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AiVTKACT

Felttnunnifl »P-. •' k %*11 fllamemtous nmtor of the Ectoc-srpalos, wa-j 
Isolated frcm Rocky Hay, Natal. the morphology and developm*nt of 
the thallus under controlled condition* has been described.

t'ae was nulo of both optical imi electron microscopy, In an 
investlgation of the development of plurilocular sporangia, the 
love 1 ojnrnt of motile cslls, their roloase and the subsequent 
■ievelaprwnt ot the sporellnqs into nuturs reproductive plants.

Ultrastructursl studies on plurilocular sporartjia have revealed 
stagas in developnont of the motile cells. Pronounced ctianges 
occurred juct prior to mntile release, where the cytoplasm pulls away 
f ran the cell wall and flagolla and intraplastidi.il oyospota beoane 
apparent. l*»sible otaqes in locule oell wall formation were also 
observed. localisation of growth regions has been nude by treating 
growing filaments with the optical brightuner Oalcoflucr Whit-* M2R.

Hie influence of photopenod, photon fluenue, 1 lght quality and 
terperaturo on changes in mean oell numbers and the onset of a 
reproductive phase has also been examined. Cxtmne conditions 
inhibit growth. Iho following gtowth parameters have been found to 
pronots growth and reproduction. itiotoperlods of liL:12£, 16Ls8D, 
are) 14L:1QD. photon fluencos of 85 to llVilSn"2sec"1, and 
tnrperaturos ranging from 20-30‘C proved to be conducive to qood 
jrcvth. Blue and green light was found to enhance growth.

At no stage were any unilocular sporangia, usually associated with 
the aporophyte generation, produced, which n»y indicate that the
original stock nuy be a gem nhyte.



I. OCBQQST10H

ftno tftaaaphyta are a largo group of algae, constituting a hiqh 
(eruentago of thu total irwino flora, particularly in the northern 
hemisphere. IV.ey oix\47/ a diversity of niches and associated with 
thia, a wii'r r.vrje of th.illua forma. The range of forma includes the 
largo Kalpa, which irwy rrv»ch 70 metres in length (e.g. ’.amlnarla sp. 
lanouroux), to the m l l a r  encrusting forma (e.g. Ralfsia sp. 
Rerkeley), which nay be .is snull .is a millimetre. Other forms 
incluJa the fine, fil.imentous forms (e.g. Ectocarpus sp. Lyngbye). 
S»me -*'rt *' m  r«y lw» epiphytic (e.g. St.rpblonora sp. Derbes et 
holier), .tule r»ir.t an ! roe living, often attached firmly to the 
ui*;t: ite by el iborat* lioldfast systems. Ccrmon to all brown algae 

the presence of the pigments xanthuphyll, fuooxanthin and 
laxanthin, which ives them their characteristic colouring.

Itiere are 1 range of lite histories in tho brown algae. More is 
ibout the life histories of the larger, more cannon memberr. 

fR*h .is the I.inimi iales ini FUcalea, sinne moie research has been 
1 ndiKtal nn Uw«e orders. Central to underst.viding the life history 
in the algae, is a knowledge of the stages of deve’. throughout
the life of tho eigae, urtier the full ■ ironmental
'f»l;tions to which the algae are rviuiraHy . . Knowledge of
the developmental stages of an alga irr-ol/es observations on the 
■ Tviti lihnant arxi germination of sporosviometcs, mode of growth and 
t ranuhing of the vegetative thal.'us, stages ir the development of 
n-pnafuct ive structures and the ^_;hanism of rtlease of motile 
ella. J-irly studies on life histories («.g. Ectocarpus siliculosus 
Pillw., Knicjht 1929) relied on ofcwervations of developmental stages 

at the J lght microsonpe level. ihese studies Ivivo now been 
«r»nti*i with U‘«o advent of the electron microscope, resulting in 
*tter undo rat* inding of our kt'.«U k)e of the ultrastrjcture of 

rr product ive structures. UltiiMte.y, letermirvition of tho life 
hibtory atrategy often provides .in indication of tho evolutionary 
status of tho alga within a <jenus.

In this invt<st igation Keldrvinnia n> filamentous member of the



EctocarpalM, h.u» been studied. birph.isis has boon placed on the 
lew 1 opnant vd ultraotructur® of reproductive structure, as well as 
the influence of different <■nvimnnrnt.il factors on growth and 
reproduct ion of the 'tperies.

1. LfiXEATLEE. KLV1BI

1.1. Qiyliion RvxMihyta

ipprooclately 1*400 sprcien belonging to 250 genera nuognisud in 
this division a m  lari* ly rvirine, traditionally occupying a position 
along the shore sarawhsr* ivtwren the Oilorophyta ard Rhodophyta. 
Chari rteristically the ItoMophyt* are brown, fcut this is not alwnys a 
reliable taxoncnic f<\ituro. More reliable taxonomic criteria require 
the uae of the li<#it microscope, chemical anuytis using 
c.octrcfttoresis, ard in :mvw caseii tiie transmission electron 
ricfottunpe. Iheee include:

- tne pi Trents chlorophyll a vd c, ft carotene, violaxanthin and 
fucoxanthm (Bold k Wynne 1978),

- the storage product lar.imrin (Bold k Wynne 1978),
- (el 1 walls on-prising .in inner oelluiosir layer mil an outer 
sliry layer, both walls curtaining alginic acid (Clayton k King
1981).

- pyrenoid* which .ire often associated with a aheath of polyskioc- 
tride reoerves and are often of tie stalked variety (Bold k 
Wynne 1978),

• chloroplasts containing thylakoida in groups of threes, 
girdle l irrll.w ami a ■ mi • or INA zone beneath the girdle 
lamellae are pronent (Clayton k King 1981),

- gsnstes or assxual .•< «*̂ «>rt«i are asyawtrioal, often remform in 
shap* tal ixxuieeu dimorphic, laterally or r.ub-apioally inserted
f 1 »,)«»1 la. Ihe long pmpelling rront flagei )um .jears
rw»:if ig<**«■**» whilst the pout^nor flags Ilia is smooth (Bold k
Wynne 1978).

Life historic*! in the ltvw«Tphyta range from the single diploid
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toplotoimtlc Co the diploid diplotoiontic type. In the more 
'primitive* orders ncxual reproduction involve* lsn^amy or 
aniaoqony. The more ' tdvanced' orders have oogamous reproduction 
and produce well defined .rntitcr idia and oorjonia (Table 1.). 
Traditionally, the oidei Kctocarpalee, having .in isomorphic life 
history, was considered to have been the ancestor of other orders 
(Kritnh 10h5, Papenfuss 1951 in Clayton 1088), More recently 
evidence has torn put forward to sungevt that marine, benthic 
chrysophytes, prt*v'bly ^mnchytmtous in form, n»y have been the 
WkWtors of the brown algae (O'Kelly k Floyd 1985). Clayton (1988) 
'jggeetn th.it the possibility of an ancestor having a heteronorphic 
life history is not out of the question.

!>*? ltv'>cphyta have runy different rtxk»- ct asu.«i*al reproducttor.. 
H rt'-n |t,te  ar*l jijomphyte <i< iterations of many epecioo reproduce by 
rvsins of u«xu.il .•uonporas .md vegetative multiplication by
• i.vrwntat special prcpagulus and basal (>arts of thalli, growing
out to produce n»«w ftTwds.

rat 11* lu ot U w  ontan.ol tti
(Taken frnn Clayton k King 1981).

I3L'AL M  WCUCTCON- iJiJUAMaJS OR ANI:50GAHXS| ('.WCTAH31A-
nimuxLiAR: s o m n o N S  iso- c* KrrDocrowc

17 ,rnr,■ sites of cell division leading to growth:
ttaocription Order

- intercalary, or apicali
• local laed at the Uwe of apical tuir-Uks 
filaments;

• prominent apical cell.

1.ERQ&RrIu IS

2.ami3UAiir. 
J.smACELARIALR?

SEXUAL WJKXtXTlON- O0GMCUS; iVSMFTANGIA- AMMOUDIA AND OOOCNIA

lYinary *it.« ot cell division leading to grcvtn •
• localised at tiie base of apical hair-1 ike 
filaments; generattons heteronorphic,’

- intercalary or apical merlatemtic regions, 
»r»l mnristodsrmi ijivwrnt Ions heteranorphic;

- apical cells .ir*t/or adjacent tissue 
(except Otirvilloae). Antheridia and ooqonia 
be m e  on the thallus surface, generations 
iwrorphici
Antheridia and ouuonia In conusptacles, 
gomotjphyto generation only.

4. DGSKMtESTIALES 

5.1AMINAR1A112:

6.DICTYOTA112;

7.n>CAIi5i



l•2. Order E tocarpales

TYiis most primitive of the orders of the brown algae (Fritsch 1945) 
is camonly filamentous and is characterised by its sinpl "egetative 
forr .inci reproductive structures. Classification or fair’ies, genera 
and species is bkised on morphological and anatomical features, e.g.

- relative damimnoe of the prostrate and erect filament systems,
- the presence of hairs and pseudohairs,
- the pmsence of asaocysts or paraphyses,
- the shape of plastids,
- the shape of plurilocular sporangia and size of the loculi,
- v.t>eth?r or not the plurispores are of one type,
- diffuse growth meristcms, which may be apical or intercalary.

The life history in the Ectocarpales theoretically involves an 
alternation of a haploid ganetophyte and diploid sporophyte (Fiaure 
1.). Muller (1975) has shown that modifications to the typical life 
cycle (Figure 1.) are evident and that gamctophytas could be .taploid 
and sporophyt.es could be haploid, diploid or triploid. The 
qanetcphyte and sporophyte are to scne degree heteromorphic, 
iepending on the oanbir»tion of unilocular and pluriloci ir 
reproductive structures between generations.

Zoospores
t'igvire 1.: The 11 to fiycl® si tXto<,\UEMS_siIigUl06US (Dillw)

l,yngl?ye (told & Wynne 197e)

tvs ION

Zoospores ->* L’nilocular sporangium ISporophyte
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If some members of the Ectocarpales only the sporophyte generation 
has heen observed (Pedersen 1974, Clayton 1984). Muller (1962 & 
1963) found that a plurilocular sporangia-boaring Ectocarpus Lyngbye 
placed in tnnper»tures below 14‘C, produced unilocular sporangia, 
'-hilt-, at 16’C both unilocular and plurilocular sporangia were 
produced, and above 19*C, only plurilocular sporangia were produced. 
A number of studies however, have shown the lnaoility of plurilocular 
sporangia-bearing plants to produce unilocular sporangia when 
subjected to a range of environmental conditions. For example, 
r.orocarpus micronorus (Bory) Silva (Pedersen 1974) was cultured under 
varying photon fluences, temperatures and photoperiods and none of 
the co. iitions produced plants with unilocular sporangia. Sf .dies on 
tvro clones of Myriotrichia clavaefonnis Harvey (Pedersen 1978) 
revealed that the clone with only plurilocular sporangia never formed 
unilocular sporangia, although cultivated under the same conditions 
wtuch gave abundant unilocular sporangia in the other clone.

1.3. Genus Feldrwnnia Hamel

Falcfcnannia was tirst described by Hamel (1939) and named after the 
French phyoolegist Jean Feldiann. Ravanko (1970) did not recognise 
this genus. She regarded it as a stage in tlie development of other 
genera within the Ectocarpales, which have diverged morphologically 
due to environmental conditions. This 'variant theory' was 
challenged by Clayton (1972), who argued that divergent morphologies 
observed in members of the Ectocarpales was the result of 
contaminants, which in rwture grow in close association with species 
of the Ectocarpales.

Felrtrwnnia is new accepted as a valid genus by Clayton (1974), Abbott 
and Hollenberg (1976) a.xl others and there is general agreement on 
the following morphological characteristics used to identify the
genus;
(i) large degree of branching near the base, producing a tutted 

appearance;
(ii) meristematic regions occurring near the base and occasionally 

secondary and tertiary /ones at distal ends of filaments;

5



(iii) usually epiphytic but whose base may boccre endophytic as in 
the case of Feldmannia padinae (Huffh) Hamel;

(iv) plastids of lcwer cells are discoid to rod-shapori, but more 
elongated and rectangular in upper aells;

(v) plurilocular sporangia frequently stalked, occasionally 
sessile and mostly occurring below the meristan.

There is sore disagreement in the thallus features put forward . y 
Abbott and Hollenberg (1976) and Clayton & King (1981). Abbott and 
->1 icnberg (1976) propose that sterile, hair-like, filaments are 

usually present in members of this genus, while Clayton & King (1981) 
.attributes this to.iture to the genus Ectocarous.

Vegetative reproduction by fragmentation has not been observed, 
hcwever, occ.ision.illy stolon-like filaments are formed which nay give
riso *o new Diants.

1.4. Dio taxonrry of the Order Ectocarpales

Members of the filamentous, brown algae have very few distinctive 
taxoncxu characters, rnkinq classification into orders, genera and 
species difficult. It is not surprising then tliat numerous 
alterations to the existing classificatory schemes have been made 
over the years. A review of the changes in the classification of the 
Ectocarpalos from its inception to its present status was made by 
Clayton (1974).

Ihe Ectoc.irp.iles . ore origirwlly divided into a large number of 
families, first oy Thuret (in Ie Jolis 1864), then by Kjellnwn (1872 
in Hamel 1939), however, the filamentous Itiaeophyta did not as yet 
have mliviiual taxonomic status. The family Ectocarpacoae was 
erected by Oltranns (1904 in Clayton 1974) and comprised all brown 
algae producing unilocular .ind plurilocular sporangia. The ortfer 
Ectocarpalos was recognised independently by Oltmanns (1922 in 
Clayton 1974) and Setchell and ciirdner (1922 in Clayton 1974). Kylin 
(1933 in Clayton 1974) proposed that the Ectocarpales contain only 
thof»e qaecies which were entirely filamentous and he remove*.) all
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the poeudoparavhyiiMtous forms to the Dictyosiphona1 os. since there 
ire r.po loo :inrpholaqically intermediate in form in the Ectocarpales, 
Chordarialea, Scytosiphorviles,, and Dictyosiphonales, a carplcte 
acceptance of the filamentous nature as characteristic of the 
Ectocarpalss, has not t»?cn achieved.

Husaell (1964) wjqgestod that life histories could be used as a 
taxoncmic characteristic to clarify the status of those forms which 
are internediate between the Ectocarpales, Scytosiphonales, 
chordariales and Dictyos iphonales. His need for review of the 
existing ordirwil status was fuelled by discoveries that seme species 
of Scytosiphonales are linked, by life history, to >incrustinq members 
of the Ectocarpales strcblonera anon?lum Setchsll & Gardner was 
shown to have .An alternative existence os a species of Scytosichon 
C.Ar>trdh. (loiscviux 1973). However. due to the variability in the 
life histories cf these alrjae, the use of life histories as a 
taxonomic criterion neens unreliable (Clayton, 1984).

Classification of ’.he orders within the fhaeophyta, presently relies 
n anatomical features of the thallus. The uniformity of chloroplast 
ultrostructure, as four*! by Evans (1966, 1968 in Clayton 1987), Hori 
(1971, 1972 in Clayton 1987),and Asensi e£ al.(1977 in Clayton 1987-, 
has huen f\it forward *3 a potential taxonomic tool. Many spec'es, 
however, h.c.'e not yet boon investigated and studies on Scvtothamnu 
australif (J.Agardh) Hooker & Harvey and S. fasciculatus Hooker '» 
Harvey (Cl lytcn 1'>S6) have revealed etuvriges in chloroplast morphology 
durir*; spomgener.is. This stresses the need for caution in using 
i-hloropl.ist ultrastructure in the txixonarry of brown algae.

lit® histories'. in some orders e.g. FUcales, Sporochraies and 
lajninarlale* are so uniform th.it they have become a useful taxonomic 
char. 1 ter (Clayton 1980). Use of life histories in classification of 
other orlera is less accurate, simne often this is based on limited 
experimental studies and nuking assumptions e.g. that the possession 
of uni'ocular sporomjia denoted a diploid sporophyte. Orders that 
havo a largo number of nrrbers with gaps in their life histories e.g. 
Ectocarpales, should obviously not be classified according to their 
11 to history (Clayton 1986). Studies of S.austral is and

7



S. fascicx ilatus (Clayton nfl6) revealed how easy it is to overlook 
sexual reproduction in the life history and assume that the lile 
cycle is assxual. Sexual reproduction only occurred in highly 
specific cnvironrv>ntal conditions .ind the nrocess of isoqaniy was 
infreijuent. The (ionmrnt.ition ol numerous asexual life histories in 
the Ectocarpales (HxJersen 1981, v»*ynne 6 Loiseaux 1976, both in 
Clayton 1986) need careful reassettisOTent and experimentation before 
they can be accepted as the oanplote life history (Clayton 1986).

Filamentous, btrvm algae mire oriqirwilly all classified in the genus 
bctocarpa. ftony genera, however, have s a w  been erected.

n*> taxonary of tho tj.*tocarpiles has recently been revised b/ Clayton 
(1974). Her atterpts at obtaining sane form of taxonan'^ order has 
lol to studies on thallus development, life hist... s and more 
runcntly ultrastructural studies on members of the Ectocarpales. 
Since as yet no better ntnns of classifying genera in the order has 
been proponed, tho morphological characteristics as defined by 
Claytor (1974) will bo nwintainru. To quote:
" The filamentous, brown algae have few enough taxonorvic characters 

tnrl those which are valid should be retained (Clayton 1974)."

Studies on irriividual nurbers of the genus have twen conducted and 
the earliest ocrprehcnsive .Jtidy on Ectocamis was that of Knight 
(1929) on Ectocarpug 3iliculosua. Using light microeaopy she 
presented detailed accounts of the general morphology of the species, 
the structure and functioning of sporangia, cytology, speculations on 
the life history, geographical distribution and sexuality. While 
iwbeoquent studios have tound minor errors in her interpretations of 
observations, such .is her documentation of unilocular ganetangia, 
which are new kneam to be unilocular sporangia, her accurate accounts 
have laid the ground work for more recant studies on this genus 
(Baker L Evans 197J, Mirkoy & Wilce 1976a,1976b; Doth 197&a, 1976b).
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1.5. Rttrwluctisri in the Ectosaix os

At. mentioned earlier, the structure and developrent of reproductive 
structures in the Ectocarpales is considered primitive (Fritsh 
1945). there are two types of reproductive organs:
i) 1tf» plurilocular gometangia or sporangia which are derived by 

mitosis, and associated with cross wall formation.
ii) Unilocular gametangia or sporangia, where during development, 

cross walls are not formed.
Nuclear divisions in the unilocular sporangia are generally meiotic, 
but in scne instances zoospores formed retai' the same level of 
ploidy a3 the parent algae (Muller 1975).

In the Ectocarpales, plurilocular structures occur in both tiie 
isexual and sexual phases and *>■ such nay be either sporangia giving 
rise to diploid zoospores cr gametangia producing haploid gametes. 
H»iie strictures are mostly i.-.amorphic betw>jen phases and a knowledge 
of ’..he life history is rwocssary before distinguishing between the 
two. Generally, the plurilocular sporangium is more canton and 
occurs mro often in the life cycle than the plurilocular gametarvjiu-n 
(Clayton P74, Fletcher 1981). Both the sporangia and gamotangia 
develop fran lateral branches and rrwy be stalked or sessile.

In the majority of mombers of the Ectocarpales, unilocular 
reproductive structures are described as sporangia. TT>e plurilocular 
sporangia and gametingia contain irany locules each possessing a 
single motiio cell. In contrast, the motilos produced in unilocular 
organs develop in a .single unpartitioned organ. These unilocular 
structures are not as a w t m  as the plurilocular structures and were 
thcughi not to bo on obligate phase in the life history (Knight 
1929).

L’sing the light microscope, Kni<,-ht (1929) noted that the plurilocular 
sporangia of H&tscairus 3iliculo&us arose .is papillae cut off by the 
fomitior, of :t o ss walls at right angles to the long axis of the 
plant. lach tior underwont longitudinal divisions until as miry as 
690 loculi wore evident in the nature sporangium. Throughout their
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development, the nucleus, ‘ircrwtnpfvarra .ind partition walla were 
evident. A mere detail'd description of the stages in the
development of the plurilocular sporangium or zoospore formation 
(.ocwporajener.ia) * M  the result of the studies on Bctocarpus parvus 
S.tunc*en» (Iofthouse i Capon 1975) using electron microscopy. Thia 
stud/ hat* Ijeen fnjrrwrined in Figure 2.

T*\e early develocnert of a unilocular gametangium aorronces <\s a 
spherical swell nq in the call wall of a vegetative call (Knight 
1929). The unilocular ganatanqiun gradually increases in size with 
incraisttj nuclear divisions until Iwagonal masses of protoplasm 
separated by cloavage planes can be recognised in the nature organ.

Using the light microscope, the observed release of motile cells was 
precwled by a bulging of the tip of the sporangium (la Claire i West 
1979). This eventually bursts to release the mot ilea. In 
plurilocular structures, the locuie walls do not appear to be 
oorpletely broken down. for exaitpla in P'.vtoalphon. the motilcs 
ifT*«r to atrtvw throucjh a central column to the exterior of the 
reproductive structure (Clayton 1984). A central column was found in 
cross sections of E.parvus (lofthouee fc Capon 1975).

A nvnber of ultrastructural changaa take place in both the unilocular 
and plurilocular structures just prior to the roleaso of motile 
cells. In the plurilocular structures, spaces develop separating the 
rot lie from the cell wall (Scytoaiphon Clayton 1984; Cutler la 
hanoockil tttwson. la Claire fc West 1979; littoral is
M(L)KJsl lnwn. ttirkey k Wilce 19 /t.a). lhcw spices are thought to be 
filled with micilago. In unilocular structures tho ictilos round up 
before roloase m l  are surroundod .ind permeated by mucilage 

litU’rali® Toth 1976a). Other ultmatructural changes 
occurrirrj before the rcltvuio of motile calls include the production 
of intraplaat*dial eyespots and a pair of tlaqella in each motile 
cel 1.

Ihe ultrastructure of tlic apical cells within tho plurilocular 
sporangia of E.parvua rnntlal poorly dofirwd mranbrarw systems and 
organelles (Lofthouae & C.tpm 1975). Iheae differences, when
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figure 2; Develotnrnt of a plur 11 ocular q y ranqlum in Sctocarpua 
COTYUS (modified Iron Usfthouae k Capon).

1. A v« jot.itiv« cell allowing oorrvex bulging of the lateral wall.
2. :J«vly formed ceil wall brtwuen aporangial Initial and vegetative

cell.
3. Ibv two oullcd statin. 4. Itie six oellori stag*.
5. Nine rank Mt.ige. 6. Maturo plurilocular sporangium.
7. Crons section rcvoallng a oential nupportiiig column.



ixrpiml with other ilevelopinq not.i Ion elsewhere in the sporangiun, 
loti the: so authors to prosune th.»t the apical cells are non-viable.

I ho pnxrw * 1 iijer.it ion of notile cel Is Is thought to be the sane 
in both 'anii . *■ and plurilccular structures. Khight (1929) 
observed th.it 'x. . a of nporanqia w.»s caused by perforation of
the cr’l wall y the termin'1 and .inti the croation of a 'suction 
pnwu ure' enabling u:i /oospores to "ooze" out In a mucilaginous 
runs. More nxvnt obeoi itions r’con to indicate that internal 
irensure la cmited within the spor.imjium, rculting in the pissive 
liberation of the notile colls. FurtJiernore, discharge of notile 
tfvrcs does not seen to he related to the turgor pressure of the 
spores thrtTnelvc?. Ujt rather to hytL-ation of the mucilage 
.-nirrourtlini the not)Ion in both piurilocular and unilocular organs. 
Using hiut.Tiivnic.il staining tectvu joes Toth (1976a) has snown Uwit 
the sue 11 .ige in lylducllj littoral la la carbohydrate in composition 
\nd carbohydrates aro prone to hydration. Release of not lies of 
;r.tort; til il j.il nuld then be synttin-nioed with the inuaninq tide.

iiD i nurtwr of theories as to the origin of tho mucilaqe 
surrounding the notile cells in the Ectii-.irpAlee. In an few 
inst.vuî i, vesicles in developing mot lies -*re observed releasing 
their contents into the space t®twoen the motile and the cell wall 
Baker I Evans 197), farkey k Wilce 1976s) and it was s;iggost<d that 
the ttitents of thesK* vesiclos constitute the mucilaginous nwtrix (la 
. tire k U*t 1979). However, this does not explain the extensive 

?Mnrni of locule wills in iwiy -species. It was suggested th.it the 
vesiclos could ilao a sourix.* of enzymes responsible for the break 
lawn t the cell will and tho rwsultant break-down products form the 
-.itnx (Clayton I >84). In :i',tosichon (Clayton 1984), there was 
unequal erosion of the outer :tporangial walls. IT» inner layer 

of ilginic acid being eroded far more than the outer, 
[erai:itent, uellulosic layer. Kirthormors, this nwy lead to the 
observation th.it tho locul* walls are otTfmsixl largely of alginic 
tcid ir»l th.it the break down of this ccmponant produces tho rvitrix. 
Itio rntuining oellulosic corjwnent, wuuld be suificiently thin to 
•\i:iily bmik by itMCtanical utiess, uuch <is th.it causad by tho 
r.vel 1 u*| of the nvitrix.
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Attn release, tho .,wti 1 on swim for up to 24 hours Lefora settling art 
.1 ptibetrate >r»l responding to external stimuli mxti as light (Wynne 
1* in Fletchtr 1087, ftiker and Evans 1973). Mottles of mrrtiern of 
tho Fctocarpnles ire typical of all phaocphytes, possessing two 
siub-apically inserted heterokant or unequal rlogoi la. The posterior, 
shorter flagellum is fwnnth whilst the anterior flagollum boars 
(MStigontnM.

1h* llagellun is divided Into a number of regions; the basal body, 
transition zone and the fligellar shaft, which in none cases bears 
ntstlgonanee or Mira. All of these regions are traversed by 
mcrotubulos, which are arranged in the oxonene, which in turn are 
arranged in different jutterns depending on where they occur along 
tho flagollum (Figure 3.).

p*om>m»i M' HH «•*#*««*•
Uyurc L  ■ I'l vjrvmttK nvonatruction of ths flags!lar shaft.

transition rcaion and I>*m 1 twty Qt chiaiiydcjiww 
EtintHTSftii tXVXWUd (frc*n Caval ior-Smith 1974 in Moostnip
1982).
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Ihe .lxc'm’np irrangcrant of the basal budien is character i sou by .1 
'cartwheel' pittem and variation from this arrangement is reportedly 
mrr* (Moestrup lr»8̂ '). Ihe prenirsors of the basal bodies are the 
oentriolea which are not tliought to play an .active role in mitosis 
(Pickett-IfcMps 1971 in Mnostrup 1982). ftmal bodies are thought to 
be involved in flagellar rrrrvement, however oxanples of mot i los 
without br»* have (fier.tioned this theory.

The brown algae, .like other heterokont algae, lack a transitional 
helix. Ihe ,»bncr r  of this structure indicates that it may bo of 
little ijijxjrtane* in flagellar functioning \nd its function may bo
taken over by other flaqsllar puts.

The flagellar shaft is characterised by nine outer doublets of 
mictotubules which surround a central pair of single microtubules. 
T^is irruvMTrr.t is more ocrmonly known as the '9*2' arrangement. 
The acrorena or ha.rpomt and r«stlgonwrrs .ire featuros of the shaft: 
the f mrr n-:,tricttd to the tip and the nvu»t gontres nwy at ruturity 
c«» listnlx;t«d, helically, in one row, along the entire length of the 
flogellur.

Typi ally, brown mastiganMM posmaiEi an expanded base, with a
hollow centre, which givos rire to a ahaft region. The shaft 
TTfiriaer. t'wo zones, a proxirwl fibrillar part and a distal tubular
ri«jian, a m r l y  U\>rinn two hair* (Nuiisell 1971).

The acronena i s  in  easono* a o n n tinu.ition of the tvro central .txoncmes 
in th e  ">*2' irra n g iT ttn t. The delicate nature of the a«.Tonen« and 
i t s  a e n c i t iv i ty  t o  mechinioal o tr e s s ,  means that It has been lost in 
numeraun ^ v cim e n  p rrfla ra tio n s . In EctSWlTUi “P*. only II of the 
c e l l s  had an acronema (Mnrntrup 1982). A number of functions has 
t»«'n a s c r i l * d  to  t h i s  r»»jion; initial contact between the nwting 
g v n rte i in Q ilary donoma reinhardtii and the attachmont to the 

a b e tr a te  #■..g . n . (h op ia  t< rr« n t« u  (hath 197(>b). In the latter, Ttoth 
(1976b) su g g ests  th a t  th e  .ktotmtm i s  covered with a sticky protain 
•ti ch enhances vIhcr.ion t o  th e  mibstrate.

Muller (1988) and Kawoi (1988) have observed zooid flagella with
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epif loumv*>noe microscopy '.inder blue and blue-violet light 
fjtcit.ition. Ihe front fl.igellun was oanpletely invisible, *hile the 
posterior flagoHum shows .1 bright, blucish green fluorescence over 
its entire length, including the swelling near the base. Miximum 
f luor— osnce ceusi ion .it wavelengths of 515-*>20rm, upon excitation of 
440m Lv the exciter filter, indicates that tl» autofluorescent 
substance is au'didered to bn a flavin (Kawai 1988). It is present 
in brown algal flagellato cells which have eyespots and are 
(ftototoctic. itnause the flagellar swelling in the posterior 
fl.igellum is a prrwunpt'vo photoreceptor for phototnxis in these 
groups, it is suggested that the flavin located in the posterior 
Magellan, acts .is a photoreceptor pujnent in phototAxis.

hujurv 4: Di vjrvrnA tiu  ro ^ v re ttv fc tlo L S l t io o n U a r osBAratus in

G liw »lj' it ■ l o stall iter jaagBcr* (O'Kelly fc Floyd 1985).
M«r & tyr - Mijor «. minor bypassing rootlets 
DF » Distal fibre m  - Transitiorvil helioos
DH I SB Deltoid 4 at rap-shapod utri.ittxl bond*
A l l ' -  Anterior I |«sterior basal bodies

studies on the fl.vjellar .»n»u itu»« of Girau&lVCis l&ellilftT (O'Kelly 
and Floyd 1985) rev*wltd the flagellar apjvtratus oarjxnonti* in the 
vicinity ot tlto basal bulios (Figure 4.). Kjiacntially a number ot
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rootlets serve to anchor the flagella. Studies of motile cells of 
brown algae have revealed the of an anterior rootlet (Manton
1957, £V\ker & Evans 1973, Ij  Ciaire & West 1979, Henry & Cole 1982a & 
1982b in O'Kelly & Floyd 1985, Moestrup 1982, Clayton 1984), while 
the nwjor posterior rootlet appears to be absent, with the exception 
of Itiyllogpora ocraona (Moestrup 1982) and possibly Ectocarpus (Baker 
& Evant 1973). O'Kelly and Floyd (19851 suggested that it n«y be 
significant that species in which najor post rootlets are present, 
belong to groups regarded as primitive In the Itiaeophyceae, as 
recogmsod by Scagcl (1967).

1.5.1.

While it is often possible to discern the functioning of larger 
structures associated with algae, such as flagellar action or the 
release of notile cells, it is far more difficult and challenging to 
determine organelle functioning at the electron microscope level. 
Since Gequenucs cannot be observed simultaneously, but require 
numerous f«-t**iling runs followed by sectioning over time, speculation 
is often rude about the missing steps in a process. A number of 
lrportant processes required for 'normal' oell functioning will be 
discussed in turn.

Transport of food reserves .uvl secretory precursors are thought to be 
intricately involved with the pyronoid, nucleus, chloroplast envelope 
and the Golgi (Bouck 1965). More specifically, materials produced in 
the chloroplast are stored in the pyronoid or passed through the 
surrounding endoplasmic reticulum to the Golgi and ultimately 
extruded 'ran tho cell. Evans and Holligan (1972) argue that the 
by-products of photosynthesis arise as osmiophilic bodies in the 
chloroplast. ihese bodies are then expel let! in vesicles from the 
chl'roplast, where they coalesce in the cytoplasm to form larger 
osmiophilic bodies, Oliviera and Bisulptra (1973) noted 'osmiophilic 
structured' bodies associated with the chioroplasts and traced the 
origins of these bodies to the chloroplast eidoplasmic reticulum.

In the cytoplasm, the otaruophilic bodies accumulate at the cwll
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periphery .tnd arc excreted from the cytoplasm, to be incorporated 
into the ce11 wall (fViker i EVans 1973, loiseaux 1973). The presence 
of osmiophilic nwterial exterral to the cell wall (Baker & Evans
1973), suggests that it has been extruded from the cell. Armstrong 
.\nd Itaalch (1960 in IV\ker and Evans 1973) demonstrated that 
Ectocarpus plants release metabolites into the culture medium. 
Whether or not in the last exanple the metabolites were from the 
osmiophilic bodies is net known.

Golgi-derived vesicles are thought to play a role in the transport of 
the osmiophilic irwterial within the cytoplasm (loiseaux 1973). The 
origins of the Golgi were suggested to be fomed by blebs, produced 
by the outer nuclear membrane (Loiseaux 1973). Tticse blebr; coalesced 
to give rise to the perinuclear Golgi.

Very little is documented in the literature on the formation of 
lorule walls within a sporangium. Baker and Evans (1973) suggested 
that the abundance, at a stage when aell wall formation was taking 
place and location of plasralnrnMsanes and lerwsames (also known as 
parwural bodies) in the region of the forming cell wall, suggests 
tnat they rrwy be involved in cell wall formation. Plasmaleitmscmes 
\nd larvisonrs have been reported in other brown algae (Cole & Lin
1970 in Baker & Evans 1973) tut their role is as yet not fully 
understood.

■ftvo process of flagellar fornation has boon studied in Pvlaiella 
littoral is (Mxrkey & Wilae 1976b). The first indication of flagellar 
formation is the occurrence of a pair of centrioles, cloue to the 
nucleus and perinuclcar Golgi body. Basal bodies at the distal end 
of each oentriole give rise to a uisal plate. This basal body/hasal 
plate carp lex constitutes the flagellar precursors. The next stage 
is the formation of the flagellar vesicle into which the part of the 
forming f I age Hum .tbove the basal body extends. It is possible that 
vesicles bud off from the Golgi and ooalesce to produce the flagellar 
vesicle. The smooth flagellum develops <i;jpressod to the edge of the 
flagellar vesicle for part of its length, while the tinsel flagellum 
develops away from the vesicle wall. Ihe rag ion of the smooth 
flagellum appresscvl to the vesicle periphery has a swollen flagellar
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menbnna and is thicker than the tii_3el flagellum (Markey & wile®
1976b).

Mastigooeme f omit ion most likely occurs within the endoplasmic 
reticulum. LVi'ience of this is found in the structure and <iizc of 
tubular elements in the endoplasmic reticulum (Moestrup 1984). At 
first the flagellar hairs a ^ . w  to be irregularly arranged, but 
later on the hairs bcccre aligntvi in one or more groups. 'I>iC bases 
of the rust igonnmes are apparently attrî rkxJ to tlie endoplasmic 
reticulum membrane and this led to suggestions that the hairs cure 
added to tho growing flagellum together with a piec» of endoplasmic 
reticulum membrane, which is then incorporated into the flagellar 
nmbr.ine. In Pylaiella littoral is. nwstigorxmes reportedly move via 
tho Golgi to the growing flagellum on their way from tie er»toplasmic 
reticulum. In Giffordia granulosa (Sm) Hamel sw?.roer9, r: to spokes 
between individual nastigonemes seemed to kett..» nastigonemes 
separate frcn each other (Loiseaux 1973). It was also suggested that 
these spokes ray play a role in directing orderly transfer of haire 
from tho cytoplasm to their fuial position on the flagellum. Similar 
irpokes Live net to*, detected in other brown alqao (Manton 1957, 
Bouck 1965, Hiker U Evaiis 1973, La Claire & West 1979, Clayton 1984).

L’sing fluoresoently labelled hairs, Bouck (1965) was able to show 
that the hairs were aildeu to the base of the flaqellum. However, it 
is clear that several different a-ystems are involved, but, details of 
the actual attachment process of hairs to the llaqellum is not known.

TT» arrangement of mast igonemes on the flagellum seems to vary 
depending o' the age of the flagellum (Moestrup 1982). As observed 
by Markey and Wiloe (1976b) and Rerkaloff and Rousseau (1979 in 
Moestrup 1982), the newly formed nttstigonenvs, after their release 
frcn the cytoplasm, are picked together in a proximal group on one 
side of the flagellum. Distal ends of the tlagella are tree of 
hairs. Kventually the hairs are distributed along the entire length 
of the flagollum. Negatively stained preparations of Giffordia 
aranulSBO (Loiseaux 1973) iihowud th.it the nwstigonomes were arranged 
in two opposite rcaas, unliko th.it found in tho developing zoid within 
the sporangium.
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1.5.2. orS'vnelU* iif** .structure u™«tCTU£_iosl

Similarities rf mobile cell organelles between algal groups has led 
to a number of attempt* at using organelle fine structure as an aid 
to assessing systematic and phylogenetic relationships in algal 
groups. Traditionally, features associated with thallus morphology, 
vegetative growth, reproduction .And life history in brown algae have 
form**! the basis for their classification (Wynne 1081 in O'Kelly & 
Floyd 1085). More recently it his been suggested that the value of 
the latter attributes are limited with respect to the Chlorophyta 
(Stewart & Mattox 1075, Floyd fc O'Kelly 1084, Mattox i Stewart 1084, 
O'Kelly i Floyd 1084c, all in O'Kelly h Floyd 1085). Furthermore 
O'Kelly and Floyd (1085) suggest that continued use of thallus 
morphology, growth regions and reproduction in classification may 
obscure details which support the parallel evolution of thallus form 
and construction in different brawn algal lineages.

As mentioned earlier, chloroplast structure has been considered as 
being sufficiently uniform within groups to be used as a taxonomic 
feature (Evans 1066,1068, Mori 1071,1972 & Aaensi ot al 1977 all ir 
Clayton I .Hhankly 1987). other organelles suggested as being useful 
in toxonnrry are eyospots (Dodge 1973), flagella (Moestrup 1982) and 
the pyrenoid (Dodrje 1973).

Ey-rovs are categoris<»i into types by rxxJge (1073) according to 
tneir association with t-he chloroplast, for exanule, Typo B eyespots 
form pirt of the chloroplast and are loosely associated with a 
flagellum. IYu« latter eyespot type was identified in the
Xanthophoeae, cjiryaaphyuoae and Itweaphyceae and these classes also 
share similar pigment ixrposition and flagellar structure. 
Difficulty in using oyespot type in classification ariaos where 
variation within a single class exists, such as in the Pinophycoae.

lyrenoid variation was also noted within a single class (Dcdge 1973) 
and so use of pyrenoids in taxanany is aluo guest ignoble. Uniformity 
■' pyrunoid structure does exist in the Ftweophyceae, where most 

tors possess a sirrjlo-stalkod pyrenoid.
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Moestrup (1982) organised all heterokont algae into the 
Hoterokontophyta, characterised not only by tho structure and 
.lrrongcwnt of thfc flagellar hairs, but also by the transition region 
\ml numerous cytoplasmic features. The Itiaoophyoeae are included 
within this phylum. Variation in ll&jellar structure was found to bo 
minor, involving the loss of ore row of flagellar hairs, or loss of 
the transitiorwl helix.

Hibberd (1979 in Moestrup 1982) uses flagellar structure in 
construction of the phylogenttic relation* between algae (Figure 5.). 
Unlike Hibberd, Moestrup (1982) suggests that the brown algae may 
have born donved from the Chry'ophytes or fran heterokont fungi.

E iaurc *>.: f fiy la s 'in e U ?  siiflonwi-fawfld a a J  iK M llftE . ULm k S uct

(Hibberd 1979 in NoMtrup 1982).
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1.3.3. Thft-ssnssBt-oX -sexuality

Hartnvtn (1925) introduced the <.r>ntx*pt of relative sexuality, which 
describes the ability of .1 gamete to act either as a male or frnalo 
when anted with different pwrtners. fie inferred that the sex of 
g.tmetopiiyteo was determined early in its development by external 
factor*.

uhile Muller (1975) argued that there was no data left to support the 
theory of sexual ity in the plant kingdom, he noted that t:.a 
■ippwrently isomorphic g.imetes of Ectocarpus sillculosus differed 
behaviours!ly, acting either <vs 'nule' or 'fowls' gametes. Fertile 
gametes rel«\vied from g.imrtangia tondod to nswin motile for up to 
twenty-four hours alter release whereas n»le gametes settled soon 
atter dchiscenoo. When the female gametes finally cane to rest by 
fixing thonrelves to the substrate and withdrawing their flagella, 
they started accreting a sex hormone called 'cctocarpene' (Muller fiS 
ai. 1971) which attracted the nule gametes. For fusion to take place 
the -«le gimetes retracted the front flagellum so that it oould 
ĝ iroatJi the fertile cell. After one male gamot-s had fiued with the 
fertile, the zygote lost its attraction for thr ther nwle gametes. 
Tho chemical orrjiomtion of the 'ectocarpene' has been ellucidated by 
g»s iihrnrutagmphy.

Sexuality was ilao reported in an isolate of Giffordla mitchelliae 
(Harv* ! U * ’ (Muller 1969). Here the female plurilocular gametangia 
had larger locules than loculus of malo plurilocular gametangia on 
the a w  plant. largo .tnd mill loculed gametangia and sexual 
activity have not hren observed in subsequent studies on Giffordla 
(Araler 1985).
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Stock cultures of FcldPt� �@� �.�� �)�1�D���� �, rre placed In Kep� ��1���0� �3�2�;�3��

�4�5nta� n� ng nnrlched -\t water med� �(�@�� � nd sub)octed to th« follow� ng 
env� ronmental cond� �-� �5 ns: torperature �*�6���7��  photon fluence rate 
‘){|L� �)�6n“*!a<v"*f photoper� �5�5�� �5�)�� ���H�� �2�5�( rs l� �+�2�-�� �%���-�; rnat� ng w� �-�2�� �?��

�2�5�(rs of darkness. Stocks wore ma� nta� ned by remov� ng newly released 
germllrrjs .tnd plac� ng them In fresh nwd� nn. Th� �3���3�(�9�4�(���-�( r� nq was 
conducted fortnlg� ���-���<���� ���-�5�4�B�� �%���+�%�5���,�5 re used for exper� �@�;ntal and 
m� �4roscop� �4���3�-�(�0� �;�3��

�6���C���C���� ��� ���-�( ra .TPd� �%
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�����������-�5���(�9�3�$�� ���3�;�4�-� �5 n 8 .1. � n append� �/�$�� ���P nd \ strength sell extract 
(aact� �5n 8 .1. In tppert� � �/�$�� �� n ster� ��� �Q�;�0���3�;�%���,�%�-�; r (sect� �5n 8.1. � n 
trpenl� �/�$���� rwre spec� �)� �4�%�����<�� ���L�@�����5�)�� �������������� �% nd Sml so� �����;�/�- ract per 
l� �- re of ster� ��� �Q�;�.�=���0 �@ ���,�%�-�; r. �/�8��  m� �����������- reu of Gernwmum d� �5�/� �0�;��

�,�%�3�� �.�0�0�-�1�����-�5���5�*�; r, l� �- re of med� �(�@���,�2�; n algae wore � n� �-� �%�����<���4�(���-�( red 
to el� �@� nate the growth of dlatxra. Go m� n� �(�@���0� � �/� �0�;�� � nterferes 
w� �-�2�� �3� ��� �4�5 n rwtabol� �3�@�� �-�2�;reby Inh� �9� �-� ng s� ��� �4�5 n trustule 
forttt� �5n. �"� �;���3�%��� n� �-�<���5�-�� �-�2�;�� nwd� �(�@���(�3� ng an V �� ���������'�;�)���@�;�-���4�'�7���-�;�'��
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3.3. L� �+�2�-���@� �4roscopy

A Ze� �3�3�� �5�( rpuund photarucresunpe, w� �-�2�� �9 r� �+�2�-�� �)� �;���0���� ���4 rursk� �� �%nd
l*� �%�%�;���4nntn»st opt� �4�3�� ���- nd a Ze� �3�3�� ���- nd Olynpus � nvertod
photam� �4resonpe. wen* used dur� ng the l� �+�2�-�� �@� �4roscope stud� �;�3����

���2�;�4�;�� �� nclulcd observat� �5ns on stages In the development of the l� �)�;

�4�<�4���;���� �@rs� nuremrnt of f� ���%�@�;nt s� �Q�;�3�� �%nd to check on aloal 
oontamlnants If present
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TT� �;�� �D�;�����;�-�� � n the 1001 f^urrs was placed � n alum� n� �(�@���;�@�9�;�0�0� ng 
..lahes ard polymer� �3�;�0���%�-���K�L�������)�5 r 8 to 10 hours.
Tr� nm� nq and sect� �5n� ng of polymer� �3�;�0�� �9���5�4�B�3�� �%nd sta� n� ng and 
v� �-�*� ng of sect� �5ns followed the sane procedure as that of the
f� ���%�@�;nts.

3.4.1. ���;�+�%�-� �*�;���3�-�%� n� ng

F� ���%�@�;nts bear� ng nature plur� ���5�4�(���%r sporang� �%�� �,�; re placed � n 
hang� ng drop sl� �0�;�3���%nd flooded w� �-�2���) resh med� �(�@���� ���.� �5�;���@�5�-����� �;�3���2�%�0��

�9�;�; n released, the f� ���%�@�;nts ware ronoved from the sl� �0�;�� ���;�%�*� ng a 
farall amount of med� �(�@�� �4�5nta� n� ng mot� ���;�.���9�;�2� nd. Us� ng a syr� nge 
sens of th� �)�4����� �J�(� �0���,�%�3���3�(�4�B�;�0���(�D���% nd drops placed on formvar coated 
gr� �0�3���� rtv«e gr� �0�3���� �D���(�3���-�2�;���5�;���� �3�(�3�D�; ns� �5n, were then ost� � �4�%�-�;�0���)�5 r 
30 seconds. gr� �0�3���,�; re trven allowed to dry on the lam� na- flow
bench for � �D�Droxu&� �-�;���<���C�L���@� nutes. D� �3�-� �����;�0���,�%�-�; r was then placed 
on the gr� �0�3���-�5���0� �3�3�5���*�;���-�2�;���3�%���-���4 rystals. TT» water was drawn off 
w� �-�2�� �0�; ntal absorbent ♦ � ne po� nts. Gr� �0�3�� �,�; re washed �����- � �@�;�3���%nd 
allowed to dry.

Preparat� �5ns were sta� ned for 20 m� nutes us� ng pre-f� ���-�; red, II 
aqueous uranyl acetate. Onn aga� n the gr� �0�3���*�.�. re washed 3 turns 
w� �-�2�� �0� �3�-� �����;�0�� �,�%�-�; r .tnd the excess n� �-�; r drawn off us� ng a der.tal 
abecrbent f� ne po� nt. Gr� �0�3�� �� �- �� �- �� �*� �1�1�0�� �5 n the 100S ���;�5����

�-�'�%�&�3�@� �3�3� �5n electron m� �4roscope at 80 KV.

3.5. qrvtnn� ng olwtmn rU�������V�������<��

���$�� �� � �/�%�-� �5n;

Zoospores were allowed to settle on glass cover sl� �D�3��� n mtd� �%���%nd 
placed � n 1 part €% gluteraldehyds to 9 parts ster� ���;���3�;�%���,�%�-�; r 
solut� �5n � n a Petr� ���0� �3�2�� �-�5�� na� nta� n the correct or� �; ntat� �5n. �� �� ��

�-�2�;���@�%�-�;�'� �%�����,�%�3���)� �/�;�0���)�5 r 24 hours at rocm tenperaturs.
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