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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;
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(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

9



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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i.6. fSmrpnmcm-'i control of reproduction

Algae, like hiciher plants, have dcve 1 oped elaborate react. 1 ons for 
seasonally nyncf.ronising the timing of spore or q.w»te production and 
release, ini the uhaaos of active growth and dornancy. This enables 
then, to nake use of seasonally varyinq ecological factors such as 
torperature, photon fluent*, light quality, photaperiod and nutrient 
concentration. While temperature ini day length ard in some 
instances light quality act <is triggers inducing reproduction or now 
growth, photon fluenue and nutrients modify the anplitude of the 
reaction. Often there is an antagonism of reproductive and 
vegetative growth in a seasonal response sequence (Inning 1981). For 
exarple, sorus development in a lamiraria species in short days 
involves a dranatic reduction of the growth rate (Lumnq 1981).

frphasis on the following discussion will focus on the najor 
environmental parameters in turn ini the influences these have had on 
controlling reproduction. Tho influent* of nutrient concentration on 
growth ini reproduction will net be reviewed. The discussion will 
not be limited to the Ectocarpales but will cite examples from all 
the algal groups.

1.6.1. Light cl irate

As we rove from the shore rargins into deeper waters, go the light 
quantity ini quality undergo dranatic changes. An understanding of 
the way in which '.ho life cycle .ini growth of soaweods is related to 
light cl irate requires qu.int l tat ive analysis of Its responses to 
light. Most txmonly, this goal has been approached by determination 
of the raximoVsaturating and minimum liqht levels Jefining the 
limits within which ria)or physioloqical processes can be oporatod.

In fhotoeynthotic organisms, liqht provides rot only energy for 
assimilation, but infornatlon which is used to adapt to the various 
light cliratos. Ihotorooeptors other than chlorophyll are 
responsible for the liqht absorption in those adaptivo responses. In
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alqae a variety of photoreceptors art* found, mcst abundantly 
phytodirome and/or ciyptochrame (Drinq 1988). As with higher plants, 
liqht rwy Influence morphogenesis .and metabolism (Drinq 1988).

the liqht field, to which nwrine alqae are subjected, is made up of 
tho oaninnnd oaiponer, of liqht intensity, photoperiod and the 
quality or wavelenqth of liqht. While it is the combined action of 
these ocrponents tliat influence the qrowth and development of alqae 
in nature, it is possible under culture conditions, to separate out 
these corponents ind determine experimentally which is initiating a 
response.

1.6.2. LtictynI L & x s

ft»ton fluenoe rate is the term used to describe the amount of light 
incident on a surface, as used by Ramus (1981) and/unolm"2sec“1 
is the Syaton Interrwtionales (SI) unit of photon fluence rate, as 
dMcrihnl by Iumng (1981). ttiroughout this thesis tlie term photon 
fluence rate will be used r:ynonnmously for the phrases light quantity 
nd intensity.

■ftvere have recently bcvn nvvry studies on the rate of development of 
reproductive structures at different photon fluence rates. Most of 
those show that the rate or intensity of reproduction increases with 
increasing photon fluence providing other conditions are favourable 
rg. Hydrodictyon Roth (Neeb 1952 in Drinq 1974), Itorphyra C.Agardh 
(KUrugi {i ai.1962 in Dring 1974). Ttie resulra have also often 
indicated that there is a threshold intensity below which 
reproduction does not occur e.g. Acetabularia crenulata (Terborgh & 
TTiir inn 19<>4), m d  Dosnttrestia Uwouroux (Chapnn & Burrows 1970 in 
Dring 1974), and that reproduction is inhibited at high photon 
fluenoe raten ng. tetrnnpurophytec of BonnwftiaQnifl v-.Aqardh (CJxsn 
sll. 1970a in Drinq 1974) \nd Laminaria U\mouroux (Hsiao and Druohl
1971 in Drinq 1974).

It has been argued th.it the effect of photon fluence on reproduction 
be correlated with changes in photoetynthetic activity and thus
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when photosynthesis is inhibited at extreme Icm or high irradioncos, 
reproduction is too. Howjver, acm results obtained indicate that 
photosynthesis w.ts aot rvi turn ted at onerqion which were saturating
for reproduction (Kain 1066, Knwjgs 1966).

IT>e influent* of photon flue*** on the typs of reproductive organ 
produced wan illustrated by Muller (1962). lie showed using a species 
of LVtCVaiPU® that high light energies favour unilocular sporangium 
development. while low light energies favour plurilocular spornnguim 
forrwtion. In PcCbWlia Solier, sporangia v»re produocri in strong 
light, «rd vogatative propagules in weak light (Hustcde 1964).

Lijht stimulates the liberation of motilue In some algae. Ectocarpus 
slllculosua gaastos ,ud /oospores are 1tberated from nature 
<>i.net.vnrjla .ud sporangia within minutes of being removed front the 
lark >vd placed in the light (Clayton 1974). Egg liberation in FUcua 
requires at leant eight hours of light; above this threshold the 
nunher of eqgs rei(%tsod increases with the length of the irradiation 
period (ATe 1970).

Jones ud Dont (19 71) investlqated the effects of photon fluenco on 
the growth of algal spores .ud showed that an alga's pigment system 
nwy prove irportant in establ ishing photon fluenoe tolerances. Their 
results indicated that sublittoral species depend on a phycoerythrin 
-ctdorophyll system for tho utilization of light .ud can grew only at 
irradianuas at which fhyooerythrin is not destroyed. Intertidal 
species appear to have a rieoond system which can function without 
phyuooryr.hrin, at high photon fluorine rates.

In acme investigations, variation in phot or fluenoe rates have been 
ocmbinrd with variations in day length aid it is evident that often 
the onset of a reproductive fihase is related to tho total incident 
ui -*rgy or tho radiation rather than to a specific irrodiance or day 
leiijth (Dring 1970). To measure tho total quantity of light erorqy 
received per day, we measure tne moan daily illumirwnce or MDI 
(Chaprwn ami furrows 1970 in Uring 1974). 'lt> calculato the MDI under 
laboratory conditions is easier than in the field, since a constant 
lrradianoe of light can tie nwintained. In the field tho intensity
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varies* '.Jejuni i nq on the a nr) Ip of the sun. MI) I is calculated as 
foilown:

IXtL.
MUI- 24

where I'illuminar*» In /u molm"'’
sec'1

D»cfcjy length in hour*
24-no. of hours in a day.

1.6.3. ITiotcrcrioJ

ITwtcper iodic responses are well kiwn in higher plants and ore 
associated with changes in day length and temperature, which often 
herald the oreet of noasonal change. Initially it was thought that 
photoperiodic responses would not be evident in nvtrine environments, 
as wiJo fluctuations in torpemture .and day length are not 
expor icr*x»), however, there is now .adŵ iate evidence that a 
photoper iodic iwprmne exists in seaweeds. Host of this cvidonoe 
oa*s frun studies on red algae (or}. <Vk*y 1970, Inning 1981, Guiry 
1984, Ouiry & cunninghan 1984), while ocnparitivoly fewer studies 
have concentrated on photoper iodic rcsipormes in brown algae (on. 
Jaffo 1954, IVrnc k Craigie 1971, Nakahara k Nakamu-a 1971, Dring f. 
Inning 1975, Terr/ k Mr>;s 1980, Dieck 1987, Hoffmann 1985).

Itwtoperiodism can bo defined as "the control of saw aspect in the 
life cycle by the timing of light .and darkness" (Hillman 1979 in 
Dring 1988). Iho critorion here is not the total amount of available 
light, but rather tha effects cf timing of the light in a twenty-four 
hour rycle. Uininr) 11981) . rgues that an inportant criterion in 
pinpointing tho presence of a fhotoporiodic itwponae is the effect of 
a 'nirjht-break*. A positive tvspontie to irterrupted night regimes 
uuch an those found in torphyra tOQfiXB Kjel lm. (Dring 1967) and LVVQiO 
fuacopurrea (Roth)C.Ag. (RiAmlaon 1970), duefq-wts that a pigr.ient 
similar to {hyVxhrune of hiqhar plants acts as a photoreceptor in
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alg'o. Hvjtop^riodic experiments an Aacophylljm nodosum (L) Ijb Jol 
(Toi ry ind Mt»s 1980), rrvw 1 cxi that a pigment with absorption in the 
blur region of tho spatrum, was responsible for a photoperiadle 
n  -sponss ,ind not phytochrane.

Dring (1084), f v.'avor, regards that 'night-breaks' should not b+ 
regaried as an bsolute diagnostic for photoperiodic responses. He 
bases his argument on the responses of floworinq plants, >vhcro night 
brcvtks are not always effective in cmverting a long-day regime into 
a short-day regime (Vinae-Prue 1983) and therefore there is no 
response to night breaks. He also argues that phytochruno does not 
:kw to the photor»opptor in algae and so we cannot use the 
definition of photoperiodism as used for higher plants. Rather there 
:*>ens to be a range of different types of photoper iodic mochanisns 
evident in algae. Ihe criteria then, used for establishing a 
photoperiodic response, should be tho observation of a difference in 
development of an algal species in lorq and short days under 
identical terperaturc .ind nutrient conditions. This would usually 
involve reproduction of one or both phases in a life history, but 
wgetative development r%»y also bo control InJ. This definition is 
tavourod in this thesis.

It is often very difficult to distinguish betwoen a response caused 
by light guantity tnd liqht period. An exanple of difficulty in 
determining which factor was illiciting the greater response Is 
illustrated in Lanirori# longlcruris de la Pyl (Byrne V Craigic 
1971). r«xual reproduction in this species was more prolific in a 
five hour day than in a twelve hour day, but brief interrupt ions of 
long da.k periods with red light, reduced sexuality to the level 
recorded in long-day conditions. A positive photoperiodic response 
w.ts detected in tho gametaphytes of Dreamrept ia (Nakahara Nakamura 
1971). Only vegetative growth was evident when grown in continuous 
light at 10"C, but one cycl* of 10L:14D. followed by a return to 
continuous light, induced fifteen percent of the brandies to become 
fertile ami fertility was increased by eighty-five percent altor four 
short day cycles (Nakahara & Hakamura 19?i).
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Inning (1081) and Dring (1084) also tound th.it a genuine 
fhotoper iodic response woa characteristic of a heteru,orphic life 
cycle. ttie n®t»t logical rxpi.uvit ion of the coincidence of
photoperiodium .ind heternmorphic life cycles nay be that one of the 
vo phases can only turviv© part of the year, so that tho initiation 
of this phase has to be very accurately timed. This was show 1 to be 
the cose in .in asexual species of MonoetTCItna arcticum shown to be 
non-photcperiodic in contrast to the hoternorphic species
v.rircyvillel ("friar.) Wittr. (Iuning 1980). While tho ecological 
significance of photoperiodic responses in hetcranorphic life 
histories is clear, more recently phctoperiodic regulation of the 
uionorphic life histo'-y °t * nunber of aigoe has been proven. Tliese 
include Gl« -cjhora kunthli (C.fcj. )J.tej. (Hoffman 1985); Durcntla 
stXqiXs 'Kietem i Brwnan 1982)? Giaarcina acicularij 
;will t.) lATuur. (Guiry & Cunningham 1984). In meet algae,
photoper iodic rtvponsns are restricted to the sporophyte generation; 
■jp to rx*. the m l  algae QigartiM aClVUlftfi» and HfiltUflSiJfiia 
'!»'• «ritroto ore the only species where photoperiodic control (vis boon 
nn'rtal for both generations (Guiry ir>84, Guiry & Cunningham 1084).

i. t. 4. Uatot cjjolity

light quality incident on algae changes with dof̂ th in the water 
ool m ,  causing th*. wavelength of light to be altered as it fusses 
through the water. In general, green light travels the shortest 
listanoe, blue light travels to a greater depth, and rod light 
travels tho furthest, the wavelength of incident light is relatively 
urotont, variation is introduced by tidal changes and seasonal 
t luctuatiotvi in water <lepth, although the latter is minimal.

ijgMiurv to wavelengths otiier than thooe normal ly found in tho field, 
ruy caiuie rorjihological and physiological changes, often associated
with tho . 'productive fh.»:ie.
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Irradiation for one minute with a high intensity of rod light in 
Tretoouxia was sufficient to induce a four-fold increase in spore 
production and the effects of red light could be reversed by 
subsequent exposure to the same energy of far-red light (Giles 
1970). There is at present no satisfactory alternative explanation 
for the antagonistic effect of red and far-red light in these algae, 
but the presence of phytochrone in tnese algae has yet to be 
conf irnrxi.

Blue light has a specific effect on reproduction in a number of 
species. Male gametophytes of Laminaria saocharina remained
vegetative indefinitely in red light, but twelve hours of irradiation 
with blue light was sufficient to induce egg production ten days 
later in 501 of the gamotcphytes (Inning & Dring 1972). There are 
also reports that blue light stimulates spore liberation in 
ftonoetra'B Thuret (Shihira 1958 in Dring 1988), Nttophvllum Greyville 
(f>igransky 1961) ajid Desrotnchum undulatum (J.Ag.)Reinke. (Lockhart. 
1982 in Dring 1988), and inhibits zooepore formation in Protosiphon 
botryoides Klobs (Durrant ei *1.1968)

1.6.5. jsrrcn&ure

Tcs-perature ha3 long been ragardad as the nujor factor controlling 
the geographic distribution of marine algae. Ttanperature may control 
distribution of algae in two wa-. \xtreme low or high temperatures 
may kill established plants or alternatively, prevent the 
repradixtion of adult plants and establishment of juveniles (Dring 
1984). The terporature limits for reproduction and for juvenile 
plants are usually rvwrower than thos> tolerated by adult plants, 
thus reproduction and establishment usually coincide with the most 
favourable conditions, while adult species must be able to withstand 
adverse conditions. This implies th«w if the distribution limits are 
determined by the trrperature in the most adverse season, it is the 
tolerance of the rviture plants which is critical, but if the limits 
appear to oorrelate with temperature in the most favourable season, 
the requirnmnnts tor reproduction and establishment are important.
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The physiological significance of the effects of terrperature on 
reproduction .ire difficult to assess and often some other aspect of 
the alga's ;net.\bol ism should be measured sinultanKM^ly to norrelate 
with reproductive activity. Tseng and Chang (1956) ckrxjnstrated that 
spore production in l^rphYTO tenera can be divided into at least 
throe phases: sporangium fonrat.ion, spore fornation and spore 
re lease, and that each phase has a different temperature opt L_. jit. 
Studies of spore production at different tenperatures are therefore 
liable to reveal only a ccwpranise between the optima tor several 
processes.

Temperature ray also have qualitative effects on reproduction. In 
species in which differe.it spore types are produced by the sane 
thallus, the temperature conditions may influence the type of spore 
which is fomed. For example, f*uller (1962,1963) has reported that 
Ectocarpus produaod unilocular sporangia at low temperatures (below 
10*C) and plurilocular sporangia above 13'C, whereas the situation 
appears to be reversed in Elachista tXiby (Kommann 1964).

Klebs (1896) shownd that sudden temperature charrjes could induce 
;-.pore forration and similar effects have recently been demonstrated 
in Derbcsia (:'.oars L Wilce 1970), Fucus Linnaeus (Abe 1970) and 
OWKinnij9CU* (Wrrnrr 1971). In Eorphyra tenera temperature increase 
resulted in docrtvised spore liberation, and vice %’ersa, the intensity 
of effect being roughly proportional to the severity of the 
trrperature change (Kurogi & Hirano 1956). Sane of the other 
fjboerved effects of sudden temperature c.'ianqes nay be attributable to 
their effects on an endogenous rhythm.

!here are few detail'd studies of the interaction of temperature with 
photon f’uence. b-tcx'arpus (Muller 1962) sporangial development was 
not influenced by light at 13'C or 19*C, but at 16‘C unilocular 
sporangia were tormd preferentially at. high photon fluence rates, 
while plurilocular sporangia were formed at low light energies.

Tho literature indicates th.it tho timing mechanism for photoperiodic 
responses trust bo tenperature oampertiatod in acme way, so that the 
critical day length i3 relatively constant at dilferent temperatures
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Ihis is because the effect of temperature appears to be exerted on 
the process that is under photoperiodic control and not on the 
photopieriodic control rrcchanism itself. The sensitivity of critical 
day length to tenperature hfa been examined in Glcartina acicularis. 
At 20'C, tetrasporogenesis appeared to be independent of day length, 
as the alga formed tetraspores in both 8 and 16 hour days. At 16’C 
however, there was a distinct short day response with a critical day 
length between 10 and 14 hours and the response to short days was 
inhibited by a night-break (Guiry 1°>84).

Ihe first and possibly, the most critical stage in the development of 
every independent phase in the life history o? an attached alga, is 
the germirwiticn of the spore .ind the attachment of the young plant to 
a substrate .n spite of the extensive research devoted to seed and 
spore germination in most other plants, the germm lion of algal 
spores has received very little attention.

While no studies could be found on germination In the Ectoca±pales in 
particular, the results available for other brown algal spores 
suggest that gcrmirntion is rapid under a wide range of conditions. 
Neither extreme terperature nc*. light conditions appeared to lower 
the percentage germirvition. The appaitsnt absence of the specific 
germination requirements, that are often associated with seeds, is 
perhaps to be expected when the smaller size and fewer food reserves, 
which could be used during a dormant period, are considered. Most 
spores produced by nvarine algae lack the resistant walls and low 
metabolic rates of spores and seeds of terrestrial plants and so are 
urvible to delay germlrwition until conditions are more favourable. It 
is anticipitcd, however, that environmental stresses will influence 
the further development of tho alga after germiration.

Although the environment has little influence on the rate of 
germination, both the pattern .ind direction of germination or 
polarity nuy be strongly modified by the environment, the polarity 
of developing ombryoe of Pucus and Helvetia Docaisne & Thuret have 
boon studied (Dring 1982) and while as nuny as fifteen physical,
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chemical and biological factors nay influence polarity, light is 
thought to be the moet inportant stimulus for a zygote on the shore.

Rip id attachment of spores is particularly inportant for species in 
the intertidal or upper subtidal zones that are subject to wave 
action. Studies on the Kucales have shown that spores become 
attached even before the first visible signs of a rhizoid emerging. 
In t\JCU8 (Dring 1982), unfertilized spores did not become attached to 
the substrate, while fertilized ones appeared to secrete a jelly 
identified as the polysaccharide fucoidan, at the point where the 
rhizoid was due to emerge.

An attachment material secreted after initial settling of zygotes in 
UiNa RXitabi.Il9 Feyn has been studied at the electron microscope level 
(BrJten 1975). Associated with the production of the adhesive 
polysaccharide is the formation of the cell wall. Evidence based on 
the difference in stainability to ruthenium red (Luft 1971) (which 
stains acid mucopolysaccharides) indicated that the anchoring 
material secrotod by young zygotes during the initial settling, is 
chemically different from the nuterial secreted by tl rtiizoid cells, 
and the two s-ubstances seem to have different origins within the 
cell. A continuous secretion of cementing material takes place as 
the rhiziod grows.
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III. AIM!' ! ’Ml I W H

IVised on tho literature survey, it appears that the stages in the 
Jevelofment .ind the structure of thallus and reproductive organs, 
is relatively Uniterm within tho order Ectocarpales. In this 
investigation, an attenpt was made to determine whether Feldmannla 
sp. conforms to the already described developmental stages and the 
structure of reproductive organs, as described for closely related 
species. While there is an increasing amount of research on members 
of the Ectocarpales, aspects of the life cycle of Feldmannia sp. have 
been dealt with only briefly in descriptions of Hamel (1939), 
Knooff ler-Kxjuy (1970) and Clayton (1974). Ho research has been 
conducted on the South-African species of Feldmannia and so it was 
felt that a detailed investigation of this species was justified.

It was hoped that tho species of the Feldnannia investigated would be 
determined. Sinae very little ground has been covered in the field 
of taxonomy in the South-Af rican filamentous brown species, the 
expertise of Clayton (pers cam.) and keys firm Australia (Clayton
1974), Horth America (Abbott & Hollenborg 1976) and Europe (Hamel 
1939) have been relied upon. The taxonomic aspect, however, was 
lntextied to form a very small part of the investigation.

It was intended that the investigation would concentrate on thallus 
ievelapment .vid .ispects of reproduction st the light and electron 
microscope level. This would include studies on stages from 
germination of zoocpores to the initiation of sporangia on adult 
filaments. In addition, the development, maturation and release of 
Zoosporaa was also studied. I'articular emphasis was placed on the 
latter at the electron micioscope level. Most of the detailed 
studios within tho Ectocarpales have focussed on the development of 
notile cells within tho sporangia (Knight 1929, Baker & Evans 1973, 
loiseaux 1973, lofthouse & Capon 1975, Markey i Wilce 1976, Toth 
1976b, � a Maire & West 1978, Clayton 1984 & 1936). These studies 
proved valuable in oorparison with similar stages in this spocies of 
r<?) frurvucu
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Since Ê Utrwinifl «P- wns not relocated in the field, it was inportant 
th.it the cnvironmcnt.il conditions moot favourable for growth and the 
environmental extremes that Feldmannia sp. could endure, be 
cstablinhod. this would provide further indication of its natural 
niche and <jeographical distribution. Since only plurilocular 
reproductive organs wero evident on stock cultures, it was hoped that 
variations in environmental conditions would induce unilocular 
reproductive organ forrution. In this way more .nfornution about the 
life cycle and ploidy of the species would be revealed. A charge in 
phase uruor a photoperiou treatment, would indicate a positive 
photoperiodic response.

An attsrpt was iMde at determining the influence of different 
envirorrwr.tal parameters on thallus growth of Feldmannia sp. and on 
the production of reproductive structures, ihe value of experiments 
where one environmental parameter is varied while all others rwnain 
constant is great, as with reproduction, a single stimulus may 
trigger a response. 1his response may take the form of inhibited or 
enhanced production of reproductive structures, a change in the 
reproductive phase or the triggering of motile cell release. 
Kxpermental design in this investigation enabled the role ot an 
individual stiim lus eg. temperature, photon fluence, light guality 
and photopcriod to br> pinpointed.

In «;;icnce then the following .ispects were investigated:
(i) tho taxonomic status of Feldnannia sp.,
(ii) the growth and development of the thallus and associated 

reproductive organs,
(iii) the development of motile cells within sporangia, at the 

transmission electron microscope level,
(iv) the environmental conditions that favour and inhibit jiwth and 

reproduction.
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i n .  MAru-iAi;; and metimpdb

3.1. H k' £j®etjj!»^l.jaiganiani

Itic alga unod tn this 1nvont19.it ion was iso la tod by Profousor R.E. 
Norris firm algal mtorial nol lmtnd from RorJcy Bay, Natal (Crid 
refennx! 10 30 CB, Figun* ft.). Hv? alga was isolated durinq part of 
a larger projoit on tho Bmthic Jiir.np Algae of Natal and tho 
catalogue rnnhrr MAT 3686 was assigned to it. Felctoannia op. was 
found cjrowinq epiphytically on Oodiaphyllum lkitalense Gray 
(Cryptonaniaorao, Wwtaphyta). Confirmation of tho gonus rwa 
Felcfcanma was mad* UBinq descriptions by Kamel (1939), 
Knorpf f l«r-pfcjuy *1970), Clayton (1974) and Abbott fc Hoilonborq 
(1976).

Hgur« *>.: Cud r^> qi :unjth Mrva.
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J.2. culture studies

3.2.1. tftock cuiturro

Stock cultures of FcldPtimi* f«p. wrre placed In Kepi 1-dishes 
containing nnrlched -\t water medium ind sub)octed to th« following 
environmental conditions: torperature 20'C, photon fluence rate 
‘){|Lif3n“*!a<v"*f photoperioo of 16 hours light alternating with 8 
hours of darkness. Stocks wore maintained by removing newly released 
germllrrjs .tnd placing them In fresh nwdinn. This subculturinq was 
conducted fortnlgi.tly. Stock algao wore used for experimental and 
microscopic studies.

3.2.2. Ciltura .TPdia

t'ClJrwnrUJ op. was cultured In * strength Provosoli enrichment medium 
(E.S.toUubs) (section 8 .1. in appendix) .•nd \ strength sell extract 
(aaction 8 .1. In tppertiix) In sterilized sea water (section 8.1. in 
trpenlix), rwre specifically 10ml of P.E.S. and Sml soil extract per 
litre of sterilize*! d m  water. TMo millllltreu of Gernwmum dioxide 
was *ddt«l to over, litre of medium when algae wore initially cultured 
to eliminate the growth of dlatxra. Go minium diixide interferes 
with silicon rwtabolism thereby Inhibiting silicon trustule 
fortttion. Hie salinity ot the nwdium using an V C  TO ref met cr» ter 
was laund to I** 30-35 0/00 and the pH in the range of 8,39.

3.3. Light microscopy

A Zeiss ourpuund photarucresunpe, with bright field, Ncrurski and
l*iaae-cnntn»st optics .tnd a Zeiss .tnd Olynpus invertod
photamicresonpe. wen* used during the light microscope studies. 
Ihece Inclulcd observations on stages In the development of the life
cycle, mrsinuremrnt of filament sizes and to check on aloal 
oontamlnants If present
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.‘Specimens were photographed with tho Zeiss uatpnund airi inverted 
microscopes using either black and white Agfapan Professional film 
(?5 ASA) or Kodaohramo colour film (100 ASA). Specimens were videod 
on tho Zeiss impound microscope with an Hitachi video attachment.

A combination of exciter filter, harrie- filter and dichroic mirrjr 
wore attectwd to the Zeiss photomicroscope to observe 'luorosaence in 
algal fii.rents treated with the optical briqhtnor Calcofluor White 
M2R, viz. exciter filter II (which transmits In the 390 - 4?0rm 
violet range of the spectrum), barrier filter IJM50 (which transmits 
wavelengths of light above SOOrm and protects the eyes) and dichrnic 
mirror F74I!l. The arrangement of these three filters is illustrated 
in Figure 7. Tho dichrioc filter or chromatic beam splitter is able 
to refl«ct certsir spectral ranges, v̂ iile others can be corpletely 
tra'wmittod. It»e barrier filter always had the highest wavelength to 
block out harmful light. Here 100 ASA aolour film or 400 ASA black 
and white film were used to take photoqmphs, since a slow film was 
necessary to increase the exposure time due to the small amounts of 
lif*it emittad fran the stained algae.

f ig u r e  L» • rtw «ra»wjm pht o L  t i l t c r s  attA in td  .ta_ o ^ j^ c e u c r s e c c w

uaol in fluQrosoanm nuvruocoEy.
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3.3.1. Bunina

Vrw of ivrlodic arid Schiff's stain (O'Brien & Mccully 1981) 
procedure ‘Jtowb the prrocnue of starch And M m  polysaccharides of 
evil wiills by staining tissue rod or nwgenta. Calloee and oellulooc 
are not stained, while, phenolico will stain rod.

Sections, approxinwtely 1 to 2um t-iick, of Spurrs embedded material 
of Feidrwinia np. wore cut, using qlass .ind diamond knives. Ihe 
sections were placed in a drop of water on a qlass slide, stretched 
•wid dricxl at low h*vit.

PrcxTodure:
OeOi was taker. out of ."Jpurr's sections by soaking sections for 
30 minutes in a 1% sodium metaperiodate solution. Since the tissue 
was fixed in an aldehyde, there was a chance that the :issue elements 
would display a general background stain, in addition to the desired 
specific staininq (O'Brien i MtOilly, 1981), so a blocking agent was 
used to avoid this. Slidus were left in a saturated solution of HNWI 
in 15% acetic acid, in water for 30 minutes. Oaipletenoss of the 
blockade was established if a treated, rinsed slide was transferred 
to a Schiff's ioagent bath (Section 8.3. in appendix) and no rod or 
purple staining occurred, ftie blockade was followed by a rinse in 
running water for 10 minutes. Th# slides wore placed in a II 
periodic acid solution for 20 minutes, washed for 5 minutes, and then 
placed in Stiff's reagent for 1 hour.
A transfer through 3 sweessivo baths for ? minutes each of 0,5% 
uortiisr. metabisulfite in a 1.l dilution of concentrated HCL followod. 
Slides wore then washed in i-nning water for 10 minutes, dried, and 
-minted in DPX and covered with a covers lip.

3.3.2 . lA'tflrrmim the novw«nS_Ql dxt aaaanjl'iLwiIl

ttiture, aporangia-bsarinq filaments of Fclifrunnifl «P- wero placed in 
a dcpreosion slido in modiu». A few drops of 1% Toluidins blue in (41 
buffer 4.4 woro .iddcd to the medium .inti tho filaments wore placed 
into fresh modiuni alter 10 minutes. The filaments were then mounted
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cxi slides and covered with a covers 1 ip ind viewed under the Zeiss 
..•orpour*. microscope

3.3.3. CflAvX'I liK?t «?B

This stain binds to cellulose in tv.• oell wall, but is excluded frun 
the cytoplasm. ftw stain fluorosne** 1 iqht blue when obseived under 
violet liqht and unstained areas, tot aŷi.’rple areas of now qrrwth, do
not fluoresce.

Filaments uvre submerged in a 0,01% aqueous solution of Caloofluor 
White M2R (Section 8.4 in appendix), nwde up in a S res qrc*rth medium 
for 20 minutes. Following staining, filaments were washed in 
filtered sterilized sea water for 1 minute. Ifta filaments were then 
returned to their culture dishes containing nonral growth medium and 
left to continue growing.

Motiles released from sporangia, were left unstained, placed on a 
slido and covered with a cover slip. Ihe slide was then observed 
under tho Zeiss photanicroecope with fluorescence attachments 
emitting violet liqht, in an attenpt to determine whether 
epi-fluorescence or autofluoresenoe occurred.

3.3.4. AtLtfltflOCTt prct crcnccs Pi JIBtAlSS

Various surf ace typos ar*l stupes ot algae, shell and driftwood were 
used to establish whetlior or not Feldmannia sp. motiles had any 
substrate preterence tor attachment. i)\e alqae used included: 
SfitetSflU micarienais (ttiyllaphoracoae, Khodcphyta)- a hiqhly 
branched, fil.unentous form; Iterocladia loalossoldes (Gelidiales, 
Khodcphyta)- a fino filamentous f o n Oiaetcmorpha crassa 
(C.Aqardh)Kuetzinq (Cl.Klophoi l̂es, CJUorcphyta) - a tufted form; 
Crvptonrua luturi.ms (Cryptonemiales, Hhodophyta)-a dimorphic blade 
ind tine filamentous form; Hotryocladla madagascamns is Feldmann 
(Rhodymoniacxww, Rhadophyt*i)-a swollen blade like form; and 
F'ttlJnanal'J SP -. iTiese taqeUior with a shell and a piece of driftwood
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were placed in an evnporat inq dish with S PES anti \ soil extract In 
sea water. Bdl ovapor.itinq dish was Inoculated with a large number 
of notilos. Ihe experiment was done in duplicate.

J • •> • rr3nBi'iaaign_«l»r -ron jaicrosen ra

Fil.imarta of feldnannla sp. possessing various stages of development 
of reproductive tvriios wore processed for electron microscopy. In an 
ittrrft to obtain a ranqe of the stages involved, filaments from the
3.mn acja stocks, were in acne instances, embedded daily for 3 days.

rhoro are essentially six steps involved before an adequate electron
nu-rograph is obtained:

'Yirwry fixation. 
l*wt fixation.

11  tmhydration.
4) fi-bedding and polymerization.
•>) rrinning .ind sectioning.
*>) Stan r).
7) Viewing.

!Yio ihcanicals involved in steps 1-4 are highly toxic and must b*> used 
in a Turn hood.

1) lTirvi~y f ixation

Ihis step im involved in fixing and stabilizing the proteins.
Ihree fixation procedures, represented as a) Pienaar (1980),b)
Clayton (l*>r ) ,md c) Oliveira .ind nisalputra (1973), were initially 
followed to obtain the best possible fixation procedure. While the 
prooodurs rcr all 1 methods will be given in detail, the method of 
t’iwnaar (1980) was eventually used for all electron microscopy. 
Clusters of filaments of Feldnwinn. > sp. .ind other Ectocarpalean 
[ncies were placed into different conoentrations of glutoraldehyde 
Election 8.2. in appundix) nude v» in S M  water or cacodylato buffer 
(.Action 8.2. in appendix) with caffeine or sucrose.
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Ttte procodiue for wJcirq up the fixatives and the recipes of the 
constituents i tlinoJ in the appendix (Section 8.2.).

2) ftst LUSaU O U

Ait r fixation in glutaraldnhyde the alga was washed for 10 minutes 
either in sea water, sodium caoodylate buifer, or sodium cacodylate 
buffer in a araded scries of sucrose (Section 8.2. in appendix). The 
-•ashed twterial was then post-fixed in 2% Osmium tetroxide (0s04) 
(Section 8.2. in appendix) for one to two hours at room temperature.

TTte washed material was oost-fixtd in 2% Osmium tetroxide (OsÔ )
for:
a)t c) 1 hoir
b) 2 ht.-̂ »

3) .

r» <’ t tf.*? mrr- ial was by way of a graded ethanol series:
t 10% z.f.«XL. '>thanol for 10 minutes
<i. 2 )% "

IV. VO* "
'. S0» "

90%
vi:. 100% " for 20 ir.inut.as (x2).

*» BabBdlira JTKl :olvmari?V &

lY.a material w. .» nj" <jia;-ally l.tipregnated with lew viscosity Spurrs 
resin (Spurr 1969) (',«ection 8.2. in appendix) by increasing the 
concentration of the r *..ri Sect:<n 8.2. in appendix).

The algal fi lamm.ts -A re arranged in the Spurrs resin at tne bottcm 
of aiun.i-i's. umbt-Jding Wishes. Fi t UMPta were lico placed on a slide 
in .cyriti ci overed with a cover ?. p to make penwwnt slides of
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each erbodding procedure. Hiese dishes and slides ware placed in an 
oven and polynerised at 70*C for 15 hours. Silica gel was always 
present in the oven to absorb any moisture that might slew dewn and 
affect polymerisation.

Filaments bearing sporangia were first observed under a ccxpourri 
mienxoope, cut frcn the pol'/merlsed resin blocks and glued onto 
resin stubs with araldite adhesive. G1 ass knives used for both 
triming and sectioning were .nade on an l*B <cvifemaker. Sectioning 
was oonducted on a Reidiert-Jung Ultracut E microtome using both 
glass .and diamond knives. Monitor sections were made to determine 
whether sectioning of the Spurr's block was through the sporangium 
and not just through the resin. After truiming, the stubs were 
returned to the oven overnight. Sect.'^ra obtained were floated on 
water, expanded with chlorofor> and only silver and gold sections 
were picked up on 300 mesh ocpper r. .'.port grids.

6) Staining

To u p  rove the contrast of the ultra thin sections, positive staining 
with heavy metals was carr.ed out. Drops of stain were pipetted onto 
para film on dental wax in a Petri dish, on which the grids were 
placed section side down. TVro stains were used:
21 agueous uranyl acetate (Reynolds 1963)(Section 8.2. in appendix) 
for 12 minutes and lead citrate (Reynolds 1963) (Section 8.2. in 
appendix) for 12 minutes. Sections were washed with distilled water 
betvw n  stains and after staining. Tt» Petri-dish was covered to 
eliminate light, when iiranyl aoetzte was used, And sodium hydroxide 
pellets were auded when lead citrate was being used to remove carbon 
dioxide.

7) Viewing

Sections were vlived on either the in os  or 100C Jeol transmission 
electron microscope, operating at 80 KV. Hie spot size was 
occasionally adjusted to prevent break-up of very thin sections.
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Embedding urrxcdure for motilos

The procedure for embedding not lies released from piurilocular 
sporangia is different to that for the intact filaments, due to the 
rotiles srrttll size. Only tixaee procedures different to those listed 
for the filaments, will be described.

1) I;xation

Zoospores of Fcldmanma were micropipettud frrm the medium just after 
they «*re released fran the sporangia. 9,5ml of culture medium 
containing zoospores was auried to 0,5ml of 25% gluteraldenyde in a 
tapered centrifuge tube and thoroughly mixed. The fixation time 
ranged from 1 to 8 nours at room torperature (20‘0 .

After fixation the gluteraldehyde solution containing fixed motiles 
was centrifuged for 5 minutes at a low speeu and 10 minutes at a high 
speed to concentrate the cells into a («llet. The material was given 
3 washes in sterile sea water for 10 minutes each taking care not to
rtssurperd the pellet.

2) Haitian

The pellet was post-fixed in a 2% 0s04 solution in sea water for 1 
hour at roan tarperature. The pellet was resusperded in the 0e04 
solution to ensure a uniform post fixation.
After 1 hour a f w  ml of sea water was added and the solution plus 
cells was again oentrifuood. The material was washed three times in 
sterile sea water.

3) Migration

The same procedure was used as outlined for intact algal filaments.

4) K-JxOdim ̂ nsL PclyrariaaUaD
The iruterial was gradually uipreqnated with Spurn, resin (Section
8.3.1. in afpendix).
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TTie pellet in the 1001 f^urrs was placed in aluminium embedding 
..lahes ard polymerised at 70'C for 8 to 10 hours.
Trinminq and sectioning of polymerised blocks and staining and 
vitving of sections followed the sane procedure as that of the
filaments.

3.4.1. Negative staining

Filaments bearing nature plurilocular sporangia were placed in 
hanging drop slides and flooded with fresh medium. C*ioe mot lies had 
been released, the filaments ware ronoved from the slide leaving a 
farall amount of medium containing motile* behind. Using a syringe 
sens of thifc liquid was sucked up and drops placed on formvar coated 
grids. rtv«e grids, plus the oel suspension, were then ostiicated for 
30 seconds. grids were trven allowed to dry on the lamina- flow
bench for ipproxu&itely 20 minutes. Distilled water was then placed 
on the grids to dissolve the salt crystals. TT» water was drawn off 
with dental absorbent ♦ ine points. Grids were washed J times and 
allowed to dry.

Preparations were stained for 20 minutes using pre-filtered, II 
aqueous uranyl acetate. Onn again the grids v**re washed 3 turns 
with distilled water .tnd the excess niter drawn off using a der.tal 
abecrbent fine point. Grids ubtb vi««d on the 100S Jeol 
transmission electron microscope at 80 KV.

3.5. qrvtnning olwtmn rUCTOBOOPy.

l) Fixation;

Zoospores were allowed to settle on glass cover slips in mtdia and 
placed in 1 part €% gluteraldehyds to 9 parts sterile sea water 
solution in a Petri-dish to naintain the correct orientation. M l  
the material was fixed for 24 hours at rocm tenperaturs.

43



Author  Duff Sandra 

Name of thesis Ultrastructural And Experimental Studies On The Development Of Feldmannia Sp. (ectocarpales, 

Phaeophyceae).  1989 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 




