ULTRASTRUCTURAL AND EXPERIMENTAIL STUDIES ON THE DEVELOPMENT
OF FELIMANNIA SP. (OCTOCARPALES, PHABOPHYCEAE) .

Sandra Duff

Degree avarded with distinctiun 13 Decembar 19895

A Dissertation submitted to the Facilty of Science,
University of the Witwatersrand, Johannesburg,
for the degree of Master of Science.

Johannesburg 1989,



VOLUME I



VOLIME 1

|
|
| —
CONTENTS

ACKNOWLEDGEMENTS

DECTARATION

ABRSTRACT

I. INTROOUCTION: ccovvcsncosnvavncnsns tesesatssesaesssensassasssssnnansl

+JITERATURE REVIEW . ccconnorersoosnssessraseensososesssansessosassd
1.1. Division PhaeophyRA. cccosctesssssesssasssasssnsesacaned
1.3, Gerus Feldmannis HAMBl. ccccscevencosenesonvassnssnseesd
1.4. The taxonamy of the ECtOCArpalesS......cccivessvscscscseh
1.5, Reproduction in the Ectocarpales....cccceeevessesssessd
1.5.1, Omarnelle functioning at the ultrastructural
l@VBl. ivoesnvescnssssessnssntctsssecsesenienseelb
1.5.2. Ormganelle fine structure as a taxonomic tool.....19
1.5.3. The concept of S@AMLitY..cccsecersensasecsenvanisdl
1.6, Environmental control of reproduction...cseseisccsese 22
LuBle TR GLAMBE 1x o v w00 win w05 w0000 5 50 nin 4 a1 0 40w w70 o 453 ¢ R
1.6.2. Photon fluBNOB.:.cevsesstssesetnsscsscssascssseecdd
1.6,3. Photopariod. cesssecssscennssssesnsenonessssnensedS
L. 8.8, LIGhE QUALIEY . oerisise s nivininia'sais wiiwiniss sinie sivibis cnin e s @
1.6.5, TEOmMParatur®..cccosssssecsssststscssnesessenssansecdl
1.7. Germination and attachment Of SPOreS.....ccecvevsenaead0

II. AIMS OF THE PROJECT. . covvnnannes Cessesessessrrssnennrsssssanedd
IIT1. MATERIALS AND METHODS........ B T R J I SN L |

J.1. The experimental OrganififM..cccscescssnscsscsssassessdd
J.d, Qultur~ studleS...ccsevnscetrssnssssnsnnsesssonosnsesIS



rer

AV

3.

]

-

Pages
1. BLOOR CULOUESE: s 5060 2556800505760 ¥ad oausinesisndy

3:2:ds OXIONS BORLE: o 50065 on 015500 0:550:0 5 905 078 Bod 508 216 139
P
3.J.1. Staining CechnNiGIES. .ccooosssssrnasossscossesssI?

3.

3.

-

6,

6,

LIGht MICTOBOOPN « oo oo s 5o v ais s snvos alaseiovossonaissaseaIS

2. Determining the movement of dye through the
aporangial WRll.issscecccsiiiaasnsssenncincanes 37

«J. Calcofluor White MIR....csvesessscsscesiscansasIB
.4. Attachment preferences of motiles..............38

Tranmnission electron MmicCrosooPy..cvseeceescscscnassdd9

el Nogative SCAINAIES..ccovssvessssroonsssoerses el

Scanning electron MiCroSOOPY . «ccotsessssesrresnesssedd
Eperiments to determine the influence of

terperature, photoperiod, photon fluence and light
quality on the growth and development of Feldmannia

Y ¥ |

1. Photoperiod..csceeasees secescssssvsssssnossssesdb
+2. Terperature........ ssssssessesssisssssnssssssecd?

3. Photon flUBN0OB. 1 cccosanssnsnaces seannconsssssndB
4. Light QBLICY . .cocrsssvcnosssnsssnnsanvassansoecdB

RESULTS cecosvvtsnnsnsnsscncesannes tetsesssssssrsssssenssssssnsesd0
4.1.

I R

Pt e et i e

Light microscope cbeervations.....cccsesescissecesss50

¢l. Growth of CULtUrEB. c e .socssssnscasnsannessioneeneSd
2. Tlevelopment and reproductive differentiation....52
.3, Determination of regions of cell elongation.....54
.4, Staining of carbohydimte in sporangia...........56
.5, Determining the movement of dye through the

sporangial wall....... sessisesriveneraniascaides IO
Electron microscope cbservations......ecevevevnes e5:56

1. Ultrastructure of the vegetative thallus........56
«2. The ultrastructure of zoospore production.......58
«J. The ultrastructure of the zOOSPOreS.... «s...0..63

Experiments to determine th. influence of
tamperature, photoperiod, photin fluence and 1ight
quality on the growth und development of Feldmannia

DS 4% 5.4 5 00w K08 B 500 6180 50 X 07§ 508 WA ¥ B M B RS pE SSHAAE 50D

4.3.1. Ihotoperiod.cccicsssscssssssssssssessssssansess66



Pages

453:.3, FHROUDIY TIUMODE. o6 o0 bin « 66 sinia ain 0:0.5 666 650 & &7 & étn v.6.6 10
§e3eds Light QMLALY ¢ cvsneincrnsansrnonsvsinossaessnveetd

V. DEIBCEISEDONG s 0 565 566 shsaw 0t dn ns s onesnssess s ons s sy sseves IS
5.1. The life hist.ry of Feidmannid SP. «ccveveecevsceeds?8
5.2, Taxonamic considerations..........ciceeeeeessessnsees?6
5.3. The ultrastructure of vegetative regions............80
5.4. The develoggment of sporangia and motile cell
5.5, Ultrastructural observations.....ccocevevsvssscsseas 83
5.6. The Golgi and associated organelles.................%4
5.7 Call wvall formation..cieesicresisnvunensssassnsiessc8S
5.8. The structure and formation of the flagella.........87
5.9. Zoospore fing StIUCCUI®.cccecccscnssncsscsosscsiose PO
5.10. The influence of temperature, photoperiod, photon

fluence and light quality on growth and development
of FALARANLE WP s cvninvis s sesadainangieasis e D8

.-'lo ml-‘slm.'.0ll!ll.I‘I..lll..l..l.l"‘.....‘.l.l.....il'l...‘.loo

VII. REFERENCES...... teesesestseenesttsesnssssssssansessessnsnssseselOd

VIIT.APPENDIX ococossncnacscsscsancosncasscsenssssnsasacssssassnsseclld

VOUME 11

PLATES AND EXPIANATIONS TO PLATES...cevteenenssrssssnsssnsssssall9



I would like to thank the following:

Professor R.N.Pienaar of the Department of Botany, WITS for his

support ive supervision and gquidance throughout the preparation of
the thesis,

Members of staff and post graduates of the Department of Dotany
who gave the.r help so wili'ryly,

Alisoun Young, Monica Birkhead, and Jane Joughin for their moral
support and encouragement for which I am parcicularly grateful,

Stuart Sym and Dr Alan Critchley, for their advice on the content
of the thesis,

The CSIR and University of the Witwatersrand for granting
bursaries enabling me to oamplete this research,

and finally to my parents, sister and Terry to wham this work is
dedicated.



I would like to thank the following:

Professor R.N.Pienaar of the Department of Botany, WITS for his

supportive supervision and guidance throughout the preparation of
the thesis,

Membors of staff and post graduates of the Department of Botany
«ho gave their help so willingly,

Alisoun Young, Monica Birkhead, and Jane Joughin for their moral
support and encouragement for which I am particularly grateful,

Stuart Sym and Dr AL “ritchley, for their advice on the content
of the thesis,

The CSIR and University of the Witwatersrand for Jranting
bursaries enabl ing me to camplete this research,

and finally to my parents, sister and Terry to whom thi.o work is
dedicated.



I declare that this dissertation is my own, unaided work. It is
boin, submitted for the degree of Master of Science in the University
of the Witwatersrand, Johannestury. It has not been submitted before
for any degree or examination in any University.



Feldmannia sp., a smwll filamentous member of the Ectocarpales, was
isolated fram Rocky Bay, Natal. The morphology and development of
the thallus under controlled conditions has been described.

Use was made of both optical and electron microscopy, In an
investigation of the development of plurilocular sporangia, the
development of motile cells, their release and the subsequent
development of the sporelings into mature reproductive plants.

Ultrastructural studies on plurilocular sporangia have revealed
stages in development of the motile oells. Pronounced changes
socurred  just prior to motile release, where the cytoplasm pulls away
from the cell wall and flagella and intraplastidial eyespots become
apparent. Fossible stages in locule cell wall formation were also
observed, localication of growth regions has been made by treating
growing filaments with the optical brightener Calcoflucr Whita M2R.

The influence of photoperiocd, photon fluence, light quality and
terparature on changes in mean cell numbers and the onset of a
reprofuctive phase has also been examined. Extreme conditions
inhibit growth. The following growth parameters have been found to
promote growth and reproduction. FPhotoperiods of 12L:)2D, 16L:8D,
and  14L:]0D, photon fluences of 85 to 1l14uBn ‘sec”), and
terperatures rarnging from 20-30°C proved to be conducive to good
growth. Blue and green light was found to enhance growth.

At no stage were any unilocular sporangia, usually associated with

the sporophyte generation, produced, which may indicate that the
original stock may be a game < shyte.



I, INIROOUCTION

e hacophyta are a larmge group of algae, constituting a high
porcentage  of  the total marine flora, particularly in the northern
hemisphere. They oocupy a diversity of niches and associated with
this, a wide ramnge of thallus forms. The range of forms includes the
large  kelps, which may reach 70 metres in length (e.qg. laminaria sp.
lamouroux), to the smaller encrusting forms (e.g. Ralfsia sp.
forkeley), which may be as small as a millimetre. Other forms
include the fine, fllamentous forms (e.g. Ectocarpus sp. Lyngbye).
Sore members may be epiphytic (e.g. Streblonema sp. Derbes et
Solier), Wwhile most are free living, often attached firmly to the
substrate by elaborate holdfast systems. Cammon to all brown algae
s the presence of the pigments xanthophyll, fucoxanthin and
viclaxanthin, which ,ives them their characteristic colouring.

Mere are a ramge of life histories in the brown algae. More is
known about the life histories of the larger, more common members
such  as the laminariales and Fucales, since more research has been
conducted  on these orders. Central to understanding the life history

in the algae, 1s a knowledge of the stages of devel throughout
the life of the @2lgae, urder the full ‘ironmental
onditions to which the algae are naturally . . Knowledge of

the developmental stages of an alga imolves cbservations on the
establishrent and germination of spores\gametes, mode of growth and
tranching of the vegetative thallus, stages ir the development of
reprafuct ive  structures and the mechanism of release of motile
cells. Farly studies on life histories (e.qg. ECtocarpus siliculosus
Dillw,, FEnight 1929) relied on cbservations of developmental stages
at the light microscope level. hese studies have now been
‘emented wWith te advent of the electron microscope, resulting in
a tter understanding of our Xrowleldge of the ultrastructure of
reprofuct ive  structures. Ultimate'y, Jetermination of the life
history strategy often provides an  indication of the evolutionary
status of the alga within a genus.

In this investigation Feldmannia o . filamentous member of the



Fctocarpales, has been studied, Emphasis has been placed on the
development and ultrastructure of reproductive structures, as well as
the influence of different environmental factors on growth ard
roproduct ion of the species.

1o LITERATVRE REVIEW

1.1. Division Phaecphyta

The approximately 1500 species belonging to 250 genera recognised in
this division arn larily marine, traditionally cocupyirg a position
along  the shore sarewhern bhetween the Chlorophyta ard Rhodophyta.
Maracteristically the Phaecphyta are brown, tut this is not always a
reliable taxonomic feature. More reliable taxonomic criteria require
the use of the light microecope, chamical anulysis using
c.octrophoresis, and  in saw cases the tranmmission electron
nicroscrpe. These include:
< the pigments chlorophyll a and ¢, A carctene, violaxanthin and
fucoxanthin (Bold & Wwynne 1978),
= the storage product laminarin (Bold & Wwynne 1978),
= coll walls corprising an inner cellulosic layer and an outer
slimy layer, both walls containing alginic acid (Clayton & King
1981),
= pyrenolds which are often associated with a sheath of polysacc-
aride reserves and are often of the stalked variety (Boid &
Wynne 1978),
= chloroplasts containing thylakoids in groups of threes,
girdle lamellae and a jeooptore or INA zone beneath the girdle
lamellae are present (Clayton & King 1981),
= gametes or asexual zoospores are asymmetrical, often reniform in
shape and possess dimorphic, laterally or sub-apically inserted
tlagella., The lomg propelling front flagellum Jears
mastigonemes whilst the posterior flagellum is smooth (Bold &

Wynne 1978),

Life histories in the Mhaeophyta range from the simple diploid
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haploblontic  to the diploid diplabiontic type. In the more
‘primitive’ orders sexual reprrduction  involves isojamy or
anisogamy . The rmore ‘advanced’ orders have cogamous reproduction
and  produce  well defined antheridia and oogonia (Table 1.).
Traditiomally, the order Ectocarpales, having an iscamorphic life
history, was considered to have been the ancestor of other orders
(Fritsh 1945, Papenfuss 195) i{n Clayton 1988), More recently
evidence has Lbeen put forward to suggest that marine, benthic
(hrysophytes, probebly parenchymatous in form, may have been the
ancestors of the brown algae (O’Kelly & Floyd 1985). Clayton (1988)
ouggests  that the possibility of an ancestor having a heteromorphic
life history is not out of the question.

The Mueophyta have many different modes cf asecual reproduction.
Guetophyte and smporophyte generations of nany species reproduce by
maans of asexual zoospores and vegetative multiplication by
fragrentat.cn, special propagules and basal parts of thalli, growing
out to produce new fromds.,

lable 1.: Charac
(Taken from Clayton & King 1981).

SEXUAL REFROUCTION= TSOGAMOUS OR ANTSOGAMOUS ; GAMETAMGIA-
PURILOCULAR; GENFRATIONS 150~ OR HETEROMORHIC

Primary sites of cell division leading to growth:

, %npglgz Order .
- intercalary, or apical; 1. ICTOCARPALES |

= localised at the base of apical hair-like

filaments: 2 . CUTLERIALES
= prominent apical cell. 1. SPHACELARIALES
l SEXUAL REFROIUCTION= OOCGAMOUS; GAMETANGIA= ANTHERIDIA AND OOGONIA
L_Pr sites of cell div :
- loca at the base of apica r-l
| filaments; generations heteromorphic; 4. DESMARESTIALES

| = intercalary or apical meristematic regions,
| and moristoderm; generations heteromorphic: | 5.LAMINARIALES
= apical cells and/or adjacent tissue
(except Durvilleae). Antheridia and cogonia
borne on the thallus surface, generations
isomorphic: 6. DICTYOTALES
Antheridia and ccoonia in conceptacles,
gametophyte generation only. 7. FUCALES




1.2. Owder E tocarpales

This most primitive of the orders of the brown algae (Fritsch 1945)
is commonly filamentous and is characterised by its simpl ‘regetative
form and reproductive structures. Classification ot far’'ies, genera
and species is based on morphological and anatomical features, e.qg.

- relative dominance of the prostrate and erect filament systems,

- the presence of hairs and pseudchairs,

- the presence of ascocysts or paraphyses,

- the shape of plastids,

- the shape of plurilocular sporangia and size of the loculi,

- whether or not the plurispores are of one type,
diffuse growth meristems, which may be apical or intercalary.

The life history in the Ectocarpales theoretically involves an
altermation of a haploid gametophyte and diploid sporophyte (Fiqure
1.). Miller (1975) has shown that modifications to the typical life
cycle (Figure 1.) are evident and that gametophytes could be uaploid
and  sporophytes could be haploid, diploid or triploid. The
gametophyte and sporophyte are to some degree heteromorphic,
depending on the combination of unilocular and pluriloa
reproduct ive structures between generations.

PARTHENOGENES1S -
»GametophyteTh) » Gametangium (plurilocular) —— s Gametes
t.ophyt%(n) - Gametangium(plurilocular) = Game

Zoospores «@——-—— Unilocular sporangium <= Sporophyte
A
(2n)

7~

e

Plurilocular sp’orami\nn

\\
Zoospores

Figqure 1,: The life cycle of Ectocarpus siliculosus (Dillw)
Lyngbye (Bold & Wynne 1978)



I+ some members of the Fctocarpales only the sporophyte generation
has been observed (Pedersen 1974, Clayton 1984). Muller (1962 &

1963) found that a plurilocular sporangia-bearing Ectocarpus Lyngbye
placed in temperitures below 14°C, produced unilocular sporangia,
while, 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 inapility of plurilocular
sporangia-bearing plants to produce unilocdar gsporangia when
subjected to a range of envirommental conditions. For example,
Sorocarpus micromorus (Bory) Silva (Federsen 1974) was cultured under
varying photon fluences, temperatures and photoperiods and none of
the co ditions produced plants with unilocular sporangia. St.udies on
two clones of Myriotrichia clavaeformis Harvey (Pedcrsen 1978)
revealed that the clone with only plurilocular sporangia never formed
unilocular sporangia, although cultivated under the same conditions
which gave abundant unilocular sporangia in the other clone.

1.3. Genus Feldmannia Hamel

Feldmannia was 1tirst described by Hamel (1939) and named after the
French phycologist Jean Feldmann. Ravanko (1970) did not recognise
this genus. She regarded it as a stage in the development of other
genera within the Ectocarpales, which have diverged morphologically
due to environmental conditions. This ‘variant theory’ was
challemged by Clayton (1972), who argued that divergent morphologies
ocbserved in members of the Ectocarpales was the result of
contaminants, which in nature grow in close association with species
of the Ectocarpales.

Feldmannia is now accepted as a valid genus by Clayton (1974), Abbott
and Hollenberg (1976) and others and there is general agreement on
the following morphological characteristics used to identify the
genus;
(1) large degree of branching near the base, producing a tufted
appearance ;
(ii) meristematic regions occurring near the base and occasionally
secondary and tertiary zones at distal ends of filaments;



(1i1) usually epiphytic but whose base may become endophytic as in
the case of Feldmannia padinae (Buffh) Hamel:;

(iv) plastids of lower cells are discoid to rod-shaped, but more
elongated and rectanqular in upper cells:

(v)  plurilocular sporangia frequently stalked, occasionally
sessile and mostly ooccurring below the meristem.

There is some disagreement in the thallus features put forward .y
Abbott and Hollenberg (1976) and Clayton & King (1981). Abbott and
mlienberg (1976) propose that sterile, hair-like, filaments are
usually present in members of this genus, while Clayton & King (1981)
attributes this feature to the genus Ectocarpus.

Vegetative reproduction by fragmentation has not been observed,
however, occasionally stolon-like filaments are formed which may give
rise ‘o new plants.

1.4. The taxonomy of the Order Ectocarpales

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

The Ectocarpales .are originally divided into a large number of
families, first oy Thuret (in Le Jolis 1864), then by Kjellman (1872
in Hamel 1939), however, the filamentous Phaeophyta did not as yet
have individual taxonomic status. The family Ectocarpaceae was
erected by Oltmanns (1904 in Clayton 1974) and comprised all brown
algae producing unilocular and plurilocular sporangia. The order
Ectocarpales  was recognised independently by Oltmanns (1922 in
Clayton 1974) and Setchell and Gardner (1922 in Clayton 1974). Kylin
(1933 in Clayton 1974) proposed that the Ectocarpales contain only
those species which were entirely filamentous and he removed all



the pseudoparenchymatous forms to the Dictyosiphonales. Since there
are speies norphologically intermediate in form in the Ectocarpales,
hordariales, Scytosiphonales, and Dictyosiphonales, a complete
acceptance of the filamentous nature as characteristic cof the
Fctocarpales, ras not been achieved.

Russell (1964) suggested that life histories could be used as a
taxoncmic characteristic to clarify the status of these forms which
are intermediate between the [Ectocarpales, Scytosiphonales,
Chordariales and Dictyosiphonales. His need for review of the
existing ordinal status was fuelled by discoveries that some species
of Scytosiphonales are linked, by life history, to ancrusting members
of the Ectocarpales Streblonema anaw lum Setchall & Gardner was
shown to have an altermative existence as a species of Scytosiphon
C.Agardh.  (loiseaux 1973). However, due to the variability in the
life histories cof these algae, the use of life histories as a
taxonomic criterion seems unreliable (Clayton, 1984).

Classification of the orders within the Phaeophyta, presently relies
n anatomical features of the thallus. The uniformity of chloroplast
ultrastructure, as found by Evans (1966, 1968 in Clayton 1987), Hori
(1971, 1972 in Clayton 1987),and Asensi gt al. (1977 in Clayton 1987,
has heen put forward as a potential taxonomic tocol. Many species,
hawever, have not yet been investigated and studies on Scytothamnu
australis (J.Agardh) Hooker & Harvey and §.fasciculatus Hooker .
Harvey (Clayton 1986) have revealed changes in chloroplast morphology
during sporogenesis. This stresses the need for caution in using
chloroplast ultrastructure in the taxonamy of brown algae.

lite  histories in some orders e.g. Fucales, Sporochnales and
laminariales are so uniform that they have became a useful taxonomic
character (Clayton 1980). uJUse of life histories in classification of
other orders is less accurate, since often this is based on limited
experimental studies and making assumpticns e.q. that the possession
of uni'ccular sporangia dencted a diploid sporophyte. Orders that
have a larmge number of members with gaps in their life histories e.g.
Ectocarpales, should obviously not be classified according to their
life history (Clayton 1986). Studies of S.australis and



S.fasciqlatus (Clayton 1986) revealed how easy it is to over)ook
sexual reproduction in the life history and assume that the lite
cycle is asexual. Se<ual reproduction only occurred in highly
specific envirommental conditions and the process of isogamy was
infrequent. The documentation of numerous asexual life histories in
the Ectocarpales (Pedersen 1983, Wynne & Loiseaux 1976, both in
Clayton 1986) need careful reassessment and experimentation before
they can be accepted as the camplete life history (Clayton 1986).

Filamentous, brown algae were originally all classified in the genus
Ectocarpus. Many genera, however, have since been erected.

The taxonamy of the Ectocarpales has recently been revised by Clayton
(1974). Her attempts at obtaining some form of taxonam‘~ order has
led to studies on thallus development, life hist... s and more
recently ultrastructural studies on members of the Ectocarpales.
Since as yet no better means of classifying genera in the order has
been  proposad, the morphological characteristics as defined by
Clayton (1974) will be maintained. To quote:

" The fllamentous. brown algae have few enough taxonomic characters

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

Studies on individual members of the genus have been conducted and
the earliest camprehensive study on Ectocarpus was that of Knight
(1929) on Ectocarpus siliculosus. Using light microecopy 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. Wwhile
subsequent studies have found minor errors in her interpretations of
cbewervations, such as her documentation of unilocular ganetangia,
which are now known to be uniloaular sporangia, her accurate accounts
have laid the ground work for more recent studies on this genus
(Baker & Evans 1973, Markey & Wilce 1976a,1976b; Toth 1976a, 1976b).



1.5. Reproduction in the Ectocaiy es

As mentionad earlier, the structure and development of reproductive

structures in the Ectocarpales is considered primitive (Fritsh

1945). There are two types of reproductive organs:

1) Tre plurilocular gametangia 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 some instances zoospores formed retaiy the same level of

ploidy as the parent algae (Muller 1975).

In the Ectocarpales, plurilocular structures occur in both the
asexual and sexual phases and A such may be either sporangia giving
rise to diploid zoospores cr gametangia producing haploid gametes.
These structures are mostly isomorphic betwween phases and a knowledge
of the life history s necessary before distingquishing between the
two. Generally, the plurilocular sporangium is more common and
cocurs  more often in the life cycle than the plurilocular gametangium
(Clayton 1374, Fletcher 1981). Both the sporangia and gametangia
develop from lateral branches and may be stalked or sessile.

In the majority of members of the Ectocarpales, unilocular
reproductive  structures are described as sporangia. The plurilocular
sporangia and gametangia contain many locules each possessing a
simgle motile cell. In contrast, the motiles producad in unilocular
organs develop in a single unpartitioned organ. These unilocular
structures are not as ccomon as the plurilocular structures and were
thought not to be an onligate phase in the life history (Knight
1929) .

Using the light microscope, Knight (1929) noted that the plurilocular
sporangia of Ectocarpus siliculosus arcse as papillae cut off by the
formation of cross walls at right angles to the long axis of the
plant. Fach tier underwent longitudinal divisions until as many as
600 loculi were evident in the mature sporangium. Throughout their



development, the nucleus, chromatophores and partition walls were
evident. A more detailrd description of the stages in the
developmont of the plurilocular sporangium or zoospore formation
(Locsporogenenis) was the result of the studies on Ectocarpus parvus
Sauncters  (lofthouse & Capon 1975) using electron microscopy. This
study has Leen summarised in Figure 2.

T™he early develooment of a unilocular gametangium commences as a
spherical swell . ng in the ell wall of a vegetative cell (Knight
1929) . The unilocular gametangium gradually increases in size with
increased nuclear divisions until heagonal masses of protoplasm
scparated by cleavage planes can be recognised in the mature organ.

Using the light microscope, the cbserved release of motile cells was
preceded by a bulging of the tip of the sporangium (La Claire & West
1979) . This eventually bursts to release the motiles. In
plurilocular structures, the locule walls do not appear to be
corpletely broken down. For example in Sgytosiphon, the motiles
appear to stream through a central column to the exterior of the
reproduct ive structure (Clayton 1984). A central colum was found in
cross sections of E.parvus (lofthouse & Capon 1975).

A number of ultrastructural changes take place in both the unilocular
arnd plurilocular structures just prior to the release of motile
cells. In the plurilocular structures, spaces develop separating the
motile from the cell wall (Scytosiphon Clayton 1984; Qutleria
hancockii Dawson, la Claire & West 1979 Pylaiella littoralis
M(L)Kjellman. Markey & Wilce 1976a). These spaces are thought to be
filled with micilage. In unilocular structures the motiles round up
oefore  release and  are swrounded and permeated by mucilage
(Pylalella littoralis Toth 1976a). Other ultrastructural changes
occurring before the release of motile cells include the production
of intraplastidial eyespots and a pair of flagella in each motile
cell.

The ultrastructure of the apical oells within the plurilocular
sporangla of E.parvus revealed poorly defined membrane systems and
organel les (lofthouse & Capon 1975). These differences, when
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AR
Figure 2: Development of a pluriloecular sporangium in Ectocarpus
Puavs (modified from Lofthouse & Capon).

1. A vegetative cell showing convex bulging of the lateral wall.

2. Newly formed ceil wall between sporangial initial and vegetative
cell.

. The two celled stage. 4. The six celled stage.

. Nine rank stage. 6. Mature plurilocular sporangium.

/. Croms section revealing a cential supportiig column.
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caompared with other developing motiles elsewhere in the sporangium,
led these authorw to presume that the apical cells are non-viable.

he process ° liberation of motile cells is thought to be the same
in both uni: .. and plurilocular structures. Knight (1929)
cbeorved that woow of sporangla was caused by perforation of
the o'l wall . the terminil end and the creation of a ‘suction

prescre’ emabling 0 zoospores to “ooze" out in a mucilaginous
masa. More recent obees stions seem to indicate that intermal
pressure is created within the sporangium, reculting in the passive
liberation of the motile cells. Furtherrore, discharge of motile
mores does not seen to be related to the turyor pressure of the
spores therselves, but  rather to hydiation of the mucilage
surrounding the motiles in both plurilocular and unilocular organs.
Using histochemical staining technigques Toth (1976a) has shown that
the mucilage in Pylaiella littoralis is carbohydrate in camposition
v carbonydrates  are prone to hydration. Release of mntiles of
intertidal algal could then be synchrounised with the incoming tide.

here are a number of theories as to the origin of the mucilage
surrounding the rmotile cells in the Ectocarpeles. In an few
instances, vesicles (n developing motiles were cbeerved releasing
their ocontents into the space between the motile and the cell wall
(Baker & Evans 197), Markey & Wilce 1976a) and it was suggested that
the oconterts of these vesicles constitute the mucilaginous matrix (La
lalre & Vest 1979), However, this does not explain the extensive
thinning of locule walls in many species. It was suggested that the
vesicles owld also be a source of enzymes responsible for the break
jown of the cell wall and the resultant break-down products form the
ratrix (Clayton 1984). In Scytosiphon (Clayton 1984), there was
unequal  erosion of the outer sporangial walls. The inner layer
oposed of  alginic acid being ercded far more than the outer,
rersistent, cellulosic layer. Furthermore, this may lead to the
boervation that the locule walls are composed largely of alginic
wid and  that  the break down of this component produces the matrix.
Me  remaining  cellulosic component, would be sutficiently thin to
oasily break by rmexhanical stress, such as that caused by the
swellimg of the matrix.
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After release, the .otiles swim for up to 24 hours Lefore settling on
a mbstrate and responding to external stimuli such as light (Wnne
1 in Fletchar 1987, Baker and Bvans 1973). Motiles of members of
the Ectocarpales are typical of all phaeophytes, possessing two
sub~apically inserted heterckont or unequal flagella. The posterior,
gshorter flagellum is smooth whilst the anterior flagellum bears

mast lgonemes .

The flagellum s divided into a number of regions: the basal body,
transition zone and the flagellar shaft, which in sone cases bears
mastigonemes oOr halrs. All of these regions are traversed by
nicrotubules, which are arramged (n the axoneme, Wwhich in tum are
vranged in different patterms depending on where they ooccur along

the flagellum (Figure 1.).

\ Pore
0 am . e
fageiwr ¢
— o Y
e
a r4
‘el e VORI e
vl y'e v

Mg v
mbrane

[ILAGILLUN
BALAL BOOY

Figure J,: Diagrammatic reconstruction of the flagellar shaft,

transition region and basal body of Chlamydomonas
reiphardtii Dangeard (from Cavalier-Smith 1974 in Moestrup

1982) .
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The axoneme arrangement of the basal bodies is characterised by a
‘cartwheel’ pattern and variation from this arrangement is reportedly
rare (Moestrup 1982). The precursors of the basal bodies are the
centrioles which are not thought to play an active role in mitosis
(Plckett-Hoaps 1971 in Moestrup 1982). Basal bodies are thought to
be involved in flagellar movement, however examples of motiles
without basal bo'’ have questioned this theory.

The brown algae, Like other heterckont algae, lack a transitional
helix. The abser e of this structure indicates that it may be of
little importance in flagellar functioning and its functiocn may be
taken over by other flagellar parts.

The flagellar shaft is characterised by nine outer doublets of
mictotubules which swround a central pair of single microtubules.
This arrangement is more comonly known as the ‘942’ arrangement.
The acronema or ha.rpoint and mastigonemes are features of the shaft;
the former restricted to the tip and the mast!gonemes may at maturity
e distributed, helically, in one row, along the entire length of the
flagel lum,

Ypically, brown  algal mastigonemes possess an expanded base, with a
hollow centre, which gives rise to a shaft region. The shaft
oorprises two zones, a proximal fibrillar part and a distal tubular
region, corronly bearing two hairs (Russell 1973).

The acronema 1s 10 essenon a continuation of the two central axonemes
in the 92’ amrramgement. The delicate nature of the acronema and
its sensitivity to mechanical stress, means that it has been lost in
numerous specimen preparations. In Ectocarpus sp., only 1% of the
cells had  an acronema (Moestrup 1982). A number of functions has
toen  ascribed to this region; initial contact between the mating
gawtes in hlamydomonas  reinhardtii and the attachment to the
ubstrate e.qg. in horda tomentosa (Toth 1976b). In the latter, Toth
(1976b) suggests that the acronema is covered with a sticky protein
which enhances adhesion to the substrate.

Muller (1988) and Kawal (1988) have cbserved zooid flagella with
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epiflourescence microscopy under blue and blue-violet light
excitation. The front flagellum was campletely invisible, while the
posterior flagellum shows a brught, blueish green flucrescence over
(ta entire length, ircluding the swelling near the base. Maximum
fluorescence emission at wavelongths of 515-520rm, upon excitation of
440rm bv  the exciter filter, indicates that the autofluorescent
substance (s ocowsidered to be a flavin (Kawai 1988). It is present
in  brown algal flagellata cells which have eyespots and are
phototactic. Because the flagellar swelling in the posterior
flagellum is a presunptive photoreceptor for phototaxis in these
grogs, it is suggested that the flavin located in the posterior
flagellum, acts as a photoreceptor pigment in phototaxis.

Figure 4 Disgrammatic reconstruction of flagellar apparatus in
Girnudyopeis stellifer zoowpores (O‘Kelly & Floyd 1985).
Mar & Mpr = Major & minor bypassing pootlets
DF = Distal fibre ™ = Transitional helices
DB & 5B = Deltold & strap-shaped striated bands
A & P« Anterior & posterior basal bodies

Studies on the flagellar apparatus of Giraudyopeis stellifer (O'Kelly
and Floyd 198%) revealed the flagellar apparatus components in the

vicinity of the basal bodies (Figure 4.). Essentially a number of
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rootlets serve to anchor the flagella. Studies of motile cells of
brown algae have revealed the presence of an anterior rootlet (Manton
1957, Baker & Evans 1973, ia Ciaire & West 1979, Henry & Cole 1982a &
1982b in O’Kelly & Floyd 1985, Moestrup 1982, Clayton 1984), while
the major postecrior rootlet appears to be absent, with the exception
of fhyllospora comosa (Moestrup 1982) and possibly Ectocarpus (Baker
& Evane 1973). O'Kelly and Floyd (1985) suggested that it may be
significant that species in which major post rootlets are present,
belong to agroups regarded as primitive in the Phaeophyceae, as
recagnised by Scagel (1967).

1.5.1. Organelle functioning at the ultrastructura, level

While it 1is often possible to discermm the functioning of larger
structures associatad with algae, such as flagellar actica or the
release of motile cells, it is far more difficult ard challenging to
determine organelle functioning at the electron microscope level.
Since  sequences cannot be observed simultanecusly, but require
numerous  embedding runs followed by sectioning over time, speculation
is often made about the missing steps in a process. A number of
irportant processes required for ‘normal’ cell functioning will be
discussed in tum.

Transport of food reserves and secretory precursors are thought to be
intricately involved with the pyrenoid, nucleus, chloroplast envelope
and the Golgi (Bouck 1965). More specifically, materials produced in
the chloroplast are stored in the pyrenoid or passed through the
swrounding endoplasnic  reticulum to the Golgi and ultimately
extruded ‘rom the cell. Evans and Holligan (1972) argue that the
by-products of photosynthesis arise as osmiophilic bodies in the
chloroplast. These bodies are then expelled in vesicles from the
chl-roplast, where they coalesce in the cytoplasm to form larger
cemiophilic bodies, Oliviera and Bisulptra (1973) noted ‘csmiophilic
structured’ bodies associated with the chloroplasts and traced the
origins of these bodies to the chloroplast erdoplasmic reticulum.

In the cytoplasm, the osmiophilic bodies accummulate at the cell
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periphery and are excreted from the cytoplasm, to be incorporated
into the ce!! wall (Baker & Evans 1973, loiseaux 1973). The presence
of oamiophilic material extermal to the cell wall (Baker & Evans
1973), suggests that it has been extruded from the cell. Armstrorg
and  Boalch (1960 in Baker and Evans 1973) demonstrated that
Ectocarpus plants release metabolites into the culture medium.
Whether or not in the last example the metabolites were from the
oamiophilic bodies is not known.

Golgi-~derived vesicles are thought to play a role in the transport of
the osamiophilic material within the cytoplasm (loiseaux 1973). The
origins of the Golgi were suggested to be formed by blebs, produced
by the outer nuclear membrane (lLoiseaux 1973). These blebs coalesced
to give rise to the perinuclear Golgi.

Very little is documented in the literature on the formation of
locule walls within a sporangium. Baker and Evans (1973) suggested
that the abundance, at a stage when cell wall formation was taking
place and location of plasmalenmasomes and lomasomes (also known as
paramural bodies) .n the region of the forming cell wall, suggests
that they may be involved in cell wall formation. Plasmalemasomes
and Jlomasomes have been reported in other brown algae (Cole & Lin
1970 in Baker & Evans 1973) but their role is as yet not fully
understood.

The process of flagellar formation has been studied in Pylaiella
littoralis (Markey & Wilce 1976b). The first indication of flagellar
formation is the occurrence of a pair of centrioles, close to the
nucleus and perinuclear Golgi body. Basal bodies at the distal end
of each centriole give rise to a bwsal plate. This basal body/basal
plate complex constitutes the flagellar precursors. The next stage

is the formation of the flagellar vesicle into which the part of the
forming flagellum above the basal body extends. It is possible that
vesicles bud off from the Golgi and coalesce to produce the flagellar
vesicla, The smooth flagellum develops appressed to the edge of the
flagellar vesicle for part of its length, while the tinsel flagellum
develops away from the vesicle wall. The ragion of the smooth
flagellum appressed to the vesicle periphery has a swollen flagellar
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membrane and is thicker than the tirsel flagellum (Markey & Wilce
1976b) .

Mastigoneme formation most likely occures with'n the endoplasmic
reticulum. Evidence of this is found in the structure and sizn of
tubular elements in the endoplasmic reticulum (Moestrup 198:). At
first the flagellar hairs apear to be irregularly arranged, but
later on the hairs become aligned in one or more groups. The bases
of the mastigonemes are apparently attasied to the endoplasmic
reticulun membrane and this led to suggestions that the hairs are
added to the growing flagellum together with a piece of endoplasmic
reticulum membrane, which is then incorporated into the flagellar
membrane. In Pylajella littoralis, mastigonemes reportedly move via
the Golgli to the growing flagellum on their way from tle erdoplasmic
reticulum. In Giffordia grapulosa (Sm) Hamel swarmers, 7. e spokes
between individual mastigonemes seemed to kee)» t .+ mastigonemes
separate from each other (loiseaux 1973). It was also suggested that
these spokes may play a role in directing orderly transfer of hairs
from the cytoplasm to their final position on the flagellum. Similar
spores Lave not bew. detected in other brown algae (Manton 1957,
Bouck 1965, Baker & Evans 1973, la Claire & West 1979, Clayton 1984).

Using fluorescently labelled hairs, Bouck (1965) was able to show
that the hairs were added to the base of the flagellum. However, it
is clear that several different systems are involved, but, details of
the actual attachment process of hairs to the flagellum is not known.

The arrargement of mastigonemes on the flagellum seems to vary
deperding o the age of the flagellum (Moestrup 1982). As cbserved
by Markey and Wilce (1976b) and Berkaloff and Rousseau (1979 in
Moestrup 1982), the newly formed mastigonemes, after their release
from the cytoplasm, are packed together in a proximal group on one
side of the flagellum, Distal ends of the flagella are free of
hairs, Eventually the hairs are distributed along the entire length
of the flagellum. Negatively stained preparations of Giffordia
granulosa  (loiseaux 1973) showed that the mastigonemes were arranged
In two opposite rows, unlike that found in the developing zoid within
the sporangium.
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1.5.2. Organelle fine structure as a taxonomic tool

Similarities f morile cell organelles between algal groups has led
to a numberr of attempts at using organelle fine structure as an aid
to assessing systematic and phylogenetic relationships in algal
groups . Traditionally, features associated with thallus morphology,
vxgetative growth, reproduction and life history in brown algae have
formed the basis for their classification (Wynne 1981 in O’Kelly &
Floyd 1985). More recently it has been suggested that the value of
the latter attributes are limited with respect to the Chlorophyta
(Stewart & Mattox 197%, Floyd & O’Kelly 1984, Mattox & Stewart 1984,
O'¥elly & Floyd 1984c, all in O'Kelly & Floyd 1985). Furthermore
O’Kelly and Floyd (1985) suggest that contimued use of thallus
morphology, growth regions and reproduction in classification may
cbecure details which support the parallel evolution of thallus form
and construction in different brown algal lineages.

As mentioned earlier, chloroplast structure has been considered as
being sufficiently uniform within groups to be used as a taxonomic
feature (Evans 1966,1968, Hori 1971,1972 & Asensi et al 1977 all in
Clayton & Shankly 1987). Other organelles suggested as being useful
in taxonamy are eyespots (Dodge 1971), flagella (Moestrup 1982) and
the pyrenoid (Dodge 1973).

B ,ous are categorised into types by UDodge (1973) according to
their association with the chloroplast, for example, Type B eyespots
form part of the chloroplast and are loosely associated with a
flagel lum. The latter eyespot type was identified in the
Xanthophoeae, hrysophyceae and Phaeophyceae and these classes also
share similar pigment composition and  flagellar structure.
Difficulty in using eyespot type in classification arises where
variation within a single class exists, such as in the Dinophyceae.

Pyrenoid variation was also noted within a single class (Dodge 197))
and 50 use of pyrenoids in taxonomy is also questiunable. Uniformity
* pyrenoid structure does exist in the FPhaeophyceae, where most
i« bers possess a single-stalked pyrenoid.
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Moestrup (1982) organisad all heterckont algae into the
Heterokontophyta, characterised not only by the structure and
arrangement of the flagellar hairs, but also by the transition region
and numerous cytoplasmic features. The Phaeophyceae are included
within this phylum. Variation in {lajellar structure was found to be
minor, involving the loss of one row of flagellar hairs, or loss ot
the transitional helix.

Hibberd (1979 in Mcestrup 1982) uses flagellar structure in
construction of the phylogenetic relations between algae (Figure 5.).
Unlike Hibberd, Moestrup (1982) suggests that the brown algae may
have been derived from the Chrysophytes or fraom heterokont fungi.

" oo Bac Rar oph e sae
Chysantys sae
Ruph dophye
Pedimeiiaien - s
Xanthophyc sae
Tuntip alophpcone Aymnesiaion
Pavievales
Dinephycane

TN

Figure 5.: Phylogenetic diagram based on flagellar structure
(Hibberd 1979 (n Moestrup 1982).
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1.0.0. Thft-ssnsslit-[ X -slixualitl]

Hartnvtn (1) intrllduclld thl] [Orinx¥t Of rllativl] slxualitl], which
diiscrillls thil allilitl] [f X gallltll tll act [ithllr as a [lalll [lr frnalll
whiln antlld with diffllrint [wrtnllrs. fill infllrrlld that thll slix [f
g .t THil T was ditlrllinlld [arlll in its dWITTnt OO Oxtlrnal
factlr*.

uhilll Mullllr (1[011)) argulld that thirl] was nll data 10ft tl) sullldrt thl]
thilxl] [f  slixual itll in thl] [lant [ingdl], hil nlltlld that tla
HiMwrintlll isllrlhic g.illtls [f Ectllcarllus sillculllsus diffllrlld
[IThavillurs1l], acting Uithllr [ 'nulll' [r 'fllwls' gallltlls. Fllrtill]
ga lltlls rll«wild fril]l g.illrtangia tlindld tl] nswin [tilll £lr ull £
twlintl l=fllur hilurs altllr zrllllasll whilrllas nll1l] gallltlls sflttllld slln
attllr dchisclin(l]. Whiln thi] fllalll gallltlls finallll canl! tl] rllst [LI
fixing thinrlAvils tl] thi] sullstratl) and withdrawing thllir flagillla,
thl] startlld accrliting a slix hirlln[] calllld 'cctlcar(IIn]'" (Mullllr fiS
ai. 1[11) which attractlld thl] nulll ga lltlls. Flr fusilln tl talll [lac]
thll -«1l gilltlls rlltractlld thll frint flagl/llull slJ that it [Thld
glhirhtdi thil frtilll <11. Aftllr [nll [alll galt-s had fiulld with th']
firtill], thi] [otiell 1lst its attractilln fllr thr thir nwll) gallitlls.
Tho chillical [lrrllillltilln [f thll 'Uectllcar' I n'l' has [1ln [11lucidatlld [1!
glls iihrnrutag [hl].

Sllxualitl]l was ilall zr[Ilrtlld in an islllatl) [f Uiffllrdla [itchl/11liall
(Harv* [JU~*’ (Mulllr 10000y .  HOx() thi) fll0all) Dlurilllcular gallJtangia
had largllr 1llcullls than 1llculus [f [lall) [lurilllcular gallltangia [n
thll aw [lant. larg) .td [ill 1lcullld gallltangia and slixual
activitl]l havl]l nllt hrlln [slrvild in sulls[[ulint studills [In [Jiffllrdla
(Aralllr 1C1T)).
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