Shebland.
lﬁrsden Bay. ‘Gounty Durhuu,
Lulworth Gove, Dorset‘n _
‘.‘!enhury Bay and Braunton Burmwa near .oaunton, D.mn.
Porthoustock, Kynance Cave, Cvithian Sands, Newquay Bay and
Bude Bay, Cornwall,
Of these shores, Ardneil Bay and Portmhomclc Bay wore examined in
greater datad) than the others and 4t wao from theae locelities that
tha greater part of the mterial. used in the cultural and wtalorical
imestigations was obta:ined.

The ecology of Hodechorbon flaridulum in Avdriel) Day (lat, 55° 48.21,
long. W ¥° 53.5").

Description of the sité.
Avdneil Bay ds bounded in the north east by iha racky wottontory of
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Farlond Head, and in the south weot by the Bell Stane Rooks, & oweep of
about peven svighis .6_3? 2 milte in lenpgth,

Rhodochorton is moest abnndant in the area delimited on the
accompanying map (Fige 1) by a dotied line and marked 'AY,

In this region the upper nid-littoral is composed larpely of send
in which ocour isolated gravel and boulder patches, while below this
level, extendipg inbo the ‘mlb#lit‘ccﬁalg, oceur yock and boulder fields,

Reyond this apea the beach is largely composed of sand, and the
boundaries of tho boulder ia’tchea are in a eonstant stote of flux as
sand ie deposited and removed by sugcessive tides,

The avermge gradient throughout the-az;ea in 1/46 feat.

lxposnre is noderate in the region investipated but increases

towards Farland Head.

The algal vegetation,
The Gominant a&,ga. thronzhont the littoral region vherever racks

ogeuy g Ra ﬂori@ulum;.md-the community which it forme extends in

places from o little below MJH.W.N. into the subelittoral.
e number of comuon assoclates is not great; Interomorpha compresss

Uliz:a.-\-lact:_zua and Eg;phx_ra pm:_xgama_z_a_ra--(l?nth) -i}g. ‘baing the wost commonly

occurving speocles betwoen M H.W.N. and M,TWL., below M.D,%. Fucus serratus

is opeaslonal on the larger boulders and becomes more numerous in places.

Near lov waer mirk; isolated patches of & Fhodochorton« (i gartiva

stellataw-Chondrus _cifiapus. cormmnity oceur, in which 'mmdq_chor.ton is always

dominant, Oceastonally Cladostephus sponeiosus sppsars in this

5.



conatundty ¢ ut ite devélopment is never os extensive as ic found af the
gane levol. in Portmohomack Bay,

Throughout the greater part. of the Mittoral ¥eglon Fhodochorton forma

the typloal sommds Zeh cng. high on low lying rocke; tut on the lavger
boulders ite appearance s rvatheyr different (Plate 1B), -

At and below Yow watey unpk, th@=$peciaa¢qccurs'heneath3L§minaiia
dipitata and Alara gsculapba, and occasionally forms & comunity with

R, purpupeun on the pldes of lapge rogk masses, - 1

At this level the plants form a coppaoty lowslying mat quite
different in form from the monads found ab a higher level, Similay mate
have been chseved at other sites and appear to be' the résult of increased
wave asktion. -

The Bodochorton. tufts pre penerally heavily epiphytised by

microseople algae ineluding forochastinm pecundatun, Bangly fuscon

purpuren, a-vaydety of diatomsy as well as young stages of wmny nlghe
including Ulva lactuon, Myboromorpba conpronsas Porphixa purpufens
Gladophora epp: aud: foboearpus opps

The tufts also provide ancheyage for the majority of the macroscopie

epecias present, the number and types varying according fo.tho fime of .
yeors. |
Apavt from those 2lréady méntioned, the Felldving have baen recorded
in lote springs
Chopda £ilum -




Chpart Trom the difference in foim of the plants fﬁl‘h- the' upper and
lower levels one othelr diffepmee was recordsd;. the plants giowlug above
M T okl yollowered combred with the decpér ped of thobe below thds:
levels |

Thewa appeers t0 He no time lag betwesn tha dndet of tebyasporasgial
formation in the plants ot different levels of the chores

. Ap nobed above, the bouadarles of the boulder fields ave ina -
perpebunl phats of flix as the sond shifps daily undes ﬁhe nfluence of
tho waves: This sond wovement ie vesponsivie for two things:

(1) fwebs of the -}moc_‘;faéhorton‘ czozmimhiﬁ#“ may e sz:lj_;)leﬁeiy - covered
by gand wp Lo o depth of several inches, at least for the duration of low
tide, ond perhaps Yor even longer periods.

{2) .. fhe apicdl regions of Fhodochortoir are xapely coiiplebely

exponed to sunlight duiding the. perdod of low wabters ginge they. ot nobmelly
goyered with & Line layer of sands -
Citolopleal. vomdeaticn wag wade of deberial from all lovals, but

the reborial for culiivation vas token from the lover midelitioral.




Pl@te 1,

4,

B.

A general view of the lower boulder field-at Ardneil Bay,
looking towards Farland Head. Mareh 1961,

A ¢glose-up view of the boulder marked with an aryow ip 'A%,

showing the tufted form of Muodochorton floriduiud,







Fiig:’zre 2e
m%zg;mm of Rortmahormck Bay,
; B is the west wings
A is the east wing.
| H ig the harbour.
‘,"a.‘h,ée straisht ;inew represent tﬁa houndaries of the .Ordimw Supvey
1 ‘i}dloxneter pgrid square and gre nuplbared ﬂQﬁﬁrﬂimlﬂ';
The reglons _:ielimiteﬂ' Iby o _céntiziuaaa bia_t:k 1ine and crossed.
b:,rI rerallel black lines inci:?,cata wick resses: |
i Broken parallel lines ihdic'ate & rosk UBss with perallel vibs.
The area delimited by ¢ fine dotted iina represents the reglon

uncovered by the tide conslsting malnly of sand.«
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8.

The Bay s boundled in the norih east by the harbour rocke ond 4n

thé south west by the Balmabruach rﬁ;qks, & sweep of about five eights of
a mle in lenpgth (Fig. 2), The grentey part of the iittoral zone is
. composed of sand wlth occagionel bhoulders, tut at either end; rock masces
and boulders oteur betwsen M.H.W.S, and M.L.W.5.y stretching in places
~ ipte the sub-littoral,
o A’,'Che heach is gmtly ahe:l.ving with an average fall of one foot in
thirty. i‘he e:muaure :u;. moderate at the Balnabmach and ﬁe::reaslng
tpmr&s the harbcum |

R, floridulum pecurs on the rock masses at the east and west wings,
on the isolatad boulders in the central eandy region, and on rocks in
the harbours

The west wing.
_qgialéhorto:; is the dominant alga on the sendstone xibs which run

fmn ahove }1;1{_.{&!_3. to the sub&ii#téml and divide the sandy bay from the
iqg:ky Balnabiuach promontory (Flate 2A). The species occurs fiom a
little below ML.H.U.N. to the swbelittorals At the top of its range it
is confined to the lower portions of the roeks, the tops of which are
capped by o luxuriant growth of Intsromorpha compresss (¥late 2B)3

Below mid-tide level however it covers the rooks with a dense carpet up
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As

B,

A peneral view of the rvovk ribs on the wept wing,

looking towards the Balnabruach promontory.

A close-up view of the rock warked with en arrow

in 'A%, showing Enteromorpha () and Rhodochorton {R)







Plate 3.
i o .
} General vliew of the Thodochorton commmity on the slabs
: of the falnabruach pronontory showing the low-lying form

| of the plant. Portmahomack April 1962,







to b cna. thioks . In $his reglon the only other mcroscopic algm is

Eopphyre: weidlioalls £, Jacindags which ocours locally. The carpets

ape however heavily epiphytised by diatoms, blueegreens and Acrochaetium

seoundabun. At Jow water Fhodochorton eccurd under Laminaria digitata
end §._saccharina and goes down into the swb-littoral, . At the same
lavel on the flat-topped rocks of the Balmabmach promontory the plant
has the lowwlying form noted at Avdnell Bay (Plate 3).

Tho sast wing. . .

thile 4n the west wing Jhodochorion is the dominant species
throughout the greater part of its vertical distribution, in the east it
is found ma.inly 'as a constituent of the 'undgrﬂora of the dominant
Phaeophyceae which here ocoupy the ﬁ)’p:l,cal zoness The species occcurs

under Fuous spivalis (Flate 4A), Fucwe vesiewlosus, ond Fuous gerratus

{Plato 48 and Plate 5 AB), being papticularly abundant under the last
nameds Frequently at low tide level camunﬂ.tieg of phodochorton-

gigartina, and fhodochorton-Cladosterhus occus in vhich Chondrus crispus

end --laxoggn:én;}.a palmats aré often present, though in small smounta.

On the smallep jsoloted rocks the Rhodochorton commmidy simllap to
that of the west wing appears, frequently pure, but often with
Riteromoppha gompresea, Sphacelarid radicans and Porphyra ‘purpurews as
associates: Batween ﬂzeéa rocks a sand pool vegetation oacurs |
containing Re floridulwm in small amount.

At all levels Fhodochorton is heavily epiphytised with dlatoms and

‘;{;croohagtiam ggm_mdaﬁum.

9.



Plﬁj.ta' b -

A.| chows a portion of b rock with Fhodothorton under Tueus
| ppiralis with Corphyre umbiliczlis and bamacles.

Pertmhomack July 1961.

ihodochorkon iv indicated by the STPOWa

B,| shows a rock with Hidoshorton in typical mound form

with fucug peryatus and Glempsipg gtellata,

| rortmahomck July 1961.







Flate 5.

8

B,

shows 8 lowelying Hagdochorton met dominated by Imcus

gerretus and interomorphn. comprossa.

Portmehomncl: July 1961,

chows o low-lylng wat of Rhodochorton grewing on the
yartical rurface of « yogk dovinated by Fucus geiratus.
Ppi'tmaiidﬁck' Juiy 19674 | |

mqg;géhoﬁ:pg indiéated by the ATPOWs
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Tho hosbowr,s
Tho pubstrate in $he harkour is one of muddy sand with foolated
pockss Thodochorton extends from the Fuous gpiralis wone to the
gxbensive thgt}g _f;_;,i;l_.},i,[ﬂ;, helt at law waker. - &»iﬁoqlagﬁum Amp ';exum and
Vauchewds thuretii are frequent associates: L smflar muddy sand
community was obsepved at Pude Harbowe, Gornwall.
. The maerial for culbivotlon was coliceted fvom the vocks on the

west wings

Theee of the other sites visited showed o well developed vertical
distribution of the spécieﬁi |
(1) Millpott Bay' (including Kamos 'an-)..

‘this* can be divided into two distinet reglons: (a) the rock masces
vhere tha typical Fhacophycenn zonation iy established, and (b) the open
gondy wepdons guch as Baves Payg

the vertical distributiorn in (o) is the sawe ag in the corresponding

region of Portmehomack Bays , oocurs 8g a qonstituent of the

Hodochort
underflors of the Fhaeophyceae fvom Jutus spiralis down o the
Iaminerisms ond beyond iwto the subslittoral. In (b) the sendy beach

fhodochorton community occurs with Gigerbina stellata, Hodymenin paimata,

iy lactuca, &

coupreses and Fopphyra wibilicalis £, Jaciniata

ag ocoasional assoniates.




¥ldte 6.

Ae; A general view of embury Bay showlng the rock masses

ond the sandy region.

Bs A close~up of the rock indicated by the arrow in 'A!
' showings Typicol mound form of Rhodochorton (R)
Girartina stellata. (6)

Fucus serratus (¥

Interomoypha compresea {1}
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(2) Wembuxy Bay
This too is divided inbo yock masses and open sandy rogions

(Plate GA): . In both the distridbution e as descrihed for similar sites
in Seotland, that is, on the vook macses the species ocours fion the

cug spifalis mone down to low water, while on the open sandy vegions it
ig common on isolated boulders down fo .‘m‘ watier mark from a little above -
‘I’I'.‘Ef..“.is vy wi*!sh Porphy !:e. unbilicalie, Ulva lactuca,
and @igartine stellats as assoslabes.

Interomarpha sompressa

The distribution in Newquay bay is similay to that at Vembupy, but
the development of the Rio ._q;zhatftbzg dovering is much more extensive; being

ofton soveral souare yayds in oxtent.

Hicdochorton floridulum wis found to be typical of sheltersd or
noderntely expised sund beaches, and often ocaurs on vopk masses adjacmt{, '
to such beaches. At Forthoustosk, however, an exception te this was
chserved; heve the beuch is composed of loose shingle with isolated
boulders and rock masgses (Platc 7A), ard in the crevices on the larger
rooks stunted (1 om. high) plants of R, flonidulum wepe found. This ia
the only occasion on which the gpecles was found growing in the absence
of free sand on 2 substratum of nonesandctone rock.

The alga was found to be scoree or absent from shopes wore than

roderetely axposéd, o.g. Gwithizn Sands, Cornwall, chere it ocours




1},14'&6 8_0

Feppei Big,ht show:lnb the 10::&1159(1 wcurrem c)f the maa fom~ |
| of modochorton ty;:ical o;C eﬂ@osed araas. ‘ | o |

B. ehows the -E:Aodpchprt_dz community in closa;ﬁ;_;.' In this

locolised aves it io the only species present.

N fs gmam view of the 1ower partion of the 1&%@:'&1 reg;i.on a.h.' B







|
| |

A s?émml vlaw of o pertion of the shore st Porthonstogk

m%wii-sgrg the pravelly rature of the boachs On the sack

mﬁ"keﬂ with an arrow 0 amll apount of siunted 1

iocharkot

]
wig founds  Hupteeber 1562
i







infrequently dn low mats up to 1 om. dn height on the landward side of
large vock masses in the said. .  Slmilaily at Keppel Bisht on:the Isle
of Curbrae the gpécies -ic aboent frow the upper paré of the shore,
aoourrding at snd below: the level of the _I.‘_u_g}_z_g gerratua zone, although in
the. mOrefeﬂmitered‘neighbéuxing,‘ Koilea Bay it exbénds dowmwapds frorm: the .
Pugus’ ppirelis zoné.  As ob GWitbian Snde, the speclenihas the'form of
a flat cake, closely applied to the vock suri‘acé (Plate. §) and @ffering .
considernbly fvom the typical mounds . found for é}mmple at Vembury (Plate 6B) . .
Thic lowelying form was encountered aléo on the more exposed rocks -
ai: the Beunabmach promontory, Portmhomck Bay (Plate 3) as well as at
low water in Avdneil Bo.y. |

Rs Floridulimn was found to be absént, at least from the upper fart’

of its normal range, on ghores where the insolation is hiph, eéxcept where
shade is provided by rock mases or lavger algne.

Tlius-. at Grulnapd Bay in Wester Ross, where conditions are similar
to Ardnell Bay, the @éciés is absent from almost the entire Tittoral
vegion, becoming establiched only at and below iow water, whiue the upper
boulder ﬂelds daxre co.loniaed by its normil seeoclates 3""..1.‘21.1.1 e and
mteromorgha. . |

At Kynznoe Coverdn Cormwall (Piate QA) the plant is present only on
those rock surtacha‘which are shaded for the gx'-ea’cer art of the day,
thave being a well defined boundary between the shade and light sides.
Re_floridulum is here absent from the mmiler rock masses isolated in the
sand and is confined to the vertscal surfacen. of the lakge rock masces,

In this position it hange down in a loode mt in olose contoot with the
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o gack supface (Plate 9B), a form quite dlfferent from elither the typical

or the compack mpbs of exposed localities.

Gonglus:‘;‘.ons.

The prosont work cgni’iz‘mss pievious chsorvations vhat 'lgzodo_ohprgcn
;?loridulung coeuples a wide vefﬁicﬁﬁ. xanpge on ﬁxe shors. It we found
to be gbgeat Lrow the more expesed chores éith&ugh % an tolemate a
cortain cié‘g,rxv‘ea of exposwre. The groatest degree of development is
readhed on yooks in the midslittoral réeglon of gantly eloping sand beaches,

The species wis found o be absent fror highly insclated shores
unless shade was provided by rock masges or Japger algae.

‘Yhe paturae of the habitab wag iéund to exert an influenhce on the
formt of the plant and previously unvestrded vaplations from the typleal
formn wore observed. |

T“here appaai;- to be no differences in the ecology of the species
wvithin the range of ita British distyibution.




Plate 9.

H
A,
®

B. |

General view of Kynance Cove from the cliffetop schowing

the form of the yock magssess Septeuber 1962,

is the porf:ion of 1A' indicated by the arrow, :i.n close=up,

ghowing the rope-like form of Rhodochorton on the vertical

vock surface.













Fhodocherton floridulum is o simple uniaxlal, heterotrichous slgm
of the type designated by Frdtach (19453, vol. 2) as representing the
primitive condition in the Floridese. It typiecally forme d_e;zse globose,
fastipgiate tufts from 2«0 onss 4n heipht on sand-govered vocks on gently
glopiny sandy shopess

The prostyabe systent

The prostrate systen is composed of a mat of interwoven, ¢veeping
filaments, oparingly to freguently biwnched, the branches arising from
the imiddle, ocaasionally from the anter.’l.or or postexd.or and of the cells.

The size angd ahape of the cel‘.ts s extmely va:d.ahle, froquently
they ave barrel-shaped, meacuring betveen 10-30u long, by 15«20u broad;
often they are oylindirical with dimensions slmilar to those of the cells

of the erect sysbem.

k.

Due to the fact that the cells are in very close physical association

\-Qith the substrate they are ofteén ivrepular in form (#gs 3)¢  The
assoclation appears to be entively physical since there is no evidence to
suggast that the cells secréte adhesive substances, although the spores
at least have been shown to do 50,

The growth of the prostrdate ﬁlﬁments is by the activity of an
apical c¢ell which remains in close contact with the substratum throughout
the life of the plant.




Branching: ... ..

Branching occcurs most Irequently in the reglon immediately behind
the npex, the latexals being initiated from the daughter cells bafore the
nuclous, enters the interphace condition. - Branching con howevey
pocaslonally ogcur in the more mature veglons diatal to the apex.

‘The branches produced are of two types: (Fig. 4.

(a) Horizontal,

{b) ZErects
Both may arise fyom a singleé cell, although more comuonly one type only
ig produceds A maximum of thres branches arising from one cell s
been observed, and in such inefances only two lie ia any one ylane.
(a) "The horizontal brenches,

The horizontal branches aiq apparently of hniimi&ad gﬁbwth, éﬁd in
ol.der qpeeimens“caﬁhof‘be aiétinghishaﬁ fromlthé parent axis; they
bfanch iﬁ a similar manner and there is no difference in cell hzé.

(b) The erect branehas.

| The orect brunohes are producod at 1rregu1ar intervals and usually
at a alightly later atage then the prustraba branchaa. although in aamc.
inatances it has bean cbgerved that goveral erect filaments have bemn
produced befbre the further iniﬁiation of proatxata branchaa.

The fyat visible stare in the production of an upright filament
is the appeayance of a slight conical protuberance in the middle,

accasionally from a point nearer the anterior or posterior snd, of the

dorsal. surface of o cells This protuberance elongates until, when it

154



Fiﬁzre Be

Portion of the prostrate system showing: the distortion

of fthe cells due to contact with the substratun; the 'vawihg -

positzon of origin of the ercot fiiamanta, and the shape of
the cells. | I B
% ta' indicates the collar formed around ﬁha filament

fbllawiﬁg repeeration of the apical cull.







Mpure &,

A small portion of A'a.A young plami 'slidiirig: '
'(5) prdstfaté and erect 2i1aﬁenta; (2) thé.prdﬂudfiéﬁlﬁf-:
éqﬁ'uptight'tildﬁents from a elngle céii (a);\“(ﬁ) ﬁhe '
iﬂitiation of laterals from the cells immediaiely‘behind.tha
aﬁex o the erect filament (e)s I

" Broken lines indicate that portionﬁ of the plaat have

b%en omitted.







o CI

e sige of the cells do extyenely variable esven ina. single

tilanenty tih they arey vith few excepbions, always. gylindricaly  They

vy 4 detghh 100 7100, ud In b, S {5, the atdo of

g el bl e S/d.h s ey

of oelle bovdry apibbo ol oy B0

- Uhase figures are similar to thoss published by Hamel (4925) far

the spacles on the coasts of Trances

Cel2 combent: | |

lfach miure cell has & large ceni:ral vacuole surroundeﬁ by a layer
of cyt;nplam in which ia em’beddea a variabla numher uf pyremoi.tiS. aach
the cen‘bra of a atar-shaped chromtophom CKuckucl-:, 189?),

In wild material the chromatophoves of the cells above the level of
the compact sand layer are red in golour, while those below the sand, in
conditions of persanent shade, ave a dull yellow, This labter colous
persists in wowashed material in culture, but is converted to the normel
réd when the sand ig removed. |

fhe number of ‘ahrotramphorea (and hence pyrencids) per eell of the
main filaments can renge from $+20. It 1o nob constant even between

daughter cells, and bears no strict relationship to the size of the ceil.



PLATE 10

20

'hotomicrographs showing variation j
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The emaller cells of aome_matenala howevar mey contaln but one. This
obaervation does not agreé.with that of Yapenfuss (1945) vho stated that
each cell contains four chromatophores.

The éhape and the degree of development of the chromatophore rays
is variable within the cells of one filament. I[late 10 illustretes threu,.”;
such variations; in (a) the rays are reduced to small. disc«like lobes
around the margin of the pyrencid.

in (b) they are greatly elongate, having the form of
ribbons with indented margling,

in (¢) they are elongated and lobed.
The yays are well developed in shaded material so that the margins lie
closely together, wheress in brdghtly illumireted plants they ave much
reduded.

Staining fresh material with dilute iodine solution shows that the
eytoplamm contains a large number of small granules of Flovidean atarch.
These gromules appear to be absent from the chromatophores themselves,

The only other gonspiouous content of the cell is the centrally

placed nucleus.,

Branching of the erect system:

The erect system is pgenerally much-branched, especially in the
apical repions of the typloal mound form.

As in the prostrate gystem, the productioﬁ of Jatemals im generaily
confined to the newly formed dells immediately behind the apex, only
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~ rarely are laterals produced from the older cells of the filavents.
| e typical erect branchies genetelly arise Ticm @ point néar the top
af the mother cell: ihérdﬁs:tﬁeL@awnﬁafa;gféﬁing laterdls avise from the
ahetal end. A o
The examination of young plants (Fig. 60) reveals’ that breriching is

irregular, aub*aecund and pseudo~diahotomoua. true’ ‘@4 chotonous branching‘%A

bAs néver been dbserved in thia specles.
' 'The ordpinal evect filament in soon eoqnalled in length by the erect
or erecteadpressed Yateials and;'siﬁcé”éhQra’is“édﬁméﬁi&‘nc;di!féfénéé
in cell dimenaions, is indistinguishable from them.

in plants with prolific bisal branching A thread of interwovan

filaients 15 commonly formed around the wain axis aufing‘tha‘ubwafd’gfowﬁb“é”ff
6f the laterals; and since théyilaﬁér branch sbout the same level, the o
iaterals alse tend to bedome inherwoven, so that a paaudpwaxia with
pseudowlaberals is formed, | |
. fhe formation of these threads is alded by the produstion of laterels 5;’:{5 :
which grow éownwdrds{ braduding both eyedt and dewnward growing secondary
branches which bedome éntéhgiéd with the novmal epect laterala produced
at a lower level. In gontrast, in plants in which bagal B:anching is
infrequent, the majority qf the erect filaments are free throughout thely
length.

In the typical fbrm of ggodgghortog floridulum the mnjority az the

filaments, both primm and laterals of seveml orders, branch gbundanuy'f o
in the sub-apical regicne ao that eadh iilament gtves nia¢ with&n a éhort




Figure 5,

NMapgrem of the pattern of branchiny in the apicﬂl rggion_

of a iilament of‘the typioal form of tha plant showing the
abundant produotion of 1atera15 and that they almost all lis
in the one plane; a, b, an& 0 are axdnplea of those which
do not. ) _ ‘
Broken lines indlcate thét a portion §£ the fiiameﬁ?#.
hts been omitted. | | o |







disbance to a 'fan' of filaments as shown in figure 5¢  ‘'he branches of
any one filament are generally confined to ¢éne plane, but the plane of
bra,lnching of nelghbouring filawents is aeldom eimilar, so that the branch
ays‘;.ems o; one fi:tament gmw into the syatems surrounding it, hecoming
entangled with them. It :m thesc a.nterlocld.ng bmch e;yatems which are

14,

responsi’ole for the xormation of the mounds and tufta which are typleally -

found on gently sloping san&y beaches. Tho mounds are made more coupact
| .by tha foma":lon of special bmnches which will be daaoribad later.

| The pattemn of branching ia differen’c in the plant when it grows

' ‘under exposed conditi.ons where wave action is hamry. As previously
remarked (Béology)s under these cirowmstances the mounds are absent and
the plant instoad forms a low-lying compact mat. This is largely due to
the absence of abundant and localised apiedl brenching, laterale being
produced more or less evenly over the length of each erect primary
filoment so that a tniforn sward is fornad, The compactness of the turt
is the result of the laterals becoming entangled with each othexr.

Three types of branches which ald in the process of entanghenment
have been Lound:i

4  The spreading brench.

Uheveas the erect brenches which have been Qescribed arise from the
parent filament at an angle equal to or less than l&5°-, the angle of
initiation of a spreading lateral is greater than 45°, so that the plane
of growth is wore horizontal than vertical. A similar plane of growth
gan be achieved if after jnitiation at & normal angle to the parent




Fig}lr& 60

A, | 1-3. Hook bremching showing several types of cecondary

Tateral.

B, | 143," thxanchiﬁg, ahowing!savefalitypeé'of'éaeondary

| lateral,

C. | Diagrom of branch syatéé of & portion of a young plant,
showing how the laterels will tend to grow in between one

another,

n lall cases arrows indicate the direction of giﬂﬁthg broken

lites indicate that & portion of the filament has been omitted: ' 5

i
|
|
|
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bacome entangled with them,

R bmm(ﬁ‘igg §4 2,3 k)i |

el o i hmnch s mml, b
Bhbrt perio o gt bt Hata of ini Hakdon & st onty

cuvature in f dowmvard dipeckion takes placa, ‘shronge than dn the case

| of the spreading wcoral, 50 tbat, depending on t}te duration of the

gtimilug, the subsgque.nt growth of the mta:al m\ay be amy from, parallel
to, or écrdss the parent fllament,
Hook bmahes normally bear secondary laterels which may be of
geveral types: {a) ﬁcnﬁnwar&a&w*ﬂing. . |
(i:} frect,
{c) Spreading.
{a} Hook.

3. lHelaterels (Fig. 6 B/1, 2, 3).
The angle of initiation of an Helateral is génemliy preater than
45", but after a short period of growth strong growth-curvature in an
upward direstion takes place, genexally within the length of one cell.
This same eell also produces & downwardegrowing lateral, and both
filauents grow parellel with the parent axis, at least for a short distance,




so that aii Hechope is formeds Both awnd of the H normally: bianch
abundantly

Whe effeet of these Lranehes wiadch, with the exception of 1., are
most- punerous in the lowes replons of the 'th-anua., iz to Bind the primexy
v pat i‘i:!.amen_%:s- and theis ereud branch systléma into a compact mans.

It in due to thelr presenve that the speoles can bind sand particles,
sinoe wvithout then the complex syés{:crﬂ_ of -'interlaéking; filaments in vhich
the pavbicles becdme\‘lc{igea would be ohaent. -

- e closely adprossed filoments also form a very officient chpillary
sysbon embliht.-; the plam‘. to detain sufficieﬁt moisture to prevent.
desieeabion, even when exposed fov several hoays o' full surner. suniisht,
Thig io nesessary for the survival of the plant, since Biebl {1952) has
shown that the minimum hwrldity vhick it con bolerate is 88.0%.

T4 has been foind thai these laberals are Yargely absent from samples
of plant collegted from veptical surfaces, so that in such plants the
oeract filamentn are largely frec. |

A fourth type of lateral brench of unknown function has also been
recorded from all the giles ?iait.e&;

he - Hedrebearing laberels of limited growth.

uring the summer, and apparently concomitant with the produstion of
the tetresporangio with which they are offen asgociated, lateral branchea
of Lindted growth are produced in the subeapieal regions of the filaments.
They conciat of from fuwo to wany cells and wey be simple ov brrinched_.;, .

el apieal cell produces ohe or two colourless haips of up o 200u in




- Fipure 7.

1-4 ghou the stages in the development of a ¢olourlens hair.

8 ehows on aplcol cell with two cuch haixs at an enrly atapge

of develépment.







Length (Fig, 7). These laberais have bean revorded in waberdal foom all
the siles wisited and they aloo develop in culture, Since they are not
‘pregent ok all times of the year, it is asoumed that they are eventually
shed, dn vhich cose tho apleal ¢oll of the sSupporting flament my hecome

morisbomatic.

‘1‘11& tetraspmangia‘i bmnchea.

o onest of tetmaporangﬁiﬁl production varies fron vaar to year,

folloving & year of pood weather with atundant sunshise the foreation of

betrasporangia has been found to commence towards the end of Junas
followlng a year of poor weather with 1ittle sunshine- sporangial
development has been found to comuence in late Deserbers It is pot
hovéver unmusual to find ab least a few tetxsappmngj.a present at any time
of the year, as vreported by Blackler (1955), but thepe is nevertheless a
period of optimm produstion vhich varies from year to year and &s
apparently subject to the influence of the weather.

The development of the tetrasporangia of both R .:E'J.qrigiul_.pm, and
R, purpureum has been destribed by Harvey Gibson (1821) and a brief
desoription only will be given heret
Prior o the pwoduction of the sporangia, the a‘.‘:tlamcnts in the upper
regions of the plant branch copiously in the manner previously doacribed.
These branches then produce short 1aterals, consisting of one or more -
oells, from several or all of their cells except the apical cell. The

short laterals so produced may bear a solitary sporangium as fipured by



Harvey (1046-1651)5 more often two or more are Wine As shown i
Figpea Ghe  Frequently, however, the latemils apé longer thon one sell
end wey themsekves branch.  Dvartually furiber geowidl d5 prevented'by
the production of u cporenglum from the apieil vell. The fovmation of ©
the sporengid on the :l.atemlrs i5 generally basipetal, and they my be
seseile on the wl:ls {;hemselves, o these ¢ells may bear short laterals
wm.ch ma; hmmh agam, wch brmch Leopninating :.‘.n a spnransium ang
bearingg sparfmg,m on the aamc:ial surface of iha xna:jcwity of i;he:m censo
oacasmmily & cell my prmuce spormg,aa on noré Hhen one eux fm,e 5o bthat

& cluster is pm&naea. mgure 813 phows & mmple clusters

The development of the bparangia,

£21 sporensin with the onpepticn of those lLorne tefninslly on o
latersl avé-initiated in o pannor ddentienl to that of a vepctative
branch, ag & conical protuberance avising fom a point neay the top of
the perént cells  Thie protuberdnce is cut off by a orossewall and
enlarges fo form an ovoidegplierical spovangiuwm, the uavrov-end ‘of which
ia Grected towords the bucwe, The sporangium enlapges vntil at maburibty
it neasuyes about 20+2ht broad and 28=31v long. It then dontains four
spores arranged in a quadrate mamer.

ihe young uninucleate sporangium ic densely £1lled with ayt’zgp}.‘am;
and pyrenoides A;g:art from its shape there ib theprefore Jittle Uiffercnce

betwaen a young sporanglunt aud & vegetative cell, ahd vader certain

conditlons, e.g. in unsereened cultures, the sporangium can, if thé first
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A, 15 ghow early stages in the development of cporangla

on pimple lateral breanches,
B, shows a more complex lateral brench with;sparangia-lyinggz.

in more than one plane (1). . | o %
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stage of anclsur division tas nob talken place, -grov ouf iuto a
vigetative bransh differdng from the dormal only in ks vwollen basws
he Frab divieion of a spovangiun is ab nghi, angles to 3¢8 long
agloy. the sepbun avdsing fion the loker wall and grodually extending -
imards frols the }wfemﬁohery-. The iuitiation of the geptun way toke place
before the dvicion of the xuclods so that ot late metaplmse thse nuoleus - i
- Lies in a vope in the :ae;étum which ia later closed ag the daughter rrelel
sepavato.  In nosh canés, however, the ifuiviabion of the membrane. i
dolayed untll sepavaiion of the daughier uuélel has taken placas
The second dvision of the sporapgluy by opr way not. o syaushronous
in both hulves bud fmall,y four widnuclextespores are forued which Found
aff and are shed tiwaugh an apﬁ‘e;isal pai'e' 5 the ﬁpoml{:ium- A gecond
sporengiug way be formed within the fizab, bub in general fuvther ghowth
dogs not take piacé,' s that ot least in culture the empty IO G CABER

rovailn,.

The anomelous davolobneht of the Latwesporeshyte.

Puring the examination of totwnsporde aterial of R £

golleated and fixed in nceticenlaochol ah Ardneil Roy in March 1961, &

ginglo latepa dlffering from the others was dlscovexreds  With the

axcepbion of this single example ail the Jaterils axamined box%e..teﬁ;-agpomy.ai
. 4n the nopmel manner. In parts this laterall produced similar tetrapporic '

pecondary laterals, hut cortatn cells of the filament, often adjasent to

cells bearing telpasporangial branches, prodiced.a second type of Jatepals
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thene often branched abundantly, producing a 'brugh' of filanents of
similar length, but were also freguently more simple as shown in Flgure 9,
~ The terminal cells of these filaments bore one or two pear-shaped
sphexical cells, between 4.5«6.0u in breadth.

In the larger examples the contents appeared to lave rounded off
into @ single unit, and in some cases empty cells with a texrminal pore
were obéerved. gugghsting that the contents had been releasded.

Since the materdul had heen preserved in aceticealeohol the pigment
had been removed from the cells, and for this reason it is uncertain
whether or not the ‘sporanglal ' contents were pigmented; in no cases
however were these Ysporangii' oboerved to contain a pyrencid, and this
suggests that in fact the contents did not possess a chromatophore.

It was thought at the fime that the male organsc of the species had
been discoverad, sinte both the form and arvangement of the 'sporengia'
are gimilar to that of the spermatongia of many Floridedae, but the
subsequent observations of the development of the tepraspores formed
after neiosis, ooupled with the fact that desplte intensive searching
over 4 period of two years, no similar specimen has so far been discoversd,
suggests that the 'sporangia' are not in fact spermatangia, or if they
arg, then their Gccurrence on the tetrasporophyte is anomalous.

The coni‘.enta of the ‘sporangium' may in fact be haploid, but since
only resting nuclel were observed this cannot be verifie¢d. Neither was
it possible to determine the chiromosone complement of the tetrasporangia
which otcurred on the same brench. It may be that the nuclei of certain

of the cello of this branch had undergone reduetion division and had




FIG.9

Portion of tetrasnoronhyte showing a region of anomolous development
S svermatium

t tetrasporangium

-
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subsequently produced haploid letérals bearing spermatangia. Certainly
thess branches are very similap in form to the mele plantlets produced
by the germinating tetrasporss, bui 1f reduction division had taken plsce
then it would ceem ldkely that carpogonia as well as spermatangle would
have heen formad.,  So b may Be that the ‘sporangia' are reduced
tetrasporangia, althoupgh the Absence of pyrenclds avghes amminst this.
Although it 4s not possiblo to come to any concluslon xegarding the
pature of thesg undts, 4t is of dnberest to note the pregemblance they
hear, both ;m \i'tom and. arrangement, to the spermatinl brenches described

by Bogenvinge (192%3-24) in a tetrasporic spacimen of Ry penicilliforme.

Tt seems that Rosenvinge saw only one such specimen and no further
records of the ocourpence of spermatia in the species have been pemn.
It moy be that Bosehwingae's specimen is as anomolous as the present
example is taken to be, although this cannot be confirmed without first
investigating the eytology and lifeshistory of R. penicilldforme.,
Spermatonpla have been recorded from only one other species of
Rhodachorton ~ R. viclageum = a fresh water member described hzr.D_rei {1935).
This in a dloecious specles, although antheridial brenches may occur on
a femxle plant, and both sexual. and tetmasporic plants bear monosporenginm,
Since nothing is known about the nuclear cyclé and the place of reduction
division in this species it is nob cerbain if 4t is closely related to

the present spaecies.
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Pangol fnfectivas.

Dixor (4960) has reported in considerable detall the types of fungi
infocting opecies of Ceram‘iu_n;; describing the general rouctions of the
bost o the parasite. - In the pfésent:iﬂwéétigaﬂion;’infﬂﬂﬁéd plonts
were occcusionally founds” - Phe regions apparenily most susgeptible to
infestian'awé the apical cells and the devolopifig sgorengin,  Plate 108
i o photomlorograph showing on infected wporangium(). It hag not besn
posolble ta identify the specios responsible for the infeotion, nor the
iode of infection. - Dikon (1960) records that the fungl caused

hypertrophy of the host but~this:dbe$fnét seen to ocowr in the present

2.

speci.es, in wirich -the infésted cells are never larger than uninfected ones.

Vegetative reprodustion. -

Instances of vepetative reproduction in Rhodachorton floridulum sre
relatively rare compered with Rs purpureum. Opcasional instences have
been met witl}x similar to. one type found in thg ?ﬁia.tter' specless an
intgrgalagy cel},.for:rgggops which are not underctood, becomes
me:istemati¢Aand vroduces. a filament which grove into the cell beneath,
disrupting its contents in theA process. This filament then emerges
through the wall of the filament and the upper portion sepnrates from the
rest of the plant and becomes established as a separate entity.

Figure 10 shows the early stages of this procese. After separation, the
first entire cell below the level of separation beeaméa merdotematic and

produces a new aplcal céll in the manner described Jlater.




Figdura 1%

The drawing shows an intercalary reglon of

reaenemd:icn.

1.

e

b,

Se

is the old outexr wall,

is thé pore with a .pgrbiqn o,flthe old septun.
attached. |

is the outax uall of the new filammt.f L

is & portion of the protoplasm of the cell :im;o
which the new filament has grown.

is the apleal region of the new £ilament.
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- The proftuction of a downwnd-grindang filoment fvom oo intercalory
3l ¢an also vesulb folloving the death of the oell bolow and this is
probably the main mothod of vegebative reproductiof.

IE the apigad. reglons of actively grovins filaments are. severed in
onlture, they vill normally praduce such dowmvard growling filaments: .
which eventnally midergo growthsonprrvature go that tha plane of growth is

at pight angles to the axin.  Ab the polnt of curwature one op mors - .

Interels are produced, alse. of #cht ongles to-the axls, so that o -
hatarotriohons condition Ay establichedy  The libtle olantlets so formed

eontinna do grow end branch dn the maney of parents  So far, exmples

of stch plantlets have hod been found on the shore ond it way be that .

vegetative reproduction isg not porticularly impordant dn this species.

Cell division and ovoms-wall formation. o | _

e process of cell division was _t’qllgwed in the apleal cells of the |
exect system. -

After orops-wall formtion the newly formed apical cell elongates
until it is betwe_eh 88 and 160y in length and 16=24%u broad. In the. early
stage of elongation the sell ig entively filled with dense cytoplaem, but
4% the length increases a vasuole - 17 fo:mgd In the lowex rapton and this
vacuole gradually extends until immediately prior to crossmwall formation
it way ocoupy ome thivd to two thirda of the length of the cell. The
upper replon rema:ms densely protoplasmic and sontains pyrenoids sl:;ghta,y
smaller than those of the lower portion (about *u compared with 5u), which

1ie in the cytoplasmic lining of the vacuole. The boundary between the
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upper and lower Peglong do sharply defined aund convex, the tpper portion

proivelting Doy sone distance into the lowep, bnd it ds &long this boundary

o "'b!?ét‘&' the eross-uall is :Egme'c}. The wall of the Dilament conelsts of tws

loyems, the inner layer adjoining the csll éavity i said for most: of the
Wodophyeate fo cdneist laegely of ccllvlong, while the ouler loyers are
apliposed of peotie submkances (Pritech, 1045 vol. 23 Diwes gk aly 1901)s

‘ ﬂi;aiﬁi'm;; the mateninl with dodine voltition afber trestuent with 809

ssuﬁ,pimzﬁi;c aeid g;i*éé;s a blye eolouration do the dnier wall, stolning with
Rothenimm ped fmpartvsa &elimﬁe pitii: cblém%ﬁ;qﬁ' %6 the oubed walle The L
shanieal structire of the walles ds thus slisller to that in $he majordity

of the Hhiodophyosae. I*L io from the immey wall only that the crosswwull
apiaoss. a | '

The stages in the fopmabion of the oxomc~wall are best seen in squash
preparetions pince this flattens the apleal coll and thus accentuates the
convority of the wall enabling the central poprtion, which is normally
masked by the outer, to be examived.

Frop the inver cell wall a mewbreve ie formed, gioving upward for a
time befors curving over and growing along the line of scparation bebween
the upper and t;hé lower resions: She membrane is imitiated simli-.aﬁaouély' |
as & ring yound the inside of the cell ang as thds is added to around its
cireunference & done i graduslly fotmed. Durify its formation 8 ssdond
membrane is initiated from the imer wall at a level slightly higher than
the #irst, and this grows downwirds into the mouth of the first formed
cope, continming its grbwth closely adpressed of fused with ik, At the

end of thin first stage the septum bas the form of a double cond, one lying |




Inslde the other, ag ghomm L Mlgure 41, At the spex of each cone &
giald oveld *olugt As formed 1ying so cloge to. each other as to appeny 2
one (Flatn 114). hss ﬁe'cmxéwy devosition telres plave dlong the nembrencs
the Mplugs® are pushed apard snd hecome dletinguichable as. sepnrate
straptores, at the. same dime inereasing in size.’  They vewain in contact
by means of o eylindeicul, ctednable phrénd which nay be an open chantiel
(Plate “MB) znd which appeaps to.be conbiuwons throush the body of the
fplugts . A maburdty ecch 'plup? vonsiste of a cone ‘@mgﬁeﬁing;. inte the
¢ell cavity, 2 civevder plate (average dlemehor 248x), to. which the
eytoplasm vemeing attached durdng plasmolysis, and vhich is also abtoched
to the membram,- and o 'smller cone directed tovards the sister ‘plug
{Plate 110)y  The pelative size of the ’}glugﬁ". vavrios ond often the
vpperunst s the '1a-rge§: of the twoy

, A chown in Piate ﬂia“theniplug’ seas tefdacuﬁy*ﬁ porfoxration in the
rmérbranée and ig praﬁab:l,y- an ‘elaborate xsmm gopnesting she ‘c‘ytz‘dﬁﬁam of
adjacent ¢ells« The form of these pores is remarkably similar fo pores
in the croosewnlls of certain Basidiomyoste wycells (Voors and lefiléay,
1962) and merit defailed investisition, .

Sinee tha preater part of nny plant of Hhodsehorton floriduluk is .

bupied in the surrounding saad and therefore capablé of little or no
photosynthesis it wonld seen likely that bthe plants would possess a system
for tho vonduction of foodstuffs from the cells exposed to light to those

which ars not, especially to the sctive apices of the prostrate sycten,

which such conduction tukes place.
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mmmmc illuatmtiqn‘ o:f the crossewall:

2.
.
L
Se

6.

e
8.

‘l‘"rxe auter wé.ll of the apit’sal 0911;

The imner ml‘.!. or tha ap:l.cal cell.
The outer wall of the aaughter cell.
The :inner uall of the daumter cell.

The top of the cone of the 8eptnm of the dau@xﬁer | |

cell.
The cone of the septum of the apicai cell (t’pp
not shown),

The cone of the septum of the daugh;eg celli

The pores
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A, Thotomicropreph of a youne pore,
8., is the septun,.

b. is the pore,: Stodin - acetocarmine,

B, Fhotomiérograph of a wature pore showing the
] hemispherical. dome (¢); the ring (h) and the
connection betveen neighbouring poves ().

1
|
|

See also Plate : Stain - acetocarvines | 1

' |
|

Ge  Photomicrograph of a cell shoﬁng: | o |

| a+« The area of curvature of the imner wall.

bo fhe conieal powtion of the ;:;ép_tuta of the
3.onexi1c;ell. |

! g, e pore attuched by the ring to the septun l

at a point where the mopbum appeaps to ba perforated. |

d. The inner wvall of the cell.
@» Yhe outer wall of the cell. _ |

This prevaretion was prepared by soaking the mierial,

j
after staining in acetocarmine, in concentyeted i

| lactorhenol and then squaching under a cover slip in such

1_ a woy 68 to cause the cover glass to silp.’ f
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The apical cells of the filpuente appesr to be highly susceptlble
Z‘Lo aamag» when ohb piantq nre grauing under natural conditions. The
1aator or xauhora rebyongibie zor the damage are as yeb unknown, but it

s Pcam.ble vhat ’c,he abma:ma action of mtermburne sand particles my he
of some 1myoruance and iv is perhaps signaficant that in cultwre, in the
'absenue of momnf: soma, damagad apices ave very rare.

While the agacal uali remaxns healthy it dominabes the filawent so
that thore 46 geaerally no &ntorgalany uerisvematic activity. However,
ﬁblldwing the &ﬂ&ﬁh of an épicai éell. oé'a}grﬁﬁﬁ o£ ce1ls; tﬁe fifat cell
helow tma Line Q-L aamag,c becomea mem&tem&ic and grows oul t:hroug,h the
olé cell wall and aasumem the iunction cf the apical ceil, Due to the
fact that in the 1n;cial btagsa cf the rrowth this cell is confined within
the linits of - he old outer wall of the f&iament, ay first it is less broad
than average (Place 125, The naxwvwing is however only Tomporary and
soon the ordginal call w;dth i rewastablishaa. Tho rﬁgibn of damage is
indicated by two tbing () a ragion of conatrictinn in the firsteformed
¢ell, (2) the presence of a teollan’ foxmeu by the broken edge of the old
outer wall (thebe features have baen used to &ctermine the mie of growth
of the alga in euliure as de~cr1bed in the foilowing section).

Rggcnerahion of an.ap&cal cell takes placa no matter how distunt from
the origiuad apical cell damago occurs, therefbre svery call my be assumed
to be patentlélly neristematic although the pntentiality-as in some way

suppressed by the presence of a healthy apical cell. his suppressing of




Plate 12.

Photomicrograph of region originally daingcd showing
the collar of the old outer wall (¢) and the momentary

parrowing of the first-formed cell below it.
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130'{:-:«::514:5.;:11 mer:iaﬁenz’ati.c activity of ipterezlary cells by an active spical
et U A Ry ha due %o the production of a {rmwtharem.‘!at:!m- !m-mnnc b;r the
apiend oell, Esnﬁ :¥ta stzbseovert ai.fmsion alnnu ﬁm f*.lamnt 'in & mnner
analaffcuf' w tho Funm'eﬁs'ian n‘f‘ aixdllary !mti dev‘e&mpmmt :!.n hirrher planta '
'b,,}' t!w &, f:&’vsion of hcrmmer from thp epexs Ei'h*ls t}«eoz,-y daes nc%t, hmevex-, -
# ppesv:c' o }m conpabible with the ob*a#zﬂraﬂ pro:mction af domvz‘rd»gwwin p
E;:.lamants fmsn apical port:i.am of plants msressi' r!p' sn ;\ndamged apisal
cell.







The development of roleasaed tetraspores has been followed both in
culture and in fixed wild materdal. No differences have been observed
- between the two with the exception that in culture there is a high
propontion of germination in situ within the cporengium. This is
occaglonally found in wild material and way be dus to the absence of
alternate desict;ation and immersion which is probably necessary for the

rupturing of the sporangial wall,

Observaticng

The mature spores are released through an apieal pore in the
sporanglun,  They are spherical, uninucleate, mlt;memi_d and possess
a thin ¢ell wall, Since the gporangle are pot unifornm in size there is

33

some vardation in spore dlameter within the yeglon of 18-20u, Upon coming

into contact with a suitable substrate the spors moulds itself oclosely to
it. The initial attachwent and mouldivg ave probably due to thé
gelatinisation of the lower wally this is f£ollowed by the secretion of
& dgolourless substance around the base which becomes fimmly attached to
the substrate (Fig, |2 A,B,C), Further development iz of two typest

1. The spore produces one, rarely two, germ tubes, batween 5=10u in
diemeter, from the side, occasionally from the top. This is cut off by
a cell wall and functions for a time as an apical cell, producing a short
filament of up to three cells in length., The {ilament my be simple,
more freguently primary latersls ave produced from near the top of the
cells, generally one, occasionally two, per cell. The primary laterxals
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A dapramatic representation of the stages of zpores
geg%mtiﬁn-
' A, B and C are common to both types.

It and E are female and male plants respectively.

= pyrenoid
mucilapge
= {richopyne

o I -
Q

= @spermtangium,
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way sometimes bear secondaries. Finally from the apleal cells of the
filaments there are budded off one or two globose, pearwshaped laterals,
‘ghalepn§gn§alnf whiah ;tund off and are ?eleaagﬁ_thruﬁgh an gp;cal_pofg
as a colourless SPETU? petween 6 and 8u ingigmgteii(Eia; 123}»: |
2+ In the second case the éﬂrm tube is in the region pr 1oq1§ﬁ-£n
qiameter. o1t is cut off by'g-érosafwall s:om the apqrq,_qnd glves rise
to a filament of up to four ¢ells in length, .IBoﬁu cell length and
breadth dimdnishes towards the apex. The apical cell finally produces
a long colourless protoplasmic halr with a bulbous tip (Fig. 12D).
Only one instance of branching of the filament has been tbserved.

In both cases pyrencids and chromatophores similar to those in the
cells of the tetrasporophyte bave been observed in all but the terminal

93118&

Germina ‘ ﬁ.qﬂ in situ

ﬂany instances have been raobﬁded of the germinatioﬁ 1n.si£u of the
tetrasporea, especially in auiturad material., Instances have howater
heen seen of germination g;;u of spores in wild materdal.

in all oaaes no fay obsepved, the products of germination.nre
aimilar to thome of the released spores.

There is no indlcation that the sporea lhich germinate in the
gporangium have iailad.to underso maiasia, as is sigmested by Boney (1963)
for Antithemnion plumla. | | |

Prior to gexmination, the sporas swall oonaiderabxy‘ ntratching the




sporongial wdl, but failing to rupture it (Plate 19A):  The released
spores yrobablycwell in & similap ronner but due to the vapiation in
sporangial (and thus spove) size it is difficult to be certain of this,
The spores prodice a germwtube in the manner previocusly described,
and this plerces the sporangial wall (Plase 14B).
. The products of germination are of the types previousiy nobed . °
{Plate 14 ¢,0). - o
Although all four gperes have 'beeii observed to gorminate within the
sporanglum, #o oxemplon have been seen in which the four products’ ware
pature, with tho pesult thiat it is not yet knownj whether each of the
padxs dn the top and bottom halves of the sporengiwm a¥e of the same gex,

or vhether the arvangement is vandom,

Dis'eussion.
in v:l.ew of the i‘aqt that it seems definitely estoblished that
réduction di.mion doas f;aka place during. the :E‘.i.rat nuclaar dirisim in
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tue tetrasporanglum (Cytology)y and consldering the form of the sporelinga

dessribed above, it appeai';a jua-sfii‘iable to agg&pﬂ: the two types of
gporelings an heing male and femle. \

The type of germinaﬁion acscrihed is mthem different from that
recorded by Chemin (19,3?) who observed the formation of a 'maseld
pluric.ellulaiz;‘e* before the indtiation of an erect filament s However,
Ghenﬁ,nia illuat'mtibn's oi‘ gernﬂ.na'!;ion are not ;:lgar on some points; for

exampley he makes no mantion nor pives any indicabtion of the presence of




Mte 13

A photomicrogreph of o mile plantlet.

| B. photomicrograph of & female plentlet faken prier

to the production of the trichogyne,

1?:_{];(1 materiol fixed in FAA and stained with cotton blue

in ilactophmol.
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Prate 4.

Fhiotomicrographs showing stages of the in situ sermination

! ) . - .
of ltetraspores. Material fixed im acetic aleohol stained with

agdtocursine and ootton Blue in lactophenol.

! &v

Be

1

The ﬁrsé stage in germiuatioﬁ. the spords bave
owollen, stretching the rspo'rang_l.gl walds,

One of the spores has produced & .g;'em-.-.tubé (t).
One of the spores has produced 2 young nalé
plantict.

ferly stage in the developument of 4 ‘:{’emal_a» plant.
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pyrencids vwhich in heulthy material are wost consplouotis; wmoreover, his
desexiption of the plastide muggests that they were ¢lumped, & féature
gommon in degenexating spores. Heé alsp mentions th&t'ﬁhdérﬁthe-'-
conditions of cultwre which he employeds the majority of spores were
complotely degenerate within a forinight; indicating that the gonditions
wera uwnfavourablos

it may be however that under certain environmental conditions
tetracpores will form a multicallulay mass befors the formation of the -
erect systems This remaine to be seen.

Qr. the other hand, the type of germination dessrihed is not uniike

that of the specles of Aerochactium epiphytic on all samples of

R flopidulum collected during the present investipation, and since
Chemin descxibes his difficulty in following parmination dne to the
presence of numerous smell algal epiphytes, it my be thal these have been
a gourse of confuslon.

_So farno stages in fertilisation or postefertilisation changes have
been obzerveds The sporcling culiures ere being maintadned in an,értogt
to discover these critienl phasos in-the life-history.




Ce  Cytolopy of R floridulum
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Grtolopmy
~Gytolom

Iitroduction:

The fivst 50 yours of the mwesoenid century were onos in which the
foundations of Ida.qdbpl_l;gf‘:ean cytolaogy wore laid, through the investigations
of workews euch us Wolfe {(1904), Yamwouchi (4906, 1921), Lewis (1909),
Rylin (191h, 19162, 1916b, 1917, 1924, 1040), Cleland (1919),

Svedeldus (1915, 1933, 1937), Drew {103k, 1935, 1939, 19431,
Westbrook (1935), and Drew 1944) gives an exhaustive roview of the
gvailable knowledge on the subject up to that time,

Since then investigations have buoen céntinued by various workers
including Mogne (1952, 1901), Frasaka Rao (1953), Kydchnamsthy (1659) and
fagbin (1955, 1956, 159, 1960).

Of thoene dnvestipators only Drew (1939) studied « member of the
genus fhodochorton, the fresh water specles R, violaceum, in which she
found a tetragporophyte and separate male and female plants similar in
form to sach otheyr and to tﬁe Letrasporophyte, but she did not determine

the chwonooone Hupber or the site of usiosis,

1. Cytological techniques:
(a)
The Brazalin technique {Drew 1934).
Method:
1, Fix in a solution prepared by mixing 100ml. 707
alcohol with 6 ml. 4OY formaldehyde. Shake well

and leave for 24 hours, Pour off the fixative
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B

b

Se

6.
N ?t

Qe

105

1.

12

Resultst

and yeplace with fresh, Flace materdal in a
strong 1ight to bleach.

Wash in 700 alcoohol,

Mopdant for one howr in alcoholic slum prepared by
nixing 23 ml, 4% ixon alum with 77 ml, of 90

aleohol .

tiash for one hour in seversl changes of 707 alcohol.i. B

Stain in a 0.5% solution of Brasalin in Y0¥ alcohol

for 13-43 houva.

Wash in 70% aleohol until no excess stain comes out.
Pass throupgh o meries of 5% grades of alcohol,
leaving the material in sach for 15-20 minutes.
Plage in sbsolute alcchol for 1 hour changing
liquid ;ance.

Pags thirough a series of geven grades of absolute
alcoholwxylol, leaving the material for 15-20
minutes in each.

Place in xylol for 1 hour.

Place in dilute balsamexylol mixture and leave for

several hours.
Pass through three higher grades of balsamexylol

mixtures angd mount.

The procedure gives satisfactory staining of the

¢hromesones tud ia too lengthy for general use,

PR P N




(v)

B3

The agetocarmine technigque (Belling 1926).

Prasaka Rao (1953) veported obtaining satisfactory staining of

algal chremosomes using the acetocsrmine method described by Belling (1926),

and 4n a modified form it has also been employed by Austin (1956). The

following modifled method was used,

Mathods

1.

2o
3.

Y4e

S
6.

7.

?’ix- in a solution of 1/3 glacial acetic acid/
absolute ethyl sleohol, for 2 minimum of 510
minutes, A few drops of a maturated aqueocus
solution of ferri¢ chloride added to the fixative,
or & gimilar amownt of ferric acetate in the acetic
acid of the flwative gives patisfactory mordanting.
Wash in peveral shanges of distilled water,
Transfer material to a slide, add a drop of
acetocarming prepared as a saturated sclution in
45% acetic acid and tease out the filaments with &
pair of fine pointed needles.

Cover with a fumber Q .qover-.-glaas and heat to
hoiling over & bunsen pﬂoﬁ flame,

Add fresh carmine and boll again.

Squash between several layers of blotting paper.
Seal the edges of the coverwplass with rubber

solution.



Resulte:

. The chromosones stain an intense reddish-black.

~The eytoplaism of actively clongating or dividing colls such

- ag apleal gells oy younp bBpovangia also stain intensely and

. bécause of this it iz often difficult to clearly resolve the

. ahponosones.

' Short perlods of hydrolysis (2«4 minutes) in 1 N GHL

at 60°C,. considerably reduce the’ stainabllity of the cytoplasa.

(e)

Apeto-opoein technigue (fa Cous 1941).

Methods

1.

-

4.

S

Fix in 1/3 glacial acetic acid/absolute ethiyl
alcohol for n minimum of 5 minutas.

Pransier materdal to a slide, add a drop of aceto=
orcein (prepaved as a stook solution of 2.2% in-
glacial acetic acld and dilubed to 455 of thie
concentration héfore use), ond tease out the
fMlaments with a palr of fine pointed needles.
Allow the préparation t6 stand for severel minutes
to glve even stoining and then cover with a
numbey O dover-gluse,

Squésh- batween several layers of blotting paper.

Rng ¢dges of cover-glass with yubber solution.
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Resulta:

Metaphose and anaphase chromosomes stain intensely.

()
The Feulgen techuiques (The stain. belng prepaved according to
I4231e (1951) ag desoribed by Sass (1959) ).
Method:
4. Fix in 45% scetic acld or 1/3 placlal acetic acld/ .
aheolube ethyl alcohol for a miniwum of Pive minutess
2. Hydrolise for 2e4 minutes in 1N HCL at 60°C.
3. Varh dn several changes of diatilled water.
e Stain for 34 hours.
Bs, Tranefer to o glidd, teace out material end cover
with a number O coverwglass, -
6. Sguach between peveral layers of Wlotilng paper:
7+ Seal edges of cover-glasa with rubber solutions
Resulta:
The chromosomes staln black while the cytoplasm remains

unstained,

(o)
Aqueous Azure A. (Flax and Pollister 1949).
Mathod:
1. Fix in 1/3 glacial acetlc acid/absolute ethyl

alcohol for a minimum of five minutes.
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. 2. Hydrolise in 1 N HOL at 60°C. for 410 minites.
Xoo  Stodn for 70 minntes in o mixture of 50 ml. 2%,
Qquecus Azuve Ay 3 ml. 109 Naﬂf:‘e%, % ml. 1 N HCL,
ks Bomove excess ataln by washing in 25¢% aleohol.
S5« Transfer mbordal $o a slide, toase oub in o .drop
cof dlatilled water and cover with a number O
cover-plass.
0. Squach botwéen oeverad, layors of blobding papex. .
7« figRl a'dges 0f coverwglags with yubber solotion. .
Resultes.
The chromosomes atadn dark. Mluewsrad while the eytoplasm
stains a- ight bluewred.

Cholove of standard gtadn.

The acetocarmine technique erployed after hydrolysis was choseén ap
the standard stain because of the vapidity with whioh waterlal eould be
prepated for cytological examination by this method.

Becaupe of the inﬁéna:i,ty with which the cytoplach of actively
#longating and d.widing cells atained in wnhydpoliced proparations, the
acetocaymine technique cau also be used Lo deberming the gwmerael condition
of oulture material snd 5o provides an easy method of roughly comparing
algal acbivity under diffepent conditions.



2s Culture techniques:

Methods. 7

Apporatus, |

The alga was grown in 250 ml. conical flasks, ftted with dreschel
heads when aerated, otherwise lightly plugged with noneabsorbent cotton
woole Duplng screening mﬁerimenés the flasks were placed inside
800 ml. beakers into which solutions of the dyes were xun.

The cultures were kept in a FPresteeld ¢oldwcabinet at a tempevature
of 5°C., under artificial illumination from two fourefoot Mazda Daylight
fluorescent tubes placed 14 inches above and 8 inches to one side of the
culture racks, giving 4 maximm 1lipht intensity of 860 lux on the top
shelf, L3yolux on the second, and %15 1lux on the third. The lights were
controlled by a time switoh to plve eight hours 1llumination dadly., In -
addition, the cold~cabinet contained separate units scre&md fronm the
general illumination, in which lighting was provided by two=foot tubes
controlled by a separate time switch so that daylength could be varied
as reguired.

During experiments, the flasks were always arranged parallel to the
tubes and at equal distance from them in order to obtain equal
1llumination.

Agration was provided by Hy-flo electric pumps; the rate of tubbling
being controlled by a sorew=¢lip on the inlet lead of each flask. To

remove air-borne bacteria and fungl, the air was cleaned before entering

the cultures by passing it through a filtering colum lightly packed



with cotton wool, & series of three waching bottles each containing

200 ml.. of acidified potasstum permanpanate, and three containing 200 mil.
of distilled water. To increase the efficlency of the system, pumice
stone bubblers 'were fitted to the inlets of the dreschel heads.

Before use, all glasaware was cleaied by immersion in chromic scid
fo¥ forty elght hours, then, together with all tubdng connections, -
théruughly'washed in boiling water, vinsed in distilled water, and
auboclaved at 15 1bs. p.s.d. for 15 mihutes, -

Mothods: 2.
Preparation of materdal.
 Before use, the material was treated in the following manner to
vemove mud and sands
‘1. ‘Rinsed in ceveral changes of sen wober.
2. Trapsferved to an epnamel "dish=and-wéahed in a
et of gea watier from a waching botile.
The tufts were then placed in a petrl dsh containing a little mea wabler
and examined with a binocular digsecting micvroscope., The presence or
absence of tetrasporangia and the general condition of the material was -
recorded, Badly demaged matericl was rejected.
Medla tested.

A. Schyeiber (1927)

Sea water 4000 mL.
sodiun nitrate o 041 g
Di-godium hydrogen phosphate 045 gm.

e



B: Congigting of A, supplemented with vitamin mixture from ASP 6
(Frovasoli, Melaughlin and Droop, 1957) -

Sea water 000 aL,
Sodium nitrate 041 gm.
Dimgodiun hydrogen phosphiate 0.5 gns

- Vitamin mixture 440 mly

The vitamin mixture has the following compositions

Thiamine,HCL - 0.2 mge
liicotinic acid Qe mge
Putrescine.2HCL 004 mg.

 Ca pantothenate Q.1 mg.
Fyridowine.2H0L - 004 ng,
peaninobenzoic acid‘ 0.01 g
Blotin 0+5 ug.
(31*.;(:3.‘:5‘.!1.'II‘,a citrate 0.5 wgs
Thymine 0.9 mg.
Tnosltol - 1.0 Mg,
Opotic acid 0,26 ng. -
Riboflavin 5.0 ‘ugs
Pyrd doxamine 2801 0.02 mge

~ Folic acid 2+5 ugs
Vi‘l‘.amin*ﬁ,‘a 1.0 ug.
Distilled water - a0 wul.
pH 720




¢, Drew-Keighnasurthy (Krishnamiethy 1959).

Sea water

Unheated s0il exbtract in sea wateyr

Mineral mixtuge

The mineral mixture has. the. following compositions

EDZA (disodiwn salt)

Sodium nitrate

Diesodium hydrogen phosphate
0.2% golution of boric acid
0.1% solution of ferric clirate

Distilied waler

D, Foyn's Irdschpaiber (Foyn, 1034)
Ser. wabar
Soidiwn nitrate
Di~godium hydrogen phosphate

Soil oxbract in sea water (¥ v/v)

£66,0 ml,
25,0 .mte .

0.02 ‘gms -
D20 pme
Q04 gm, .
1,00 1l .
125 mle .
50000 ml, -

100000 nt. .
Qot .02
0,02 gue .

50,00 21, .



B V 37 (Provacold, Hclaughlin and Droop, 1957, modification 2 {Stewart,

Thesid) )
Sodium nitrate
Sodium chloride
Magnesium chlowide
Caleium chloxide |
Diepotassiun hydropen phosphate
PotResiun sulphate
Ferrid citrate
Citri¢ acid
Distilled water

Trace alement supplement added:

The composition of the trace element cupplement is as follows:

e (as CL)

Mn (ﬁa'@i)

Mo (as Ha salt)
B {(as HSBGBJ
Cu (HE 304)

Zn (as 504)

010 gy
5;00 @'ﬂv

o 0!?5 gmﬁ

24,0 mg,
8.50 @;

0'.O1 2ite

001 @9’0
001 ‘g
1000,00 ‘nl,

0.4 mg.
R
0Vl gy
01 mg
007 nmg,

0,01 BSe



¥,

In all cages the sea wabey was filtered through No. 1 Vhatman paper and
aged before use (Harvey, 1944).

were antoclaved at 15 1bss pes.is and allewed to cool before use.

ES enrichment (Provasoli, personal communieation)

£l

Sea water 100000 mL.
inpdchuent 20,00 mt.,
composition of the enrdchment is as follows:
Distilled waker 100,00 ml.
Sodium nitrate 350,00 mg:
Desodium gglyéeropﬁosphate 545;00 mge+
Fe A (111 molar PeOLy, & Naamaj 2.50 ng.
PAL metdls 25.00 m.,
Vitamin B, 10.00 ugs
Thiamine 0450 ug,
Biotin 5,00 ug.
Trds buffer 500400 mg.
ot 7,8 | o
metal mixturet

Digbilled water 10000 ml,
Boric acid O 11b g\.
Ferxic ohloride,6H,0 hi90 ng, |
Manganese sulphéte.#ﬁao 16440 nge
Zine sulphate,7H,0 2.20 mg.
Cobalt sulphate.7H,0 046 mg.
Naaw?& 100400 mg.

411 additives, except whoere specified,

.
zi‘u’ ®



LIS
Culture expeviments to detoviine the most sultable medium,

Gonbrol,

Before asﬁarting the cnliupe e‘xj‘gax‘irﬁmts inveatigations were mede of
the aci;ivii';y' of the plant under ratural conditions, This was' done in the
folloving maim'em .

Semples of meterial were fixed ab the same time at different levels
on the shore &o @s to ibelude submepged plaﬁta 2o woll as thosé which had
been expoaed for wrying lengthe of time.

Sampleé of material from & particular level on the shore -.@e.i'e fixed
at intewals during the period of exposure: (a) 3s the tide retrsated;
(b) & the tide advanged,

The material wae then stained and examined, estimtions béingz made
of the actiﬁgéﬂ:u; bslze apiegl. pells at different times of the day, and
under different éonditions of exposure. Tables 1 and 2 show the resulta

of two of mny such investigations.

Zable 1

Date: 1hth Sephember 1961.-

Siter Mliport.

Tides Advancing. Low tide 10 p.m.

Yimo fixed, . . Tevel on shove &% number of dividing apices in gample
10.45 a.n. Upper midwlittoral 100
10.45 e, Mid~1ittoral N )
1045 a . ‘Towes mid=littoral -

{submersed). : : 93
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Table 2
Datet 14th July 1968,
Site: Portmhomack.

Tide: Retreating, High tide 10 a.m.

Timo fixed  __ Level on shore
12,30 petie mid=-littoral
(exposed) a6
2 Pt " 100
* pans " 100
5 pam, . 98

It wap found that thepe was no Jmarkedi: difference in the percentage
number of active apices between plants at different levels on the shore
or in the same plant at different times of the day.

The percentage number of active apices was nlways high, the averege
being 85¢%, the lowest examined 6075y These percentages are based on counts
of undamaged apices. Most plants examined had about 20% damaged apices,
but in pmrtioulax s‘impi‘qs the flgure was as high as 90%. The reason for
this damage is not known; in some ¢ases the dammged apieal cells contained
Chytrids, but these accounted for only a small fraction of those axamined.
fhe control figure was taken to lie within the reglon of 60=100%.

The media were tosted as follows:

Approximately equal samples of materdal preparad as deseribed above

ware placed in thiee flasks containing 200 ml. of the medium, and the




51,

flasks arranged so as to receive egual illumipation, At the end of 20
days, samples from each flagk were fixed and stained with acetocarmine
and: the percentage number of active apical cells determined. The first
maddun tested (A) supported apicol growth 4n the control range; the
sporangia, however, degencrated. The other medla were testod in a similar

mapuer and the results ave shown in Table 3.

Table 3

Medium __Vepstative

A Within control Degenerate
| venge Gee »- 59
.
6o K IR T
({4 g L

i 1

1 &8 ©w & w

" ' i

The results of futther variations of the medium on sporangial development

ape shown in Table 4.




Zablo b
Qﬁmﬁmﬁﬁ — . o Spﬂra.pggal condition att er 20 'ciézs_
piution of medtum to o |
 obbe Jon B0d 3 of stondard RO« . e, .Jlggane___rmte' 3

. Reduced sedinity, o R AT
by Joo Jrgtomdard | . Degenevate

P variation bétween 5& 8  ° Dogenerate

Altemation of depleted with
anriched media, from 1=-10 daya

Ansach e Dogenerste
In”"asedaemﬁonbymg ot - co

electrio pumps . —gjgneTO e

Twice daily immersi.ox; ami
destcoation in tidal chambep
(Ateemy 1949) | oo

?

Degenerate

It was concluded that the influence of the medium was in itself not
responsible for the dega‘sieration of the sporanglum. . "

Sex water + BvS. was arbitmrily chosen as the gtandard medium and
was used in the experiments on. the influence of light.

Rate of growth in culture.

Ae has baen previowsly notetd, following the regeneration of a damaged
filament, the position of damage ic warked by the momentary narrowing of
the filament and the presence of a *¢ollarx! formed by the remains of the
old outer woll., These factors have been used as a basls for determining

the rate of growth of the alga under standard conditions in culture.



53

Eethﬁd;

A hea:!.th,y plant wae placed in a petxﬂ. dish containing sea mi:ar
and the fi.laments pavarad a unii’orm d;:.atance beh:lnd the apax. the |
opaeration beim carried cut with the aid of a dlasecting microscope.

The materdal was then transférred to o 250 ml, flask cantaining 200 ml.,
of IS aupplemented aea w'zter and placelin the cold aabinet. A portion

of the mteml wap removed daily and examined microscopically.-- R

Regults:

It was found that dur:ing the f‘.‘!.rst ten d‘ays :t‘ollow:ing decapitation
no new cellts wore pmduced. On the tenth day the Dirst now cell began to
break througl the septum and fron then on a new cell was produced on
average mr.qi'y LR .day.s}, -

The ten day lag perlod and the average time vequired for the
production of & cell were confirmed in similar experiments in which the
material was examined every 20 days. ._

This technigue provides a pobentinlly wselvl method of determining

the rate of growth of the alga under different cultural conditions.




The experiments described on pages 54=59 are the results of
investigations similar to those of foney {1962). These appesred
to be relevanl bto the degeneration of the tetrasporangia which
had been observed earlier in the current investigations. They

are preliminary in character and the resvlts cannot be taken as

conclusive without further investigation.




EXPERIMENTS ON THE EFFECT OF LIGHT ON SPORANGIAL
DENELOPMENT



5y
The influence of light on sporanglal development.

During the experiments previously described it was observed that the
mte of degeneratlon of the sporangia was slowest in those eporanpia _
situated in the centre of a tuft of the cultured materials This suggested
that 1ight was in some way responsible for the death of the sporangia,
cither the spectrel composition or the intensity bedng barmful.

Boney & Corner (1962) have shown that the growth of Plumaria elegans
can be influenced by the qampoéit‘ion of incident lipght, the light being
seresned by aqueous selutions of phycoerytbrin or chemioally related dyes,
These authors found that aqueous solutions of eosin yelluw, of
concentrations from 0.2-0.5 mp. dye/q, had a marked atilmlatory affect on
grouth. This dye, sbructurally related to fluoresceln, bas an absorption
peak at 515mu, spprroximately at the centre of the runge of greatest light
absorption observed by Boney & Corner with phycoerythrin.

The effact aof agueocus solutions of this dye on the development of the

pporangia was investigated in the following manter:

Method 13

Cultures were prepared in the manner previously described and the
flacke placed inside 800 ml. flasks each containing 900 ml. of eosin
yollow solutions of concentrations from 0.2+2 mge dye/1. They were then
ploced in the cold-ocabinet so as to receive maximum illumination (860 lux)
and left for 20 days, after which time samples from cach flask were fixed,
stained and examined. No attempt was mia to estimate any stimulus to

vegetative growth, tut the condition of the apices was nolhed.



“The: results are chown in the following table.

Isble s
" Dye concentration _ | ' o
"1 A Nog. growth _ svorsngia
Gontrol 0.0 within contrel renge  degenexate
. ‘ - ' - See p.e 5 : -
0.2 ) T t
Q.J’. u | Y
0.6 | " | n
0.8 . [ t
1.0 - . 11 l | L1 |
2.0 " | i
Conclusion.

In the ¢oncentrations employed, the effect of the eosin sereens on

the development of the sporangia was negative,

Method 23
'Cultupes ware prepared as previously described and screened hy the
following solutions: - -
(A) Aqueocis solutions of eosin of concentretions betwesn 0.0 and

1000 mg./“ +
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The zbsorption spectra of Ilford gelatine filters in aqueous sclution.

BG blue-green _

p4 yellow _

G green
i IG yellow—gresn.
M See p. 56(B).
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1.
Aqueous solntions of Ilford gelatine spectrum ﬁltersz |
a.. Blue»green (ma:d.mum trensmission ‘+7GO«~5200 A) |
b. Green (maximmn trensmission 50005400 &) .
¢ Yellowmgreen (maxiemm trancmdssion 53005700 A)
d. Yellow | {maxciasam tmnamissd.on 5600=6100 A)
Diluted 50 aa to glive & Wa reduction in the intensity of the
:I.ncident light. )
2e
The same filters dluted so as to gd.ve a 60% reduction in the
intensity of the incident light,
I’ﬁ.gnre 1¢+A ahows the graph of the spectral energy ddstribution of the |
1light ecurce enmloyed, figure 13 shows the absorpb:l.on spectra of the |
gelatine filtem; figure 1413 illua'bmtes the ahsorption curve of an :

agqueous solution of eosin yellow at a conoant:ﬁation of 10mg./1.

(C}  Aqueous solutions of indian ink giving the Ffollowing percentage
reduetion in the intencity of the incident 11@3;{:': |

1. - 30%
2e ~ bog
Be 5O
L, 60%
Se 707

Unscreened cultures gerved ac a master contyol for the experiment,

The cultures were allowed to stand for 20 days and then samples were
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fixed, stained and examined.

Results: Table 6

(A}
" Dye congs | Vegotative w owth . Spovemea
0.0 mg./1  within aontrol yange  degenersbe
| -~ . (8ee p. 50)-. :
0.2 mge/1 B "
2.0 mg./1 | e o 1
10.0 mg. /A n " active
05 g/t " degenerate
1.0 guie/1 ! | Mt
(8)
18 2,

It was found in all sases thait although the mjority of the
sporai_;gi.p.-hgd not degenerated, the nuclei remiined in the |
interphase condition. The f’;i;l.tg_r:a had therefore prevented
degeneration but had failed to stimulate division.
(e |
The sporahgia were found to have degenerated in 1; in 2=5
degeneration had not occurred but the nuclel were inactive.
It was later found that if the concemtratlion of the sgoludions of the
gpectrum filters was weduced to o level glving a 300 veduction in the
incident light intensity the activity of the sporengia could be stimlated.




Conelusions.

%% hae been observed that the degenersilon of sporangie in culture
gan be p;'e?mted by ﬁ::rqening the cultures with solutions of certain dyes
and it seems 1likely that the ei‘-feci:. it due o' the removal: of certain
inhibitoxy wavaaléngth{s from the spectpum of. the incident light.-

It i realised that the experiments demordbed can be @midqred only
as preliminary investijations, and that more detailed study is required
bafore the eflest of Light on sporengial de?eléymnt can be understoed.
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The effest of dayelength on sporanglal development.

The affect of the duratdon of the period of illumination 'on:'th'g-
development of the sporangia was Anvestigated in the following rmanher.
Methads |

Cultures weps prepared as previously destribed and piaced for
20 days in the Llght chanbor screaned from the majn hdy of the colde -
cabinets
. In a gerdes of experiments the time awltch was adjusted to give
from 3=-24 hours iillumination, the day-length bedng reised by 3 hours for
each new experdiment.
Resulta:
It wes found in all cases that the sporengia had degenerated by
the end of the experimental period.




CYTOLGGICAL OBIERVATIONS




Recording of cbservationst

All observations were recorded photographically using a Zelas
Attachment Camera with coupled photocell.
Flm: Ilford Pan F, 35 mm.
Developer: Ilford ID2
Johnson *Defdnolt,
Ilford TU2 was used to develop the greater part of the £ilms and

the prints taken from such nepatives are marked ID2. It was later

found that negatives developed in 'Defincl' foxr 40 minutes at 20°¢.,

had a finer grain and better contrast, and consequently 'Definol’

was used in preferance to IN2. The prints taken from such negatives

are marked ‘DY,

Throughout, an Ilford tricdolour green filter was used to improve the
sontrast of the chromosomes against the background of cell content.,

Microscope:

The greater part of the photographs were taken with the
Camera attached to a Baker Patholette, using a x8 eyepiece and a
%50/0.95 Fluorite oil immersion objective. The resulting prints are
marked 'BY,

Tt was found that the Baker x100/1.30 Fluorite oil immersion
objective gave negatives lacking in resolution.

Those photographs which were not taken with the BakerwlZeliss
equipment were taken with a Relchert 'Zetopan' with camera attachment,
using a x5 or x8 eyapiece and a x100/1.30 Fluorite oil ilmmersion lens.
The resulting photogrephs are of a much hlgher guality thah the others

and are marked 'RY,
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GYTOLOGIOAL OBZERVATIONS,

1a H:L’catic div:laion. »

| The pmeaas o:t mitoais was followed in the apical ¢alls of the eract
system o:B mterial grown in cu:l.ture, fixed and stained as previously
described. compar:l.son was a.'iao m&e with mterial fixed on the shore.

In general no differences were obaeWed.

Obsepvationss , _ o

-1+ The :!.t_aterpha.se nuoleus. ‘
The majority of the nuclei in any plant ape in the interphase condition.
The interphace nucleus is sphericel with a diameter of approximately Su,
It contains a spherdecal nucleolus of from 2,6 ~ 3.6u in diameter, which,
in sontrast {o the nueleolus of a nucleus in early prophase, stains feebly
with acetocarmine, . Surrotnding the nucleclus is a reglon which contains
a network of flne strands staining weakly with acetocarmine,

2, The dividing nucleus. _

The nucleus of an actively elonpgating cell at the onset of prophase is
generally spherdcal; in squash preparations the form mey vary between
spherical and pear-shaped, but this is probably due to the yressure applied
durdng stalnings since cbaservations made with living material indicate
that the nucleus is spherical., ‘The maximum diameter of the nucleus at
this stage ie 1%u, and apart from a non-siaining reglon immediately within
the puclear membrane, it is entirely filled with.a nucleolus which stains
intensely with acetocarmine, but not with the Peulgen technique.

During the early stages of proyhase there is a. gradual reduction in
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the voluue of the nucleolus and the chromosomes appear in the zone
surroumt!.ng it as greatly elongated, faintly staining strands. By late
pmphase *ahe nuclaolus has disappearaa, and t:ho chromoaomes have ahortened
' and thickoned to dot car rod-like dimenaions, and lﬁ.e scq’ctared round tho
pextlphex-y of 'bhe nucleus. At thia atage they are au:r:t‘iciently diat:!.nct
ta al:low q count -l-.r:.- be made, but aince they t.end to obs&ura one anather

its ha.a nok been posai’ble to obtain a'd_e:t‘:qm.‘ue1 flgure. The number lies
betiesn 16/ and 22, mth 20 | representing the overage of 30
counts,:

During prometaphase the chiromosohes move fiom the periphery to the’
centre of the nucleus where they bocoms afrﬁng‘e'&: in an open Ping around’
the pex:'lﬁhery of the metaphase plate. At this stage individﬁai chromo-’-
éomérs'afe sti11 sepayately resolvable ahd-éb t'::iﬁ'he- measured; :!.n 1engti1l
théy vary from 0.75 - 4.5u, average breadth is 0»5u, | |

A mefaphase sontinues, the ch'ro.'mosomeé ove closer together until
they form a compact, intensely ctaining mass in which individusl chromow
somes cease to be seﬁdfa.'l;ely resolvable. Since the polar axis of the
apindle.liea purallel to the long axdis of the cell only emuatorial or
aub-eciuatorial views can be obtained with fhb technique emplc'ryed‘.

Yuring anaphase the long axls of the chromosémes Tiés ordentated
payallel with the polar axis of the spindle, suggesting that the
cmﬁrc;meric 'rez;ioxi is slivated at oy neay 'txie ‘end of the chromasomes. 3
No Veconfigurations have been ohserved, but tlie size of the chromosom'bé'

is cuch that even 1f they are present it is tulikely that they would be

apparent .




.mP moverent of meparation at aqappgga is undergone by the wpper
daughter chromatid group only, which mey travel up to G0u from the |
positlon of the metaphase plate to a point & short distance behind the
apex of the cell. Very often the separating groups assume a saucer-like
eppsayance, with the convex Gidp.directed tﬁwurda each other; sometimes
one of the pair can be seen in polar view. | .

A% telophase the chramoaomes uneoil, gradially 1osing their afﬁnity
for the stain as they do s0. Al the eame time the nucleolus becomes
stainakle and dnereasas in size until the early prophase appearence is
rewestabliched in both the upper and lower daughber nuclei. The nucleolus
in the lower nucleus, after attoining o maximum diameter of about 10w, .
gradually shripks as it entors the interphase. condition. .

In oceasional preparations twin mucleold exist in both the upper .
and lower nuclel .o It :!.s not known whether ox g?t‘,f;his is o normmal
condition of short dwration, the two nucleoll fusing to form the single
one which is normally observed, or ﬁp._pthpr: it.1s an abnormal condition.
That 1t may be the fovmer is suggested by the fact thab two pairs of
chiromosomes have been obaerved ta ;}oﬁﬁesﬁz satellite 'thmbsomes_ which
ray act as nucleolus organisers.

The behaviour of the gytoplacm duming nuclear dhvision,

The behaviouyr of the eyioplase during cell divieion, as dlscussed
clsewhora, can he related to phawos dn.nucleaxr division.
- During the early ptages of prophese when the nueleolus is still

conspiouous, the cell ie densely ond undfommly filled with intensely




6%" o

stalning eytoplasns - The shrinking of the mucleclus is acvompanied by
the apperrahice of a singll vacuole in the cytoplasm adjosent .to the oross-
wll. ' The gire of the vacuole increases progressively duri.ng_proéhas_e_
until by metwphase 4t oceupies the greater part of the cell between .th_ej >
nucleus ond the septum.  During anaphase and telophase it is gradually .
extended beyond the lower faughber nucleus up to a point a short distance
bélow the tpper daughter nucleus, The upper reglon rewoins wiifopmly
filled with dense oytoplacm . and bedomes cut off from the lower by the

formation of & sepbum,

Abnormalitles dn mitosis

On two occasions apical cells of culvured materirl have heen observed
to contain abpormal nuclei. One cell showed ociroa forty chromosomes in
late prophase, and it was thought that the plant to which 1t hc:_l,o;xgo;d
wight be at—étmplold Bamination of dividing nuclei in other apical cells
of the same filament showed however thab with tlii.a and one othe; exception,
811 nuolei had the normal complement of ¢. 20 chromosomes. The same
material, also produced a cell in which two metaphase plates wers arranged
asbove each other, each having ¢. 20 ¢hmm¢mﬁea. These two results taken
toRether suggest that under certain conditions two nuclel become inciuded
in the one c¢ell, dividing in the same region, with the result that during
prophase the two complements of almamommea' bacome mi.x'sd, only to seépavate
again at metaphase. | |

It has not heen p_csalble to 1nvestigat.o this abnormality.




Phobomierographs of stages of nitosis.




Interphase nucleus in intercalary cell showing reticulum (r)

and nucleolus (n), the conspicuous pore (p) comnecting the
cells and the attachment of the cytoplasm to the rim.
(R« D)




Plate 16.
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Very early prophase nucleus in an active apical cell showing the
enlarged nucleolus (n) surrounded by the clear ring (r), also the
intensely staining cytoplasm of the apical cell, the convex septum
with the pore (p), and the feebly staining nucleus (2®) of the

daughter cell. v = vacuole.

(B - mz)




Plate 1? "

A, B and C are photnmierographs teken at three different
levels in a late prophage nucleus showing the mimber of

" chromosomes to be in the region of 2021,
D is a dlagramatic interpretation of the same nucleus,

(B - IR)

——e







Flate 18. _ N
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Equatorial view of early metaphase, showing the more intemsely staining
cytoplaem in which the chromosomes are embedded, and the appearance of

vacuoles in the lower region of the cell.
(B - Inz)




Flate 19.

Subequatorial view of late metaphase; the chromosomes are
now very closely arranged so that the group is rather amorphous.
(B - xnz)
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Plate 21.
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Early telophase. .- The top daughter nucleus is seem in
polar view, the lower in equatorial view.
]
(B - Ina)



Plate 22.
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Telophase, The nucleoli (m) have been reconstituted
in both nuclei and the none-staining region (r) is
conspicuous. & = septum,

(B - mz)




Plate 23.
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The septum (s) is more clearly defimed; the upper nucleus (n1) is
in very early prophase, the lower (nzb is entering the interphase

condition.

(B - Inz)
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It s knom that periodic mitofic rhythms exist in certain algal
speclen, division ovcurring éexclusively at night in species of the generwm
Cladophors #nd Stigeclonium (Breun, 1851), Spirogyre (Breun, 1851;
Tamintzin, 1867; Sacha, 1874; Strasburger, 1880), Zygnema (Kurasanow,
1912), and Vauchsrds, Hydrodictyon and Ulothrix (Sachs, 1874), whilst
Karsten (1918) found three maxima in each Rl=hour pericd for species of
Clostexrdum, Cosmarium and Mesotaenium,

Leedale (1959) found that mitosis was aliwst exclusively confined to
the dark pericd in species of Hydyodictyon, Ulothrix, Mougeotia, Spirogyre
Zypnera, Closterium, Cosmarium and Staurastrum grown in biphasic culture.

No publdcatdons desling with perlodicity of mitosis in the
Rhodophyceae have been menticned in the literature examined and it appears
that no previous work bas been doné on -the subjeot.

Tnveatigation was mmde of the perdodicity of mitosis in Rhodochorton
floridulum grown in eulture,

Materinls
Culbures were smployed which had been established for not less
than three months and which had previously been shown to be growing

vigorously.

Methodst
The material was divided into 24 equal portions and each portion

pladed in a 250 ml. conical flagk contadning 200 ml, of ES supplemented




sea water. The flacks were then so arranged in the ¢old-cabinet as to
receive similar iilﬁnﬁﬁaﬁinon.

At the end of two 'weeks, fixations were made ‘dt hourly intervals
Supivg the perdeod of illumination (9 a.as to B p.ne), the contents of an-
individual flask being used cach time, and during the perdod of darkness
in the following 2hwhour period.

Tho fiked material was then stalned in ceetocamnine and a random
selection of 500 apices from exch sample examined and the ‘ratio of di;—viding’ .
to predivision nuclel determined,  Only nuclei in which the chromosomes
were visible were taken to be dividing, nuclei containing a greatly
eénlerged nucleolus {rse opposed to- thg imPlt ‘:z]ucleolus of the interphase .
nuclens) were taken to be predivisional.®  The nurber of these
predivisional nuclei remains relatively constant thioughout the 24-hour

period in any selection of hedlthy material,

Reéﬁlﬁ: | | A

| ﬂ.‘he results are Bhawn grapbically in fipgure ‘15. It uaa i‘ound
that the number of dividing nuclei during the light period was small and
relatively constant (3#500); duzing the first hour after the onset of
the dark period the ratio remained at the same level, but from the second
hour the ratic.rose steadily to a flrst maxdmum of 381500 at 11 pim.,
falling to a minimum of 184500 at 1 a.,m., before yising to a second
maxcLanur of 3&!500 between 5 and 7 a.m., after which it declined to the
1eve1 of the 1ipht period.

From the rev'ults of simllar experiments a J,ika pattern emerged.

Althourrh there was some vardation in the actual ratios cbtained, there
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Graph showing the increase in the number of mitotic divisions in the
dark period of R, floridulum. Samples fixed hourly.
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Was dlways an increase in the number of mitotic figures during the perdod
of darkness as opposed to that obtained during the 1ight period.

Thus Rhodochorbon floridulum grown in liguid culiure under the
conditions deserdbed exhibite a similar periodieity of wmilosis as has been

réported for other species of algace

2« Tuclear divislon in the tetyasporangium, -

In contrast to mitotic division, the ‘study of nuclear divielon in
theiﬁetfaaporangium has for the nost pert been confined to materlasl fixed
65 the;ahbre, Towards the end of the iruiting aaaaon of 1962»63 mathoda
for obtain ng the continued.deVelopment of spoxﬁngia in culture were

discovered, and it was possible to axamino some of the more important

atages of division in freshly fixed, clean material.

Observafioﬂs.

The nuclena of a young sporanpgium at the onset of prophase conﬁéins
a nucleolus of up to 12u in diameter whioch stains intensely with |
acetocarmine. .Suirouﬁding‘the sucleclus 1s & pakrow nonestaining zone
of about 1u in width. The nnclealus always ¢ontains at least one
consyicuous non-ataining regions ' |

Puring prophaée there ie o veduction in the volume of the nucleolus
and the chromosomes become ataihnble in the ehlaiging zone around it.

The earliest ﬁﬁagea of prophage aye not easlly observed. This has been

noted in other species, e.g. Austin (1960) in ggrcqllarialfaatigguté (L.}
. o . \ ’ Lﬂlo'
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but 3t can be seen that the chricubsomes bascme more intensely stainable
ag the nugleoclus is progressively reduced in volume.  Instanceés of
apparent pairing have been Observed in some ¢ases. - Diplotene has yet %o
be fownd, but two prepavations showed dlakihesis. At this stage the
angleolus is no longer visible although the nuelear menbrone persists.

A count of ¢« 110 pairs was made at dinkinesis, two of the pairs were
uhserved Yo have satellite chromosomss.

Duordug prometaphase 1 the bivalents becowe arranged around the
perdphery of the nucleolus before moving onto the wetaphase plate where
they become peripherally arpanged with their lopg axis parellel to the
pelar axis of the spindle, suggesting terminal or sube=terminal centiomeres.

éd;d anaphass the Qaughter groups rove to the oppusite poles of the
spo;fax__zgiumvwhgre.they dgsume & saucer shape, the convex side being
direotad _towgrds the pole.. i‘hi_skﬁa_hgép rgp:»rt;edsby Naylor (1958) for
Halidrys siliquoss Lyngb;, and Austin (1960} for Furcellaris fastipiats
(L.) Lam. At the poles the clumped chromosomes despiralise, becoming more
clongate ahd faintly staining, while at the samé time the nucleclus
reRppears and gmdually exilarg'ea until 'cfte Ipiaéiﬁisim condition is
re-establizhéds By this time the siaai-angium has been blsected b;y 8 septum,

The length of the interphase varies in tlf‘e’t:_wo halves so that the
onset of the second '&ivisim 18 ‘not always ayﬁchronousa

At the onset of pro;ahaée 11 the tiueleolus shrinks as beforé'md‘thq'
chromosomes appeap in the erurrdunding .zozie a6 éiéizgated sbranas'whiéri
condense into intensely staining dot<iike bodies arsengdd airoﬁndv the

perdphexry of the nucleus.  These move o -th'.a cénftre ‘of the nucleus and

&_
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hagong arvavged os belore avound the periphery of the plates - The polar
oxie of the spindle durdng metaphase 14 1s ordentated s xdght angles te
the long axis of the sporanglun, kot that of the upper is not parellel to
That dn the Llower po thab ub telophwse 11 the foitr nueled lle in dfferent p
planesi thet in the top right cornex of the sporasgium being in the pame
plame & that in the botbom deft. The formation of o septun between wach
of the daughter nuclel resulia in the production of four spores, which
Inber voiud off, and dupdyg this process of rounding off the foux nucled

come to lie in the same planes

Disousedon, . L S N

The nuclear phases observed duving the first dlvision of the. nucleus
in the tebraspovangiun ape distincet frow those found in mitosis and although
the early shages of melosie have not been positively recognised; several
Walkinesls {igures have been oboepved, Furthermope, counts made at
metaphaga give a flpure of 10 as coupared with 20 at hltosis.

Reduotion division thevefore takes place in the tebrasporangium of

Rhodoghorton flowidulium (Dillwyn) Nag, and the spores produced are haploid.

Comment on the positlon of redugtion division.

With ite incomplete lifewcycle Fhodochorton floridulum (iMllwyn) Nag.

has vsually been claseified with those Flerideae¢ which show & haplophasic

nuclear oycle, If the present cb'servations are correct then Rhodochorton ‘

flopiduluin must Lo considered a norial tetrasporophyte and the plant

included amohg those Floridese possessing a haplo~-diplophasic 1ife-~cycles




Photomicrographs of stages of nuclear division

in the sporangium.




Plate 24.
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Early 1st prophase in the sporangium, showing the conspiocuous
nucleolus (n) and the nonestaining region (r) comtaining dark-
staining regions (¢) of the chromosome stands.

(R=-D)




Plate 250

-
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A. Later stage of 1st prophase showing the smaller nucleolus (n)
and the none-staining region containing the chromosomes.
B. Diagramtic interpretation of A.
(B = IDZ)

-.. | oM )

C. Contents of a sporangium pushed out of the case during
squashing, showing the nucleclus (n) and the chromosomes (c).
D. Diagrammatie representation of C.

(B - IDz)




Plate 20.

L8

A and B are photomicrographs taken at two different levels in

a diakinesis nucleus.
C is a dagrammtic interpretation of the same mucleus.
‘(RQIDZ) D(n. D)

c @




Plate 2.

A, Prometaphase showing circa 10 chromosames arranged
around the periphery of the nucleus. B is a diagrammtic
interpretation of A.

(B - IDz)




Plate 28.

"'

1st metaphase in a sporangium showing the rod-like chromosomes.
The rest of the sporangium and its supporting filament lie in
a higher plane and do not appear on the photogreph.

(R - Inz)




Plate 9.

1st anaphase in a sporangium, the contents of which have

been forced out of the case during squashing.
(R - ID.‘,)




Flate ”.
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Barly 2nd prophase in the top portion of a sporengium showing
the enlarged nucleolus (n); the septum (s) and the pyremoids (p).

(R - D)




Flate 31,

2nd prometaphase showling around 9 chromosomes in the lower portiom.
(R - IDZ)




Plate 32.

Sporangium showing the four spores shortly after formatien.
('R = mz)




PART TW0.  RHODOCHORITON FURPUREUM




A/

ECOLOGY AND MORPHOLOGY OF THE THTRASFOROPHYDIL




I“i.éure 16,

Map of the world, after Larousge (1953), showing the Auguet
sufface water isotherms (contimuous black lines) and the
dii;trl.hution of R. purpuveun (chown in red; dotted areas are
th};:ae fox which precize localities ars recorded; areas
doiimitad by & broken line are those for which preciss

lo¢caldties ave now kaown).
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Beologys

Frevious obeervationa:
(A Geographical distribution.
. The geopraphical. distribution ds shown on the accompanying wep
_{Fig. 16); and Table in the appendix lists the authorities for the
- yaglons. t‘r;xarked.

It will be seen that R, purpureum has been widely recorded in the .
‘northexn. herdephere, where its dlebribution is circumpolar, whereas records
of its opcurrence in the southern hemisphere ire extremely sparse, being B
two 1n nunber, one of which is doubtful (R bispordferus Hearcdeth). In
genheral the southern distrdbution of the species is bounded by the 20°C.
Auguat surface temperature isotherm, although it has been recorded from
the Advimtic where in August the curface water temperature rises to 25°C.

It has been most widely recorded from walers of Auguast surface temperature

15°C. or below, and the overall tempeyature range of waters in which it has L

bhaen .fnmd is from below 0°¢ - 25"6‘ It may be the dlffersnce in surfice
water temperature which is vesponsible for its unequal latitudinal |
distribution on the east and west coasts of North Amexdom, |

Since the species is intertidal, during low water it will be subjected
to air temperatupe and isolation and the air temperature to which it is
exposed may be ae low as -18%¢, (Novays Zemlya) or as high as 26.7°C.
(Tangier). |

Bhodoshorton purpureun is therefore telasrant of a wide range of
temperatures.

An ghown in Table 7 the species 1o also tolerent of & wide ranga of

[




salinities.
Tﬂbl@'?n !
© Guls of Finlend b0 tameim (1982)
. Facific  (Montevey) 34:0°/06  Svepdrup (1948)
- Spitebergan 35:3%e0 Kiellmn {1883)
 British Teles - 3W35:0%e0 ' Lizousse (1953)
Hediberrwiean (Vest) 36.0%06° Ouilcher (4957) -
Kariatic | 38;&3*/@ B “uzvbuéée {1953) -

!I'he salmuy ﬁ.gures 1161:3& m ‘.I'able "7' Nfex to aa&a, bwb modochogg_gg

mj'gg_i um has also been pecorded from fresh wtar (Joneson. 19023

Rcaenvinge, 19003 Borsesen. 1902; e, 1936 snd 195?; mmm, 195#).
 As Kjellmn (1883) has pomea out, in the Ams.o regions of its

distribution the apeoiaa muats neeeamrily apemi aaveral months &n oonstant '

dark.noss emd so mst be capable of adapt:lng 1tsel£ accordingly.

__R,I ugpureun is theraforq 2 most adaptahle apaciea, capa.'ble of mch E

vnder a wide range of phys:!.cal aonditions. ms.s aﬂapwbmty :ls further
mttatrate& by its distr:!.bution bn the shore \imra it has haen shom to

.

octupy & ‘wide yertival renge; :l.'rom a depbh of 36m. (Roamvine, 1923-—2&), )

through the mtertidal roy.ﬂn and upwaraa :ln‘bo the aupmlittom rogl.on
often occurrﬁ.ng well above the lim:u:s of MJH.¥.5. (Tonsson, 1902; |
Rﬂamv:l,ngq 1900; Borgeam, '19&2). It is alac accepted by my

authcritiha a5 belng cepable of growing under puraly terrestrs.al condit!.cns

(ae |

. _:Ls;gndlgym Rosénvinge; Byssus purpirea Lightfoob).
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Habitat,

In the sub-littoral the species is commonly found as an epiphyte er
psendowendophyte on the stipes of Laminaria spp. (the endophyte was
originally considered a separate species ~ R, parasiticum Batters, but
Jousson (1902) has presented evidence which chows that it is not), and it ‘
is also frequently found on stones and shells (Kjellman, 1883; lwern, 1952
Lund, 19593 Sundene, 1959), |

In the intertical reglon R, purpureum is most commonly found growing
on raock under the dominant fucoide, or in shaded crevices, both in
exposed (Jonsson, 1902) and sheltered localities (Sundene, 1959}, It can
alse be found as sn epiphyte on the bases of ggggglvea;gg;qsng{
Sphacelaria arctica, Cladophore xupe stris, ete. &s well &s on Mbnnimm
qrustﬁlgnta (Vmprn, 1952). Froquéntly the tufts are intermixed with
other small algae suoh as Sphacelarde cirrhosa snd Catenslla pepens, and
are seldom free from epiphytes, espaclally diatoms snd bluesgresns. Ita
characterdstic habitat is the marine cave (Svedelius, 1901; Iami, 1940)
and it d&5 here that the species attaing its greatest development in extent
of coverepe (though not in thallus size), hacoming the dominant or only
specles present, and covering the reof and walls often in unbroken patches
seversl yards sguare (Borgesen, 1902; Roaenvinge, 19005 Hamel, 1925} o
Rees, 1935; Anand, 1937; Vaern, 1952), and up to 5 mui. high (Vmetm, 1952),'f
Anand (1937) reports finding R. purpureum in small caves on the south
soast of ingland where the light intensity is aw low as 2.5 of that on
the opsn shors.

In the pupra-littoral the specles normelly goours in rocl crevices




or Iiessurea, on the under sides of overhenging revks, or in caves, mostly
in places where 1t can be reached by spray during high water and gales, -
but' in many places it le doubtful shether ger water reaches the planta
except during storms of umusual violence (Borgesen, 1902), . In such .
situntions g these the plant my be perlodically sonrked with yelnewater:
{Borgesens 1902),

- Rrodochorton purpureun has therefare a wide vertical distylbution on

the shore and can exist in a variety of habitats, . These d{fevent .
habitots exert modifying &nflgexeea ot the development: of, the plant with |
the pesult that ecological forme ardse, and it is to the existence of these fj
scologieal forms that wuch of the nomenclatural .confusion can be ascribed.
The major scological forms axe as followsi - y _ : ‘:; ‘
urpureun (Byssus purpur Lightfoot, 17773
Callithammion pupursa Harvey, 1841). . .

As mentloned in the generel intreduction, the type apecimen of

(1) Roodoshorton purpureum £

Re. purpureun (Byssys purpures Iightfeot) is missing snd for this reasos it
cannot be copsidered certaln that Papenfuss (1945) and others are correct. i
in-consmering Idghtfoot*s plant to be a form of R, rothid (Turton) Naeg.
But this assumption has now been gan;emily-aﬁcapte_d and there is certain .
rinds.reci; efvidence to support it.

 The. original specimen wns collected from the Abbot MeKimvon’s tomb,
near Tons Cathedvel, ' The tomd 1o no longer extant and therefore.
‘gollections eannot be made from exactly the same sife; ‘however, in 1826,

Greville vicited the island and made a collection of an algzs which he

- fownd growing on the cathedral wialls. . The two. desériptions which follow
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are of this materiali dhe firet being after Rosenvinge (1900), the second
bedng the Yesults. of an examingtion wndertaken during this investigation
wf & spocimen lodged in the algel herbarium of the Departmént of Botany,
the Univaerepity, Glasgow and Jabelled: -
'"Ientepohlis purgureus Age,
‘fona {Cathedral)
" Dr. Grevillie."
(a) -
The thallus formed sn incrustation, wp £6 one miilimeter thick,
on rook. -
Cell sizes
(8) The prostwate syetem,
‘Phe oells of tlie prostrate filaments ape short snd awolien
- op long and qylindﬁéal O In the latter case they &re from
"8-12u broad, in the fomerfhéai are much b:.‘bédcr' {no
flpures given). o | |
(b) The erect mystem.
The cells of the trecﬁ fllaments 'aré‘ﬁﬂ'aﬁ .broad and 2eb
times as long as broad. .
Branching:
(a) The prostrate systéem.
The prostyate filaments are much branched, the brenches
being often fused into a paeudoﬁnr@ichﬁntéus DRES. “
(b) The erect systen. |

The erect #ilaments are sisple or sparingly brenched.

L
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Frugtifications
The maierial examined Ly Roswvinge was aberlle.
(B)
| Tﬁe Gl.a;sgdw specimen in parts was similax to that described by
Rosenvinge, but in addition the follbwingﬁfeutnms were noteds Y
The erect filaments as well o6 being sitiple or sparingly branched,
were also frequently branched throughout, in some instances up' to '.
three consecutive c¢ells bearing laterals in a secund manner,
The cells of the erect filaments were genersliy cylindsical, but
occasdonally were short and inflated, Cell dimensions mrie@ g
‘between G.5«14.5u long, by 6.5-10.5u broad, IR
Tetrasporangia were abesent, bub several of the apical cells of
the primexy #ilements were swollen in a manner similar to "thé.t.-
found in the exrly atages of tetrasporanpial formation in
material of R, purpureun collected from the supra-littoral at
Leha fess in Shetland. -
Thera 1is nothing about Oreville's material which suggests that :tlhe plent
is not a specimen of a Eigh level form of Ry rothii (Turton) Naeg. similar
to those found in the supraslittoral andili_-n éaives, and since the nature
of e wsite is vory similar to that from which Tdght foot ﬁ'ilected .‘?IBA‘E.
purpurea, as well s being in close-proximity to ity the assumption hlél
been made (Rosenvinge, 1900) that the two oblléé%ions are of the sanme
plant, in which cage Papenfuss (1945) ie correct in applying the name

‘puppureun’ to the plant originally called 'rothii',




(2) _Bhodochorton pur retn £, typica, R, rothii (Turton) Naeg.;
Boygesen, 19023  Roaenvinge, 1923-2h;  Hameld, 719265 . Doew, 1928,
Mopphology
| he plaunts fown dense flat expancss, up to 1.5 cms. in hedght
~on rock and wood, . | | |
Cell sizes o
(a) The prostrate sysbem. | o
The cea.tls c>f_ the prostrate system are variable in s_iz?
and shipe, bc:f.l.z’g ghord and inflated or, elsg Jong and L
~eylindeioady anormally bebween 95-20u in breadth, lut
pccgad,on:}ny gm?.tez-.. L}nd_fzjojm 1;5*35@1%3 longer than
oaon
{(b) The wreot system, | |

The cells of the erect filaments are variable in size and
sbape, x?ften harrelechaped, frequently z.bng_"and cylinducal,
hreadth from G=17u i Dandsh vaters (Suseavinge 1923-21),
from 10-29u on the Faerces coast (Borgesen 1002); ang trom
10-20u on the Pagifle coagt ’Q:lf North Ameriea (presy 1928).
Cell length varies from 1.5-3 f;iméé as long as broad.

an;:hﬁ,ng{ |

(a) The prostrate system. “

The filaments of the proatrate gy‘stem are sparingly to
freqa;gztly tranched, the br\éxgqhga often densely interwoven.
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{v) The erect systems
The  ereat Mlaments ave penerally wibranched at the bage
and spaydngly bronched above, e latemils typleally
srising from within a linited length of the mxin aws -
 (Dorgssen 1902), sceondary laterels ilnfrequent.
Irigtifications |
Tetrasporangia, borne terminally and laterally on much
branched latercls arranged uliexvately cr oppositely in
the sub-apleal egions of the erect filementsy ovedd to
pub-zpherioal in ehape; varluble in slse:: Ivom:25+28u
long by 44=19u broud. (Rosenvingé 1923-24); 26«%2u long
hy 17-21u broad {(Drew 1928).
Habitats
On pock and wood in the litioral reglon, growing wider -
Hveug sppe or in shaded crevices and in eaves on- the walls
soversd by the tide (above this lovel forma purpirens is.
often found).
Tt bas baen recorded from the subelittoral, growing o a-
depth of 30ms on shones ond shells, - The subelittoral
materdal iz genewally smeiler than that from the Littopal
bath in overall height {up to Mtmu.) and cell size (Breadth
from =131, length 2«4 times breadih),

L___




(3} Iodechopton purpuzewn O plobosas Kjellman 1083; Borgesen 19023

Jensson 19423 Pedntz 1020,
Mopphologys
Hhe plants Yoo smwll penieglobulor, solid meses shoub um,
in dlaneter, often g,i;owing together at the edges s0.a8 to form
irrognlar crusts. ;
Cell slze |
{&) The prostrate systen.
The cells of the promtyate Iilenments ey be Layreleshaped
or eytindricaly Huenslong are vardable; sloila to

Sorme. typiea.

(b} The eract system. _
The $iells of the erect filsments ae variable in form from
barrolsshaped, tvévaping tin in damster, to oylindrical,
Tie17n Bread snd from 2«3 thies a3 long ay broad.

Branchings

(o) ‘fhe proshrate sysben.
The vrostrate aysten i conposed of densely interwowen
branched Tilaxente, sparingly ¢ freguently branchaed.

(b) "he ereot sygben.
e erost fMlonents ave ravely simple; more often
pepeateddy branched in o fostiglote mamnery the laterals
are often ek times brenched and are densely interwoven.
The majority of the laterals arise from near the base and
equal the mein axle in length, bubt unlike it taper towards
the apex where the cells ave half asg broad as abt the base,




Fructification: |
Tetresporangia borne in the same mavner as in forma typica.
Habitats:
Thigs form is typical of rock surfaces exposed to heavy surge
and wave splash, from the upper mid-littoral to above high

watar mark.

k. Ruvdochorton purpureum £, intermediumi Kjellman 1875; Rosenvinge
1923=-24; Jonssen 1902; Iund 1959,
Movphology:
Iapger plants than the other forms, from 1=3 cma. in helght,
forming loose muts often of considerable extent.
Cell size:
{a) The prostrate syatem.
The filaments of the prostrete system ave composed of
shorter or longer cells of warying shape, sometimes
dlffering little from those of the eret¢t Mlaments, more
often irregular and then asg figured by Borgesen (1902,
fig. 63), and Rosenvinge (192324, fig. 388).,
{b) The erect systenm.
The cells of the erect filements are between 12 and 16u broud
and up to six times as long as bread, generally cylindrical.
! Branching:

| (a} The prostrate system,

The basal fMllaments are hrenched in 2 manner similay to .

the other forms,

L. ...
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-(k): The erect system,
Branching moy be irregular throughout the lenpth of the
madn axls, or it my be confined to the upper reglons;
successive laterals may be secund or aliernate;. . laterals
arlsing from near the base are generally equal. to the sain
caxls and sizdlar to 4t in cell size and mode of brenching.  :;i
Fructification: o
7 Tetraspommgla borne laterally mnd termindlly on auch’
brenched laterels v:&nlc!i may be clustered (Kjellwan 1875)
or scattered (Iund 1959) .
Habitats | |
Gn ﬁék in the littorsl regioh._ ’led r&pbrﬁed from fresh
water (Burgesen 1002),
Pravious workers = e.g. ﬁbrgoaun (HQOE} ~ hive reported the occwrrence of
sorphological intermedlates betwesn the vardéus foims that exist on any one
shore, and this suggasts that the Forms arise a5 & result of varying
environmental facédrs. t 1h‘the following seotion 3t will be shown that
under the constant apd similor condltions af'éuiﬁﬁre'ﬂhehé is a t&ndi&cy
for the differences betwéen the forms to become Yéss marked and this

ohservation iauld seen o s&péorﬁ this suggestion.
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by the cultural conditions.

1. Ehedoshorton purpureun . purpureun,
Habltats e |
S (a) tn thehto'p and the sidea, down to 11{;&:&1: below soil
B | lével, of a well in the Broch court at Jarlshof, 'éhﬁntland.
| {b) On rocks and in crevices on thedliff tops about 50 feet
. above Hul.8s, Ishe Neso; Shetland,
Horphology R o
The plants formed extensive ingrustations up to 0.24 mm. high
- ¢n rock and soil.
Cell sizesd
(8} Prostrate systeu.
The cells are lrregular in size and shape, varying
between 10.5 and 19.5u 4in length, and betwaen 10.5 and
16.0u in breadth.
Ab) ¥rect system.
The cells are alther barrel=shaped or cylindrical, between
10 and 19.5u in length, and 7.5 and 10.5u in breadth.
Broanehings
', {2) The prostrate system.
The prostrate system is irrepularly, spaxingly to

frequently branched, the branches being interwoven into
a pseudo-parenchymatons mass,




(b} The ersot system.
The uprdght filanents are simple oxr 'cceasionally branched from
-near the base, the branches belng as broad as op slightly
ies:s bmad tha‘n the min axis.
Pructification:
The specinens fyom both sites ware sterile when collected,
Behaviour in culture: -
The folloving observabisis were made after the material had been
in culbure for three months:.
(2) There was an incrense in oell lemgth up to a waximum of

20u, all cells belng longer than the longest cell

pridviously produced, |
. (b). The cells produced in culture were uniformly broad in

_ any .f‘ilaﬁmt, the average breadth being 9.0u.

{¢) ALl eells were cylindrical.

(d) The production of laternls was freguent in the apical

-regions of the filaments (Fig,\7¢ ). -

(e) Tetrasporangin, 15.0-18.0u long, by 12.0u broad, had
formad singly and Verminally on the wain fllapments, or
laterally and terminally on short subeapicsl laterals . . .
(Fig/103),




H@re 17.

'A.

B.

C.

D

Drawing of & young tetrasporic Iateral or R. Em

f. purpureun (mm qu:!.ture).

Drawing of the apical raglon of a primry erect ﬁ.lnment,
of R, purpureun ;‘, _purpureun showing tb_.e ,pz‘oduqt:!.qn o£

tetrasporangia directly from the cells of the fllament

{from culture).

rawing of the apleal reglon of a vagetative filament .

of R, purpupeum f. purpureum showing thé formation of,

- primaxy and secondary laterels {from culture).

Irewing of a portion of thespecimen of

Rs_purpureum f. purpursum collected by Greville and
now 4n the Herbarium, Glasgow, ashowing the marked

variation in cell dimensions,
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Iodochorton purpureun £. rlobosk,

Habitat s
{(a) On the undersldes of isoleted boulders and on the shaded
sides of rook iibs from the upper mid-littoral to the
lower mid-littoral st Farlend Head (Ardneil Bay). :
{b) Ca the undarmdes of boulders and ovarhangine rock msea. -
and in crevicea in the rocks on both wings of Portmahomok
oy e | |
Morphology s
‘The plants forn hemispherical, solid bodies up to & wm, in
hedlght and 6 mm. in diameter, often uniting st the edges to
form an drveguler crusk.
Cell mlza:
(a) The prostrate system (Fig. 18BY.
The eells ave variable in size and shaps, barrel.shaped
or 'aylindrﬂ.cal. 15«500 in length by 10«20u in breadt'h,'
except in the rhizoidsl filamenta where they may be over
60u long by H=Su brokd. |
(b) 'The erect system. |
The cells ol the erect systen are in the range of 1842'7u _
ia length by 15«~18u in breadth, and may bYe harreleshaped
or cylindrical.
Brenching?
{a) The prostrate system.
The proatrate filamanta are irregularly, sparingly to




F:‘l.g{u.r& 18;

A.

B,

Irvawing of a portion of a plant of R. purpureum
2. _globosa chowing the system of branching of the
srect filament and the production of rhizoidal
filaments (r) from the prostrate systes.

Drawing of a portion of the prostrate system of
2. globosa showing the shape of the cells and the
production of erect filamenta.

|







(b)
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fregquently braached, the branches becoming interwoven to form
a pecudo-parenchymious mt. The majority of the laterals
are egual in breadth to thq_ min axie;  sometines, however,
slendor xhiaoidal~bganch¢5 are formed.

The erest system {Fig. 188).

| Mo wpright fllanents ave spasingly to frequently hrenched

throughout, or e¢lse brenching mey be confined to the basal
reglon.  Cpcaslonally abundant branching takes placs in the
subwapidal reglons of the filaments resuliing in the formation
of fastipglate tufts.

Brenching is irremler on the whele, although occasionally
it may ho alternate or sedund for a conglderable length of
& filament.

The laterals may be equal Lo, or shorter than the parent
axis, generxally they ape equal,

The hreadth of a lateral may be equal to or less than the
parent filament at the polnt of initiationg hut the breadth
ganexally. decreases towards the apex.

The majordty of laterals are erect, or eracto-adpressed;
there exist} howdver ceveral types of rether specialised
funotion: | |

(a) sSpreading.
{b) Recurved ~ descending.
(¢) DPownvard-growing - descending.

(d) H*B_ha}'}ﬁdc
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These bronchas are similar to those found in the typleal form

of R» flordidulum and serve the name function, that is, they

bind together the individual ersct fMlamenis into the tightly

packed glohose maases typloal of the form. _
The fritintion of the orect Jaterals is from & point near

‘the top:of the parent aell, the angle of initiation belng. '

norpaily 45° or less. If 1t is greater, the laterel. undorgoe;i

propounced mrowbhweunvature untll the plane of growth is -

parallel do that of the paxent axis, extept in. the cape of = l :

npreading Iaterals.,  Recurved laterals are initiated in a

simi;ar.mnnar, the direction of growth g however reversed.

after the production of severel cells in the plane of .

initdarion so that subsecuent growth 4s in a downward direction.

In contrast, dowmwardegrowing laterels arise from & point .

near the hotiom of the parent cell and growth is in a downwerd

dlrection fmom the flrst.  Both recurved and downwardegrowing

latersls can bsar svect and downward-growing secondary brenches. .'
The Hwghapad latersls arise in the same mnn«; as in

R, fléqri:@glm, and sach arm may bear secondary laterels of

any of the types deacribed.

These. non-areact laterals and the branch systems which ﬂ;ey.' ;o
bear, bacome entangled with the branches of nelghbouring
fllaments as do the similar laterals of R, floridulum, and
this form, unlike the others exewined, i1z therefore a sandw

bincders,
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Phizoldal. brenches fre commonly fownd, similaw.to those .

described by Ropenwings (1900).  Thems cin be éttheér erect

or- descpnding and generally arise from an: intercalary ¢sil. |

af the filament. N

Yeuctificatlon:

The tetrasnorangia are borne terminally snd Jaterally on short,
densely hrenched laterals arranged aitermt‘e},y oy -oppositely :belw';f’
the apices of the primory erect filaments and their branches. | '
They are rathar variable in sicze, measuring hotwaen 25-36u long
and M~20u broad.

Following the rclease of the epores a secend sporangiun ry be
formed vithin the fivst, and if this does not tuke place, the
vegetotlve growth of the filament is generally continued by the -
assumption of meristematic activity of the ¢ell immediately below
the sporangium, & feature which was also cbserved by Borgesen (1902).

Vagetative reproduction: |
Reproduction hy fregmentation is the most conmonly cccurwing form:
of vagetativé reproduction and is of two typess

(8) Fragmentation resulting from mechanical damage to, and the

death of, one or more c¢clls of the eract filament. The apical
portion of the fileament, above the line of damage, produdes &
rhizoidal process from the first entire cell) above the damaged
region and this grows downwards until the aploal cell comes. into
contact with & solid body (frequently snother filament) whereupén

it flattens mo as to mould itself inte intimate contact with it




I"ig':rz,re‘ 19,

| Dmv.lng of a pri.mry htoml (A} of £ fgo‘no showingz
| (a) a spreading lateral with two recurved sacondary
‘brenches. ' | | .

| (h) = dowﬁmd-'-grbwing secmdhry' hteraiﬂt‘négring both
I -~ upward and dovmdrd*gziowing'tertiary laterals,
(e) a portion of the main filament.

' {@) & normal erect lateral.
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Regeneration by Ifragmentation.
A, C, stages in fragmentation by the production of.

& dowmward=growing process.

B Early stage of fragmentation by the production of -

both upward end downrnrd-growing proé¢escen.

D. Attachod fregment showlng the attaching cell (£),
and the 'collar! (r) of the . old outer wall of the
filement.

H. Fregnentation by the internal production of a
f1lament from the contents of & aingle cell,

w = the outer wall.

U VUV







87,

and attaches itself by the aecx‘etion of & colourless mucilage. Up
to this point it seems that the apical cell of the fragment remsins
dormant, but af’cer the rhizoim process has . bécome attached,
meristemtio activity is remmed and a new plantlet produced.
| i&. aimilar type c»f fragmentation ia recorded by Rosenvinge (1923-2#}

but he aid not observe the atage;:. :!.n attaohmmt. -
{b) Fragmmtation as the result of intercalm meristematic
aotivity (mg. 20 A,B,C, D).
!L‘his type is aimi.lar to t}mt doseribed above wi.th the exception
| phat there iz ho obv:l.ous damege to the filament prior to the
Ii_nl:l_tintion of meristematic activity, and the rhizoidal process
_grows into what appears to. be a hgn}thy cell derupting its comtent
hefore piercing the outer wall. Eventually the wall of the
piaréed cell frﬁctures, freeing the apieal portion which becomes
fixed to a solid body in the same menner as bas bemn previously
desoribhed, The cell below the pierced cell may produce an upward o
growing fllament at the samé time as the dowmward-growing
rhizoidal yprocess is being formed, or this tey he delayed until
separation has taken place. The upwardegrowing Mlament may be of |
normal width or it may be rhizoddal, The early atages in the
formation of the downward-growing filament have been recorded by
Rosenvinge (1923»24).

The factors responsible for the initistion of merdistemmtic

retdvity in intercalary cells of an undamaged filament are obsourse,
but it may be that there is a physiologlcal cliange in the cell




F&gﬁrq 1.

Vegetative reproduction..
E a,b,c. Stages in the formation and germination of
| units formed by the roundingsoff of the protoplasm
of single cells,
d. FPlantlet formed by fragmentation showing the

production of a downwardegrowing lateral and the. |
rhizoldal nature of the regenerated filament.
Branching sppears to take place if the apical c¢ell of

l the reponeretod filament doeés not come into contast

with & suitable subatrate. . . L |

#.1. The rounded~off contents of apical cell, .

2« Dead sub-apical c&ll.
b1, Hlament produced by the rounded-off contents
of the apical cell.

Cele The rounded-off contents of an apic¢al cell.
2+ Germination tube.

det*s The collar of the old outer cell wall,







8.

helow the one which becomes meristematic resulting in a
physiological situation siwilar to that produced by damage.
Unldke type (@), (b) is commonly found in oulture where the
chances of mechenical damage are slight. ‘
It meems iikelar tbﬂt both regenerstion folluowing mechaniesal
demzge and fragmentation of the type just described are tnder
hormonal, conbtrol and since little ie nown | of hormonal syetems in
the Hh 9@2&69}__ ‘I e (Brian, 1963) further investigation of the
rrocesses involved in fragmmﬁatian is ,.1:;,;1:@13 o be rewarding.
Although fragmentation is the most commonly cccurring type of !
vegetative reproduction two other types have been found: | }
(1) C(n one oc¢casion a spacimh was collected which showed & single. ‘; |
instance of an unusual type of vegetative reproduction; it seema |
that the protoplasm of & mingle <ell had given vise to a ghort
filament which had then grown through the wall of the parent
filament s shown in Figure 20E.
(2) _Hv.teri_al collected at Splgele on Shekland showed a type of
reproduction which has pot been found ip metexdad from any other
alte: _
The protoplasm of oells, particularly cells in the apical reglons
of the rilament, vounde off and seoretes a vell wall, The undt
thus formed later produces a gérm tube which plerces the wall of
the :r:l.llament.'{riga 21 aybye). The fate of the units 1s not known.
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~ Behavlonr in cultuvet
| After six months in culture it was found that there was an increase
4n the length of the gells produced with an accompanying rcmcﬁmi
in breadth; length %<iSu, breadth 1315w  The dimensions of
~the zella in any one filament were more uniform, and all cells
wers oylindrioal.

The newly formed portione of the, ﬁl«mﬁﬁ were not bound
together imto the globose form, but remained separete,

There waé an increase in the number of laterals produced in the '.
apical reglons of the filaments, all laterals belng erect or

sdpressed.

B ,mgdqchpr’qqn. puxpureum £, intermedium,

Habitoti o |
In the mouth of & supra-littoral cave at Queen's Bay, Lerwick,
Inle of Ghetland, growing on rocks and soil in association
with Oretoneuron i_’i__i:_ic:_lnm_p (Hedwe) Roths The growth was most
J_.\.nmr;l,antv on rack slabe under a jet of frash water.

This site was geversl foet above that from which f, plobosa

wags colleoted.

Morphologyt | ‘,
The plants formed a continuous expanse up to 1 om. In height
over an arga of 1 sg. yard.

Colld sizet

(a) The prostyats system,




(b)

Brenching#
{a)

{v)

g 0 8

The eells of the prostrote syatem are frregular,

- isodiametylonl or cylindwical, between 21=35u long by

120300 broad.
The ersct system.

The oells of the erect systom are cylindrical, between

. 25.5«48,0i long by 13.5«16.5ubroad.

The prostrate syshen.
The prostrate fllammts are irrepularly, speringly to
frequently branched, the branches becoming densely

Anterwoven to form a poeudomparenchymatows mat.

The erect cystem.

e nppdght fllagents ave irrepularly bpanched throughout

the branches erest or erect-adpressad or sprexding, 1-=3

tiings branched, The busal latorals 'gm‘xiiﬁally pqual. the

dn-axis in lengthe

Binding. Jaterals of the types found in forme globosa
are ahgept, the filaments aré thersfore Iree and the

Fructification:

The plants were pterile when collected; there were, however,

shopt densely branched laterals,. similar to the fyuiting

branches of forms

Lobosay arranged alternately in the sub~

apical regions of the filaments.
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Figire 22.

; Drawing of & portion of f. intermedium showing the

. arrangsment of brenching of the evect Dilement, ..

| and the comparetive shape and size of the gells

i of the srect end prostrate filamentm.

I

: The dotted lines irdicate that portions of the

" filament have heen omitted.
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Portdon of o tetrauporic latemml of f, intermedium

showing the pebtern of bremching and the arrangesent

' of the sporengla.

A, is & cpore ceaught ‘botween the sporanglal wall and the

filament which has grovm up theovgh the sporanpglum,
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Vepgetative reproduction:
Vegstative reproduction by fragmentation is common.
Behaviour in culture:
It was found that the cells produced in culture were longer
and narrowsy thun those previously formed, The maximum
length recorded was 63.0u, while the tells averaged 12u in
brgadth, e

After three monihs in culture tetpasporengis were produced :
both terminmlly and laterelly on the adsxial surface of the
densgsly brenched latexrals originally present and on similar
laterals formed in culture (Fig. 23).

On aversge the sporangla were slightly smaller than those
of forma globosa, being 22u long and 1hu dbroad.

Following the shedding of the spores, the cell beneath the
sporengium grew out into & shovt filament on the end of which
another sporangium was borne. Qocasionslly this occurred
before the sporeés were ched, so that they became lodged
between the sporangial wall and the newly formed filument
(Plate 33).

Many instances were cbserved of bi-spore foymation similar
to that recorded by Klavestad (1957) in materdal collected
from cyacks in vocks above sea~lavel on the Baltie comat, and
Baarpdeth (19%1) on fhodochorton bisporiferum Baarsdeth,
collected on Tristan da Cunnm.

These bi-spores are formed &2 the result of the faillure of ;




Plate 33.
. As  Fhotoemlerogreph or # portion of £, intaggediun
showing & spore caught between the spornngal |
s
wall and the ﬁlaﬁéﬁt 'uhich has grown up through
the sporangiuin. L
B, Photomiorograph of a portion of £, intermedium
showing the Mtiatiqn of fegetativq grovrth b;r
the cell ismediately beneath an empty sporangium.
|
| &
| |
i !
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septun formation following the second nuclear divislion in the
sporengium, - Hach spore therelore gontains two nucled. )

A glmilar gase of hi-spore formaiion was found in material
of £¢;~xﬁa'-1_;; plce: collected from a cave in Spigele; Isle of -
Shetland, -

- Bince Bearsdeth (1941) adoitted that the presence of .
bi.-:-ﬁp@rés was the sole criterion for mepareting R. i spordferun "
from the then R, rothdi it neeus justified, dn the ebmence of
information goncerning the number of nueled in omch spore of
the Tristan material, to corsidep the two ag synonomous.

Oseasionally morospores are formed as the result of the E
complete fallure of septum formation following Buclear d:’mlsion.
These spores which consist of the contents. of 2 single
sporangius, contain four nucléd.

The germination of these spores will be concidered in a

later paction,

It 42 cleaxr from the obéervatioxm made of the chmgaé'inducﬁd i.i: the
different forms undey the ¢onétant c¢ulture oonditi.oha that such foaﬁxroa
aa ¢ell size and shape, mdq of brenching, and premnce ox absanoe of
tetrasporangia are atrongly :Lnﬂuancod by environmntul factors, and thut
wider sguivalent ¢ond;t1onas the diifar_moaa between the foma undeyge &
marked reduction. o |

This supporta the auggqstion (Borgesan. 1902) that the varlous tom

of R. purpursun which are known to exist mre purely envlronmen'bdl
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" Gell conbtents
- The contents of the e¢dlls of all the forms examined are
gimari | - |
it ¢oll haa_a‘;-aqripheréﬂé nyer of cytoplasm dn which is
embaddgd e_\' much lobed and di.s#éci’;e&. &hromﬁﬁpﬁore, or many small disc
o md-i’:!.ké th;onntéphores.
o | 'i‘he’.sélnglé nucleus 1iezr;lin' fha"cmtre of the large
vacuole fae’lm‘? | thé chi'énﬁto@creaé |
| Aﬁ éi'éher end of the celly near the pore in the septum, A
consploucus, spherical transincent body is oftmn, but not always to be |
seen, yarticularly in the older ¢ells of the filamenta, The chemical
nature of this inclusion has yet to be determined and its function is
unknown.
That the reserve food product is starch can readily be
daterminad by steining fresh meterial with iodine solution. It ds
evenly distributed throughout the cell as in R, florddulum,

Cell division and cropgewall famatians
The procass of cell divielon was followed in the apical
cells of the erect .éyatem and wag found to be similar to that in
R floridulun,
| The ¢ross-wall io ledd down in the same way as described
in R ﬂorﬁ.g__:l Jan éaxd conté:tna a pore which is similay to but smaller
than the pore :Ln.that specles,
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THE MORFHOLOGY OF 'LHE SPORELINGS.




G
‘Germination. of the spores of Riodochorton purpureum.

:11 Tehmﬂfpweﬂo

‘J?he sarly at;ages of germimtion of bhe tetmaporea w&re daacﬁ.bcd by
Harvey Gd.baon (1891} lrho reporeed the pm&xctian ef .Bparingly branchﬁd
ﬁlamenta. £n the present Investigation the gomixmtion of the tatra-

spores has been followea in culturéd material of form Ante _adium,

’.E‘he diametcx:' of the :eleased fpores varden beﬁwem 20 and ‘IZ.Ou;
they are apherdcal. posgess & cxell wall and canta&n a varia'bl; number ot i
: purﬁ.utal chromﬁophores and & single mclaws. Unlike the aporaa of |
gor:l.&ulum they de not attabh thenselves tc thw subatrate baforo o
gemination. Gamimtion is nomllv manopolax. hut :lntmuent mtancea
of b.‘c.«polar germﬁ.mtton have been recorded (mgure 2.#)3/&,’0,0). The o
germptuhe producea a ss.mple ﬁlament of about dn in width and seveml cells’

in length (up to & cells have 5o far been recorded), 4s in R, ﬂari,dnlum.' a

the apore ramains yrotoylaeuic after the formation cf the gom»tu‘be' The
sells of the filament are similar to those of the tatmeporophyte in that
thay have w-single centrel pucleus and @ peripheral system of dscold
chromatophores or one fuch dissected chromatophore, -

The number of chrompsemes present in the nucleus of a tetraspore is

in the region of 10 (Mate 34A).

2. Bi-spores (Plates 35 & 36A). | _
Biwppores are double the volume of tetimepores since thiy represent
two such undivided spores. Bach contuins two nuclel, both of which divide :

during germination. Normally only ene-gersitube io produced and into this -
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piagses one of the fouwr nueled from the spores : Tho: resulting filament is

therefore monokaryotic while the spore retains thres nuclel (Mispure  G).

The number of :chromoﬂomu preaent in the nuclets of a bi-spore gcrm-tube is

in the raglon of 10.

3 !-ioﬁospores (Zﬁlaté 0D .

Monospores aro foxmed as tho result of the failure of septum Tomation -

afber nuclear diviclon in o spovanginm, each theérefore is four times the
yolume of & tétmsbos%a and gontadng four nuelgi.'.
In those vxamples so far examined only one rmclens dvides during

gém:!.’nétion. one of the daughter suclod i)a;saing into the germ-'tu'b'e, ao that

the z'eaultiﬁg fllament & monokaryotic while the spove remudns Quadﬂnuéinta,_

The dqvelnpmenb o;f the spores in cul-bure i slow compared with the
growth of the tetrasporophyba rmd z0 far only the f&.lamentv:mﬁ sporelingg |
have been found. m« sultures are being mi, ntained in order tha,t the

further developuent ey be followeda

Germination in sibu .
In situ permination of spores in the BH;““EE__‘?’Q‘?@- hag been occusionally

reported {NDixon, 1960; Roney, 1963), and has already béan deseribed for

R flogtdnlum. Tt has baen froguently obsexved in culttred material of

forms intermadiwm, both in tho case of tolyaspores and bizpores, and in

addition in ity garmination of bebtyaspores hes been found in wild materdml.

of forma globosa, Tn all cases the spores produced simple filaments -

similar to those produced by libevated spores. Norwally the gegmg;usa‘ in

groduced from the reglon of the npore distal to the base of the spofanglum; . -
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ogcaxionally, however, the fube is produced from the proaximal end
(Plate 3u<),.




Ph"tﬁ 340

' A. Iate prophase nucleus in a germinating tetrespore,

showing cirea 10 chromosomes. | I
|
|

] |
B, Subwequatorial view of latesmetaphase in a germinating i

tetraspora. 'f

|

] I
| G. late anaphame in a germinating tetraspove showing the |
proguction of the germ tube (t) from & point proximal

to the base of the sporangium (b) where the stalk ,

cell has become meristemtioc, producing a ¢one~shaped

protuberance (p).







A,

B.

. Q.

Fhotomicrograph of bispores in forma plobosa,

Fhotomdcrograph of blspores (b) lodged betwsen
the sporengial wall and the vegetative filament.

(t) is a tetraspore.

Photomlcrograph of hispores (b): the lower shows
two nuclei (n), the uppey has prodiced a lateyel
germ-tube (t) in which the discoid chromatophores

c¢can he sesn,







Plate 30,

A, Photomiciograph of a sporangium containing .

& monospore. ‘Three nuclei (n) are visible.







Figure 2h.

A ayb,ced, Stages in the pormination of a tetrespore
showing noxsml monopplay germination: - 1

n nucleus.

3. a,b,e, BStages in biwpolar germination of &

tatraspore,

G, Early stage in the germination of a bi-spore,
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Cytology.

1. Staining Hechniques.

The techniques employed in the investigation of the nucleay ¢ytology
of R, purpurein were similay to the standard technigues used in the .
investigations on the cytology of R floridulum, L.e. the standard t_!.mti"r‘q_.'.~"- "-ﬂ_.
employed was 113 glacial acetic acld: shmolube ethyl aleohol, the o
standard dye acetocarmine,

It was found that the pigrent tended to agpregate in globules after
fixation and these globules frequently interfermd with ohsaryation of the = |
nucleug. These globules could be premoved 1f, before staining, the material |
was heated in water. | |

The plant material ls very nmdh e;uaner than that of R, Q‘ orddulum
and difficulty was found in separating fMlaments and sporangia by the normal
method of teasing with a pair of pneedles, This dfficulty could be
ovarcome to a certain extent if a microsgpatula with a flattened end wams
substituted for one of the needles, or if afier transferring to a slide
the fMlaments were repeéatedly severed with 8 scalpel before being teaned
apart.

2.  Cultural techniques.

The same techniques as had proved satisfactory for the in vitro
cultivation of R florddulum were employed for the cultivation of the ;‘om'
described in the previous section. '

The standard medium was ES supplemented sea water and provad
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satisfactory even for fobms intermedium which had been collected from rocks

covered with fresh water,

It vae discovered that in order to prevent the death of the apical
cells of the plants a1l ocultures had to be scresned with agueous solutions
uf eosin dye of concentyation betwesn 0,01 .gm. -and 2.0 pns,/Llitre, -

ihe rocess of mitosis was followed :Ln the apical cells of cultura

paterial of Rhodochogton Th:ls farm wss chosin

because of it larger size and the absencé of send betwaen the Pilaments.
iherever poseible, comparison was made with the other forms, both from
dulbure and frum the shore. There appears to be no difference in the
npmber of the chromoaomea in the mr:l.uus :torma angd :ln the behaviour of the |
Atoléus dur:l.ng division,
Observationss ‘

The :!.nte"x‘phaéia Avcleis is spherdical with a diﬁinutér of u. It
pmaeaaes a central nucleolus between ‘!.ﬁ and 2u in diamter surmunding
which ie 8 coavse peticulum stadning daaply with a.catoca:"mine. " During
prophage the reticulum disappears, while the nucleolus enlarges to about
% in daseter filling the nucleus except for a narvow, honstaining reglon
of varying width axo.una the inslde of the nuclear membrene, . At‘, .th#,t_s stage .
the nucleus resembles the oarly prophase nucleus. of magggmhgm gg_zg_gg;__
As prnphase qont:tmma, the mzcleolus gradually loses its affinity for
acetocarmine and the chromosomes become visible as faintly etaining strends.

in the nuclear ares purreunding it. The stands shorten and thicken,




besoming more atalnable as they do, uﬁt;l-, by the and of prophase they lave
become dot or rodelike and ¢an be counted. The average count is 20, so
that the nurber io of the same orded as in Phodochort on..f;_?x_i_di;lum. S

At metaphaiceithe polap axls of the spindie ligs aorows the lengthiof
the ¢all so.that .ol garly dnaphoce: the danghter -chromatids move across the
¢elljas they do .sb; however; the groups rotate gredually so that the path -
of sepayalbion is Seshaped, by mideanaphase therefore movement is along the
length of the cell. During the later stages of meparation the daughter
n;ac;fgéi often assume a savcersshape with the convex sids divected towards
euch other, Biqtére f:hé.éﬁaépénﬂ the. groups a?e ring-shaped as dn
By floridulum suggesting a peripherel arrangement on the metaphase plate
ae ds found in that specles. o |

. Durdnug telophase the chromosomes uncoil and lose their stainability.

wiile the nucleolus reappears. The lower daughter nucleus assumes the
interphase appearence; the upper that of sarly prophase.

Crospwwall formation following nuclear dlvision is simllar to that
deseribed for B, flo

The size of the longest chromosome at metaphace is Mu x O.5u.




Fhotonlorographs of mitosis.




Plate 7.

peres - il |

Interphase nucleus in a resting apical cell, showing
the small nucleolus (n) and the surrounding reticulum (r).

(3 - ,)




Plate wv

|UOK| ~

Early prophase, showing the enlarged nucleolus (n) and
the non-staining region (¢).
(B - mz)




Plate 39.

L 10 Ko

Prophase, showing the nucleolus (a) and the reticulum (r).
(B - IDz)




Plate '0 .

o5

e ‘

late Prophase, showing ¢. 20 chromosomes.
(B - mz)




Plate ‘*1 N

L 1o M

Metaphase, showing the orientation of the plate.
In most cases the plate is of a greater diameter
than the filament.

(B = mz)




Flate &42.

A. Photomicropraph of early anaphase, chowinp the

separation of the groups across the oell,

' B. Thotomicrograph of a later stage of ansphase
showing the rotation of the daughter nuclei.







Flate 43.

Early telophase, showing the beginning of the despirslisation
of the chromosomes. The nucleoli are not yet visible.

(B - mz)




Plate 44,

i 1O

Late telophase: the nucleoli (n) and the nonestaining
regions (¢) have been reconstituted.

(B - ma)




Nuclesr division in the ei:orangium




The process of nuclear Mvision in the sporanglum was folloved in cultured

mtendal of

Observationss -

The nuoleus of 8 young spoprengium ‘:!'.n very early prophase mntla:l,.na
& nucleolus of about k.5n in diameter surrownding which is a NETTOW None
staining reglon of width up to u.

s propbase continues there is a continual reduction in the volume
of the nucleolus and the chromosomes become stainable in the widening
surrounding region.

As in R. floridulum the early stages of prophase are difficult to

interpret; no characteristic melotic pbaae.g:suc‘:h ag diplotene or
dlakinesis have so m- I?ae;n recognlsed, but ét, péc;mtaphaaa 1 the
chromosomes assumé an ayrangement apound the periphery of the nucleus
which appears to be characteristic of nuclear division in the sporangium.
A similar aprangement has alyeady been cbeerved in the sporangium of
Rs .ﬂpr;gulum. Ay thia stage the chromosames are sgeparately resolvable
and can be counted; the number is constantly in the reglon of 10, i.e.
half the number present in the apical cells of the filamente. |

At metaphage 1, the chiromosomes lie close together arrangsd in a Mng
ayound the periphery of the plate with their m‘is axes parallel to the
spindle. AL this stage one or two chromosomes have been obsatved $o
beay sabellites.

Daxring anapli:ise 1 the products of division move mpart along the long

axis of the sporengium often agsuming a saucer<shape as do the daughtex
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nucled in K, £

At the poles the chromodomas despiralise and the early prophase
appsaronee o re-gotablished.  Durdng this progess 2 septum is laid down
across the sporangiu, |

As the yosulh of a forther nucléar olvisicn in the course of which
$he characteristle profetapbase 1 chromosone axrangement has not yet bean
seen y Toup puclel are formed,

The enset of the second division may of may ot be rimuléanedus in
the two halves of the sporanglum, but eventually fous unimuclests spores

Elra fﬂr meds

iﬁ.ﬁcus&%‘.m.

o chyomosorio ntmber of the sporsngial huclens at nefaphage 1 is in
the vopion of 10« The chrvomosome nutber of hoth tatra'spoims and mono-
epoves i also in the veglon of 10,  The nuibex of chromosomes in &

. mxcleu:s of a t:e‘tl a:t thq:» ﬁlammzh m in the rﬁglon of 20411t v would therefore

appear -on the bas15 of these counbs ‘th‘lt reduction division tdkes plL ce 1n the

FR— . o —— —_————— . - — —— . P

hatraﬂpomngiwn thah ﬂxe qpo::ecx are hapic:id. |

in contrest to R. floridulum it has not yet been possible to demcnstrate
such phases of meiokls As dlakinesis in the cporengium of R, purpureum, but -
it has been shown that the axrongement of the 'chrdﬁéaoméé"dﬁmg" |
promataphase 1 :t_és similar in both capes (Plates 26 & 47) and that thin
arrangement is unlike any other, elther in the somatic nucleus or in the

second division in the tetmspomngium. -




Photomierographe of niuclesy dvision in the
tetrasporangium of R, pu

pHE Sy,




Plate 45,

Early 1st prophase showing the nucleolus (n)
and the surrounding reticulum (r).

(R « D)




Plate 46,

1st prophase showing the thickened chromosomes.
(R« D)




Plate l!? v

1st preometaphase showing the peripheral
arrangement of the chromosomes.

(B = Inz)




Plate 48.

1st metaphase showing a satellite
chromosome (8).

(R=-D)




Plate 49,

|

1st anaphase, showing the partially

formed septum,

(R« D)




Plate 50.

late 1st anaphace, showing the ring-
shape of the chromosome groups.

(R- D)




Plate 2.

ey @,

late 2nd prophase.
(R« D)




Late 2nd metaphase in the top cell;
late 2nd prophase in the bettem.
(R« D)
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Appendix.

The scology of R, purpureus,
Gevgrephical distributiond
The Mediterranean region: Tanglers (Hamel 1925).
Tripold (Spigad, in De Teni, vol. &), RS
Adriatic (Zenardini, in De Toni 1889-1907, 4/5)

Franoet The Channel and Atlantic coasts (Hamel 1925).
Belgiums . Kubzing (1849).

Germany : Kutzing (1849).
Denmerks - North Sex and Baltic toasts (Hosenvinge 1923+24)
Sweden ! - - Baltic coast, at least as far north as i

Oregrund (VRern 1952).

Polandy Gulf of Danzig (Reinke, in De Toni 1885-1907). -
Finland: Tvarwinne & Helsinki (Purasjoki 1950).
Russia ¢ Gulf of Finland between Orenienbeum apd

Kresnaja Gorka {dobi 1878},
Arctic Const, Sinova (1912 & 1929); Fleroy
& Kavaakoff (1932),
Swedeni West Coast (Kylin 1944).
Norway 2 Wast coast (Klewen, 18743 Printz, 1926
Hygene and Jorde, 1934 Sundene, 19534
Breivik, 1957; dJorde & Klavestad, 1963).
Spitshergens K;j&lm 1875, 1877, 18833 Svendsorn 1959,
A fay narth as 79° 49" (Kjeliman 1883),




Hovayo Zemlyas
Britieh Isless

The faerodss
Teelands
Grosnlands

Noxth gmaricd $

Japant
New 7Zesaland:

feigtan da Cunhas

1025

Kjellmn 1383,

Comnon on all coasts (Holmes & Bakters 18923
Tredll 1890; Cobton 1912; Harvey~Gibson,
1913; Ress 19555 Ansnd 19373 Dunn 1939
Blackler 1951 (illham 1954; Drew 1956,
1957; Dixon 19593 Moss, 1959,

Lyngbye 1319;' Borgesen 1902,

Joneson 1902, o |

Comron on all coaﬁta; regorded ag fay north
as Koldeway Island (Rosenvinge 1893-1897),

Raftin Bay (Rosenvinge 1393).

The wost coast from Elmington iaiand and
St Michael, Alaska t:} San Diego, California
(Drew 1928). o _

The sast coast, Lomg Isla.nd to Nova »cotia.

ﬁudmn stmit, Mﬁn Ia‘.zand, Dovcm Ialaud
and Hllesmere Island (Taq'lor 1957)

Yetdo, in Do Toni 1889+1007, 6.
Dunedin District (Dellow, 1955).

Possdbly present (As R. biaporifem
Baarsdeth, Bear sdat:h 1941).
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