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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
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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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1.5.3. The concept of sexuality

Hartman (1925) introduced the concept of relative sexuality, which
describes the ability of a gamete to act either as a male or female
when mated with different partners. He inferred that the sex of
gametophiytes was determined early in its development by extermal
factors.

while Muller (1979) arjued that there was no data left to support the
theory of sexuality in the plant kingdom, he noted that tl.a
apparently isomorphic gametes of Ectocarpus siliculosus differed
behaviourally, acting either as ‘male’ or ‘female’ gametes. Female
gametes released from gametangia tended to remain motile for up to
twenty-four hours after release whereas male gametes settled soon
after dehiscence. When the female gametes finally came to rest by
fixing themselves to the substrate and withdrawing their flagella,
they started secreting a sex hormone called ‘cctocarpene’ (Muller et
al. 1971) which attracted the male gametes. For fusion to take place
the male gametes retracted the front flagellum so that it oould
approach the female cell. After one male gamet2 had fused with the
female, the zygote lost its attraction for the ther male gametes.
The chemical camposition of the ‘ectocarpene’ has been ellucidated by
Jas chromatography.

Sexuality was also reported in an isolate of Giffordia mitchelliae
(Harv), Maum) (Muller 1969). Here the female plurilocular gametangia
had larger locules than lecules of male plurilocular gametangia on
the same plant, large and small loculed gametangia and sexual
activity have not been observed in subsequent studies on Giffordia
(Amsler 1985).
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1.6. Environmental control of reproduction

Algae, like higher plants, have developed elaborate reactions for
seasonally synchronising the timing of spore or gamete production and
release, and the phases of active growth and dormancy. This enables
them to make use of seasonally varying ecological factors such as
temperature, photon fluence, light quality, photoperiod and nutrient
concentration. wWhile temperature and day length ard in some
instances light quality act as triggers inducing reproduction or new
growth, photon fluence and nutrients modify the amplitude of the
reaction. Often there is an antagonism cof reproductive and
vegetative growth in a seasonal responsn sequence (luning 1981). For
exarple, sorus development in a Laminaria species in short days
involves a dramatic reduction of the growth rate (luning 1981).

Erphasis  on the following discussion will focus on the major
environmental parameters in turn and the influences these have had on
controlling reproduction. The influence of nutrient concentration on
growth and reproduction will nct be reviewed. The discussion will
not be limited to the Ectocarpales but will cite examples from all

the algal groups.

1.6.1. Light climate

As we move from the shore mayins into deeper waters, so the light
quantity and quality undergo dramatic changes. An understanding of
the way in which the life cycle and growth of seaweeds is related to
light climate requires quantitative analysis of its responses to
light., Most commonly, this goal has been approached by determination
of the maximmysaturating and minimum light levels defining the
limits within which major physiological processes can be operated,

In photosynthetic orjanisms, light provides not only energy for
assimilation, but information which is used to adapt to the various
light climates. fhotoreceptors other than chlorophyll are
regsponsible for the light absorption in these adaptive responses. In
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algae a variety of photoreceptors ave found, most abundantly

phytochrome and/or cryptochrome (Dring 1988). As with higher plants,
light may influence morphogenesis and metabolism (Dring 1988).

Mme light field, to which marine algae are subjected, is made up of
the oombined componen of light intensity, photoperiod and the
quality or wavelength of light. While it is the combined action of
these components that influence the growth and development of algae
in nature, it Is possible urder culture corxditions, to separate out
these components and determine experimentally which is initiating a
response.

1.6.2. Photon fluence

fhoton fluence rate is the term used to describe the amount of light
incident on a surface, as used by Ramus (1981) and azolm™2sec™!
is the Systeme Internationales (SI) unit of photon fluence rate, as
described by luning (1981). Throughout this thesis the term photon

fluence rate will be used synonamously for the phrases light quantity
and intensity.

There have recently been many studies on the rate of development of
reproductive  structures at different photon fluence rates. Most of
these show that the rate or intensity of reproduction increases with
increasing photon fluence providing other corditions are favourable
og. MWydrodictyon Roth (Neeb 1952 in Dring 1974), Forphyra C.Agardh
(Murvgi et al.1962 in Dring 1974). The results have also often
irdicated that there (s a threshold intensity below which
reproductjon does not  occur e.q. Acetabularia crenulata (Terborgh &
Thirann 1964), and Desmarestia Lamourcux (Chapman & Burrows 1970 in
Dring 1974), and that reproduction is inhibited at high photon
‘luence rates eqg. tetrasporophytes of Bonnemaisonia ¢.Agardh (Chen ot
al.1970a in Dring 1974) and Laminaris lamouroux (Hsiao and Druehl
1971 in Dring 1974).

It has been argued that the effect of photon fluence on reproduction
may be correlated with changes in photosynthetic activity and thus
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when photosynthesis is inhibited at extreme low or high irradiances,
reprocuction is too. Howover, some results cbtained indicate that
photosynthesis was not saturated at energies which were saturating
for reproduction (Kain 1966, Knaggs 1966).

The influence of photon fluence on the type of reproductive organ
produced was illustrated by Muller (1962). He showed using a species
of FEctocarpus that high light energies favour unilocular sporangium
development, while low light energies favour plurilocular sporanguim
formation. In Derbesia Solier, sporangia were produced in strong
light, and vegetative propagules in weak light (Hustede 1964).

Light stimulates the liberation of motiles in some algae. Ectocarpus
siliculosus gametes amd zoospores are liberated from mature
gametangia and sporangia within minutes of being removed from the
dark and placed in the light (Clayton 1974). Bgg liberation in Fucus
requires at least eight hours of light; above this threshold the
mrber of eggs released increases with the length of the irradiation
period (Abe 1970).

Jores and Dent (1971) investigated the effects of photon fluence on
the growth of algal spores and showed that an alga’s pigment system
may prove important in establishing photon fluence tolerances. Their
results indicated that sublittoral species depend on a phycoerythrin
~chlorophyll system for the utilization of light and can grow only at
irradiances at which phycoerythrin is not destroyed. Intertidal
species appear to have a second system which can function without
phyccerythrin, at high photon fluence rates.

In same investigations, variation in photorn fluence rates have been
combined with variations in day length and it is evident that often
the onset of a reproductive phase is related to the total incident
wargy or the radiation rather than to a specific irradiance or day
lerngth  (Dring 1970).  To measure the total quantity of light ereryy
received per day, we moasure the mean daily illuminance or MDI
(Chapman and Burrows 1970 in Uring 1974). 10 calculate the MDI under
laboratory conditions {s easier than in the field, since a constant
irrndiance of light can be maintained. In the field the intensity
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varies depending on the angle of the sun. MDI is calculated as
follown:

IxD
MDI= 24
where I-illuminance in a1 molm™
l&'l
Deday length in hours
24=no. of hours in a day.

1.6.). Photopericd

Mhotoperiodic responses are well known in higher plants and are
associated with changes in day length and temperature, which often
herald the onset of seasonal change. Initially it was thought that
photoperiodic responses would not be evident in marine environments,
as wide fluctuations in temperature and dwy length are not
experienced, however, there is now adequate evidence that a
photoperiocdic response oxists in seaweeds, Most of this evidence
comes  from studies on red algae (eg. Adey 1970, Luning 1981, Guiry
1984, Suiry & CQunningham 1984), while comparitively fewer studies
have concentrated on photoperiodic responses in brown algae (eq.
Jaffe 1954, PByrmme & Craigie 1971, Nakahara & Nakamura 1571, Dring &
luning 197%, Terry & Moss 1980, Dieck 1987, Hoffmann 1985).

Mhotoperiodism can be defined as "the control of some aspect in the
life cycle by the timing of light and darkness" (Hillman 1979 in
Dring 1988). The criterion here is not the total amount of availaule
light, but rather th» effects cf timing of the light in a twenty-four
haur cycle. Luning (1981) crgues that an important criterion in
pinpointing the presence of a photoperiodic response is the effect of
A ‘night=-break’., A positive response to irterrupted night regimes
such as those found in Porphyra tenera Kjellm, (Dring 1967) and Bangia
fuscopurpea  (Roth)CL.Ag. (Richardson 1970), suggests that a pigment
similar to phytochrome of higher plants acts as a photoreceptor in
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algae. Photoperiodic experiments on Ascophyllum nodosun (L) Le Jol
(Texry and Moss 1980), revealed that a pigment. with absorption in the
blur region of the spectrum, was responsible for a photoperiodic
response and not phytochrome,

Dring (1984), however, regards that ‘night-breaks’ should not be
regarded as an bsolute diagnostic for photoperiodic responses. He
bases his argument on the responses of flowering plants, where night
breaks are not always effective in converting a long-day regime into
a short-day regime (Vince-Prue 1983) amd therefore there is no
response to night breaks. He also argues that phytochram does not
seem to be the photoreceptor in algae and so we cannot use the
Jefinition of photoperiodism as used for higher plants. Rather there
seems to be a ramge of different types of photoperiodic mechanisms
evident in algae. The criteria then, used for establishing a
photoperiodic response, should be the cbservation of a difference in
development of an algal species in long and short days under
identical temperature and nutrient conditions. This would usually
involve reproduction of one or both phases in a life history, but
vagetative development may also be controlled. This definition is
favoured in this thesis.

I* is often very difficult to distinguish between a response caused
by light quantity and light period. An example of difficulty in
detarmining which factor was {lliciting the greater response is
illustrated in Laminaria longicruris de la Pyl (Byme & Craigie
1971). Sexual reproduction in this species was more prolific in a
five hour day than in a twelve hour day, but brief interruptions of
long dack periods with red light, reduced sexuality to the level
recorded in long-day conditions. A positive photoperiodic response
was detected in the gametophytes of Desmarestis (Nakahara & Nakamura
1971). Only vegetative growth was evident when grown in continuous
light at 10°C, but ome cycle of 10L:14D, followed by a return to
continuous light, induced fifteen percent of the branches to become
fertile and fertility was increased by eighty-five percvent after four
short day cycles (Nakahara § Nakamura 1971).
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laning  (1981) and Dring (1984) also found that a genuine
photoperiodic response was characteristic of a heterworphic life
Ycle. ™he most logical explanation of the coincidence of
photoperiodism and heteromorphic life cycles may be that one of the
“wo  phases can only survive part of the year, so that the initiation
of this phase has to be very accurately timed. This was show) to be
the case in an asexuai species of Monostroma arcticum shown to be
non=photoper iodic in ocontrast to the hetermorphic species
M.oreyvillei (Thar.) Wwittr. (luning 1980). while the ecological
significance of photoperiodic respornses in heteromorphic life
histories is clear, more recently photoperiodic regulation of the
tsemorphic  life history of a number of aigae has been proven. These

include  Glosscphora  kunthii (C.A9.)J.Ag. (Hoffman 1985): [Dumontia
ontortd (Rietema &  Breeman 1982); Gigarcina acicularis
(wulf.)lamour, (Guiry & CQunningham 1984). In most algae,

photoperiodic responses are restricted to the sporophyte generation;
P to now, the red algae Gigartine acicularis and Helminthora
livaricata are the only species where photoperiodic control has been
reported for both generations (Guiry 1984, Guiry & Qunningham 1984).

16,4, Light quality

e light quality incident on algae changes with depth in the water
wlam, causing the wavelength of light to be altered as it passes
through the water. In general, green light travels the shortost
distance, blue light travels to a greater depth, and red light
travels the furthest. The wavelength of incident light is relatively
constant, variation is introduced by tidal changes and seasonal
fluctuations in water depth, although the latter is minimal.

Ixposure  to wavelengths other than those normally found in the field,

may cause morphological and physiological changes, often associated
with the . »productive phase.
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Irradiation for one minute with a high intensity of red light in
Trebouxia 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 altermative explanation
for the antagonistic effect of red and far-red light in these algae,
but the presence of phytochrome in these algae has yet to be
confirmed.

Blue light has a specific effect on reproduction in a number of
species. Male gametophytes of Lamiparia saccharina remained
vegetative indefinitely in red light, but twelve hours of irradiation
with blue light was sufficient to induce egg production ten days
later in 50% of the gametophytes (luning & Dring 1972). There are
also reports that blue light stimulates spore liberation in
Monostroma Thuret (Shihira 1958 in Dring 1988), Nitophyllum Greyville
(Sagromsky 1961) and Desmotrichum undulatum (J.Ag.)Reinke. (Lockhart
1982 in Dring 1988), and inhibits zooepore formation in Protosiphon
botryoides Klebs (Durrant et al.1968)

1.6.5. Terperature

Terperature has long been regarded as the major factor controlling
the geographic distribution of marine algae. Temperature may control
distribution of algae in two wa wtreme low or high temperatures
may kill established plants or altermatively, prevent the
reproduction of adult plants and establishment of juveniles (Dring
1984) . The terperature limits for reproduction and for juvenile
plants are usually narrower than thos» tolerated by adult plants,
thus reproduction and establishment usually coincide with the most
tavourable conditions, while adult species must be able to withstand
adverse conditions. This implies th.. f the distribution limits are
determined by the terperature in the most adverse season, it is the
tolerance of the mature plants which is critical, but if the limits
appear to correlate with temperature in the most favourable season,
the requirements tor reproduction and establishment are important.
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The physiological significance of the effects of temperature on
reproduction are difficult to assess and often some other aspect of
the alga’s metabolism should be measured simultanecusly to correlate
with reproductive activity. Tseng and Chang (1956) derunstrated that
spore production in Porphyra tenera can be divided into at least
three phases: sporangium formation, spore formation and spore
release, and that each phase has a different temperature optirum.
Studies of spore production at different temperatures arc therefore
liable to reveal only a compromise between the optima for several
processes,

Temperature rmay also have qualitative effects on reproduction. In
species in which differeat spore types are produced by the same
thallus, the temperature conditions may influence the type of spore
which 1s formed. For example, Muller (1962,1963) has reported that
Fctocarpus produced unilocular sporangia at low temperatures (below
10°C) and plurilocular sporangia above 13°C, whereas the situation
appears to be reversed in Elachista Duby (Kormmann 1964) .

Klebs (1896) showed that sudden temperature changes could induce
spore formation and similar effects have recently been demonstrated
in Dertesia (Sears & Wilce 1970), Fucus Linnaeus (Abe 1970) and
Coscinodiscus (Wermer 1971). In Porphyra tenera temperature increase
resulted in decreased spore liberation, and vice versa, the intensity
of effect being roughly proportional to the severity of the
temperature chamge (Kurogi & Hirano 1956). Sane of the other
observed effects of sudden temperature changes may be attributable to
their effects on an endogenous rhythm.

There are few detailed studies of the interaction of temperature with
photon fluence. Ectocarpus (Muller 1962) sporangial development was
not influenced by light at 13°C or 19°C, but at 16°C unilocular
sporangia were formed preferentially at high photon fluence rates,
while plurilocular sporangia were formed at low light energies.

The literature i-wdicates that the timing mechanism for photoperiodic
responses must be temperature compensated in some way, so that the
critical day length is relatively constant at ditferent temperatures
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This is becauwse the effect of temperature appears to be exerted on
the process that is under photoperiodic control and not on the
photoperiodic ocontrol mechanism itself. The sensitivity of critical
day length to temperature has been examined in Gigarctina 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 1984).

1.7. Gemmination and attachment of spores

The first and possibly, the most critical stage in the development of
every independent phase in the life history of an attached alga, is
the germinaticn of the spore and 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 germin “ion of algal
spores has received very little attention.

While no studies could be found on germination in the Ectocaipales in
particular, the results available for other brown algal spores
suggest that germination is rapid under a wide range of conditions.
Neither extreme temperature nc. light conditions appeared to lower
the percentage germination. The apparent 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 marine algae lack the resistant walls and low
metabolic rates of spores and seeds of terrestrial plants and so are
unable to delay germination until conditions are more favourable. It
is anticipated, however, that environmental stresses will influence
the further development of the alga after germination.

Although the enviromrment has little influence on the rate of
germination, both the pattern and direction of gemination or
polarity may be strongly modified by the envirorment. The polarity
of developing embryoe of Fucus and Pelvetia Decaisne & Thuret have
been studied (Dring 1982) and while as many as fifteen physical,
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chemical and biological factors may influence polarity, light is
thought to be the most important stimulus for a zygote on the shore.

Rapid attachment of spores is particularly important for species in
the intertidal or upper subtidal zones that are subject to wave
action. Studies on the Fucales have shown that spores become
attached even before the first visible signs of a rhizoid emerging.
In Fucus (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 dve to emerge.

An attachment material secreted after initial settling of zygotes in
Ulva mutabilis Feyn has been studied at the electron microscope level
(Brdten 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 secreted by young zygotes during the initial settling, is
chemically different from the material secreted by the rhizoid cells,
and the two substances seem to have different origins within the
cell. A continuous secretion of cementing material takes place as
the rhiziod grows.
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I1T. AIMS OF THE PRQIECT

pased on the literature survey, it appears that the stages in the
development and the structure of thallus and reproductive organs,
is relatively unitorm within the order Ectocarpales. In this
irvestigation, an attempt was made to determine whether Feldmannia
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 deait with only briefly in descriptions of Hamel (1939),
¥noeffler-Pegquy (1970) and Clayton (1974).  No 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 the species of the Feldmannia investigated would be
determined, Since very little ground has been covered in the field
of taxonomy in the South-African filamentous brown species, the
expertise of Clayton (pers comm.) and keys from Australia (Clayton
1974), North America (Abbott & Hollenberg 1976) and Eurcpe (Hamel
1919) have been relied upon. The taxonamic aspect, however, was
intended to form a very small part of the investigation.

It was intended that the investigation would concentrate on thallus
development and aspects of reproduction at the light and electron
microscope level. This would include studies on stages frum
germination of zoospores to the initiation of sporangia on adult
filaments, In addition, the development, maturation and release of
zoompores was also studied, Particular emphasis was placed on the
latter at the electron nmicroscope level. Most of the detailed
studies within the Ectocarpales have focussed on the development of
motile cells within the spirangia (Knight 1929, Baker & Evans 1973,
loiseaux 1973, lofthouse & Capon 1975, Markey & Wilce 1976, Toth
1976b, la “laire & West 1978, Clayton 1984 & 1986). These studies
proved valuible in comparison with similar stages in this species of
Feldmannia.



Since Faldmannia sp. was not relocated in the field, it was important
that the envirommental conditions most favourable for growth and the
environmental extremes that Feldmannia sp. ocould endure, be
establ ished. This would provide further indication of its natural
niche and geographical distribucion. Since only plurilocular
reproductive organs were evident on stock cultures, it was hoped that
variations in envirunmental oconditions would induce unilocular
reproductive organ formation. In this way more information about the
life cycle amd ploidy of the species would be revealed. A change in
phase wnier a photoperiou treatment, would indicate a positive
photoperiodic response.

An attempt was made at determining the influence of different
environmertal parameters on thallus growth of Feldmannia sp. and on
the production of reproductive structures. The value of experiments
where one envirommental parameter is varied while all others remain
constant is great, as with reproduction, a single stimulus may
trigger a resporse. This response may take the form of inhilkited or
enhanced production of reproductive structures, a change in the
reproductive phase or the triggering of motile cell release.
Experimental design in this investigation enabled the role of an
individual stimlus eg. temperature, photon fluence, light quality
and photoperiod to be pinpointed.

In essence then the following aspects were investigated:

(1) the taxonomic status of Feldmannia sp.,

(11) 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 environmenta! conditions that favour and inhibit jrowth and
reproduct jon.
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ITI. MATERIALS AND METHODS

J.1. The cxperimental organism

The alga used in this investigation was isolated by Professor R.E.
Norris from algal material collected fram Rocky Bay, Natal (Grid
reference 10 10 OB, Figure 6.). The alga was isolated during part of
a lamger project on the Benthic Marine Algae of Natal and the
catalogue number NAT 1686 was assigned to it. Feldmannis sp. was
foud  growing  epiphytically on  Codicphyllum natalense Gray
(Cryptonomiaceae, Rhodophyta) . Confirmation of the genus name
Feldmannia was made using descriptions by Hamel (1939),
Fnoepffler-fagquy (1970), Clayton (1974) and Abbott & Hollenbery
(1976) .
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Figure 6,: Grid map of South Afr‘ca showing sample site.
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3.2, Qultuwre studies

3201, Stock qultures

Stock  cultures of Feldmannia sp. were placed in Repli-dishes
containing enriched sea water medium and subjected to the following
ervironmental conditions: temperature 20°C, photon fluence rate
9guEm sec”*, photoperioa of 16 hours light altermating with 8
hours of darkness. Stocks were maintained by removing newly released
germlings and placing them in fresh maditm. This subculturing was
conducted fortnig.tly. Stock algae were used for experimental and
microscopic studies.

1.2.2. Qulture media

Feldmannia sp. was cultured in ) strength Provosoli enrichment medium
(E.S.medium) (section 8.1. in apperndix) and § strength scil extract
(section 8.1. in appendix) in sterilized sea water (section 8.1. in
appendix), more specifically 10ml of P.E.S. and Sml soil extract per
litre of sterilized sea water. Two millilitres of Germanium dioxide
was  added to every litre of medium when algae were initially cultured
to eliminate the growth of diatams. Germanium dixide interferes
with silicon metabolism thereby inhibiting silicon frustule
formation. The salinity of the madium using an A/C TO refractometer
was found to be between 310-35 0/00 and the pH in the range of 8,139.

3.3, Light microscopy

A Zeiss compound photomicroscope, with bright field, Nomarski and
phase-contrast optics and a Zeiss and Olympus invertad
photomicroscope, were used during the light nmicroscope studies.
These included observations on stages in the development of the life
cycle, moasurement of filamant sizes and to check on algal
contaminants {f present.
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Specimens were photographed with the Zeiss compound and inverted
microscopes using either black and white Agfapan Professional film
(75 ASA) or Kodachrome colour film (100 ASA). Specimens were videod
on the Zeiss compound microecope with an Hitachi video attachment.

A combination of exciter filter, barrie~ filter and dichroic mirror
wore attached to the Zeiss photamicroscope to cbeerve fluorescence in
algal fiiaments treated with the optical brightner Calcofluor white
M2R, viz. exciter filter II (which transmits in the 390 - 420mm
violet ramge of the spectrum), barrier filter LP450 (which transmits
wavelengths of light above 500rmm and protects the eyes) and dichroic
mirror FT425. The arrangement of these three filters is illustrated
in Figure 7. The dichrioc filter or chromatic beam splitter is able
to reflect certair spectral ranges, while others can be completely
transmitted. The harrier filter always had the highest wavelength to
block out harmful light. Here 100 ASA colour film or 400 ASA black
and white film were used to take photographs, since a slow film was
nevessary to increase the exposure time due to the small amounts of
light emitted from the stained algae.

Figure 7,: The arrangement of filters attached to a photomicroscope
used in fluorescence microscopy .
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3.3.1. Staining techniques

Use of Periadic acid Schiff’s stain (0’Brien & McCQully 1981)
procedure shows the presence of starch and some polysaccharides of
cell walls by staining tissue red or magenta. Callose and cellulose
are not stained, while, phenolics will stain red.

Sections, approximately 1 to 2um taick, of Spurrs embedded material
of Feldmannia sp. were cut, using glass and diamond knives. The
secticns were placed in a drop of water on a glass slide, stretched
and dried at low heat.

Procecture:

Os0, was taker, out of Spurr’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 lissue elements
would display a general background stain, in addition to the desired
gpecific staining (O’'Brien & McQully, 1981), so a blocking agent was
used to avoid this, Slides were left in a saturated solution of DNFH
in 15% acetic acid, in water for 10 minutes. Completeness of the
blockade was established if a treated, rinsed slide was transferred
to a Schiff’s (eagent bath (Section 8.3. in appendix) and no red or
puarple staining ooccurred. The blockade was followed by a rinse in
running water for 10 minutes. T™e slides were placed in a 1%
periodic acid solution for 20 minutes, washed for 5 minutes, and then
placed in Schiff's reagent for 1 hour.

A transfer through ! successive baths for 2 minutes each of (,5%
sadiun metabisulfite in a '% dilution of concentrated HCL followed.
Slides were then washed in running water for 10 minutes, dried, and
mounted in DPX and covered with a coverslip.

1.3.2 . Determining the movement of dye th.ough the sporangial wall

Mature, sporangia-bearing filaments of Feldmannia sp. were placed in
a depression slide in medium. A few drops of 1% Toluidine blue in pH
buffer 4.4 were added to the medium and the filaments were placed
into fresh medium after 10 minutes. The filaments were then mounted
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on slides and covered with a coverslip and viewed under the Zeiss
Sompournc microscope

3.3.3. Calcofluor whits 2R

This stain binds to celiulose in {".- cell wall, but is excluded frum
the cytoplasm. The stain fluoresce= )jight blue when cbse) ved under
violet light and unstained areas. for mxumple areas of new growth, do
not fluoresce.

Filaments were submerged in a 0,01% agqueous solution of Calcofluor
white MR (Section 8.4 in appendix), made up in a } PES growth medium
for 20 minutes. Following staining, filaments were washed in
filtered sterilized sea water for 1 minute. The filaments were then
returnad  to their culture dishes containing normal growth medium and
left to continue growing.

Motiles released from sporangia, were left unstained, placed on a
slide and covered with a cover slip. The slide was then ocbserved
under the Zeiss photomicroscope with fluorescence attachments
emitting violet light, in an attempt to determine whether
epi-fluorescence or autofluoresence cocurred.

3.3.4.  Attachment preferences of motiles

Various surface types and shapes of algae, shell and driftwood were
used to estallish whether or not Feldmannia sp. motiles had any
substrate preference for attachment. The algae used included:
Schottera nmicariensis  (Fhyllophoraceae, Fhodophyta)- a highly
branched, filamentous form; Pterocladia Jeglossoides (Gelidiales,
Fhodophyta) - a fine filamentous fon.g Chaetomorpha  crassa
(C.Agardh)Kuetzing (Cladophorules, Chlorophyta)=- a tufted form;
Cryptonemia luxurians (Cryptonemiales, Rhodophyta)=-a dimorphic blade
and fine filamentous form; potryocladia madagascarensis Feldmann
(Rhadymeniaceac, FRhodophyta)-a swollen blade like form; and

Feldmannia sp.. These together with a shell and a piece of driftwood
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were placed in an evaporating dish with % PES and | soil extract in
sea water. FEach evaporating dish was inoculated with a large number
of motiles. The experiment was done in duplicate.

1.4, Tranmnission eler .ron microscopy

Filaments of Feldmannia sp. possessing various stages of development
»f  reproductive hodies were processed for elactron microscopy. In an
atterpt to obtain a range of the stages involved, filaments from the
same age stocks, were in some instances, enbedded dally for 3 days.

™here are essentially six steps involved before an adequate electron
micrograph is abtained:

Primary fixation.
Post fixation.
)  Dehydration.
4) Embedding and polymerization.
5)  Mrimming and sectioning.
6) Stau .
) Viewing.

™he chemicals involved in steps 1-4 are highly toxic and must be used
in a fune hood.

1)  Primary fixation

Ihis step is involved in fixing and stabilizing the proteins.

hree fixation procedures, represented as a) Pienaar (1980),b)

Clayton (197 ') and c) Oliveira and Bisalputra (1973), were initially
tollowed to abtain the best possible fixation procedure. Wwhile the
procedure *or all ) methods will be given in detail, the method of
Plenaar (1980) was eventually used for all electron microscopy.
Clusters of filaments of Feldmann.) sp. and other Ectocarpalean
species were placed into different concentrations of gluteraldehyde
(Section 8.2. in appendix) made 0 in sea water or cacodylate buffer
(section 8.2, in apperdix) with catfeine or sucrose.
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The procecwe o wking up the fixatives and the recipes of the
constituents i+ .tlined in the appendix (Section 8.2.).

2)  Post fixa’ion:

Aft.r fixation in glutaraldehyde the alga was washed for 10 minutes
either in sea water, sodium cacodylate bulfer, or sodium cacodylate
buffer in a graded series of suciose (Section 8.2. in apperdix). The
washed material was then post-fixed in 2% Osmium tetroxide (0s0O,)
(Section 8.2. in appendix) for one to two hours at room temperature.

The washed material was post-fixed in 2% Osmium tetroxide (0sO,)
for:

a)é ¢) 1 how

b) 2 hee.

)
v i . L W mavorial was by way of a grader! ethanol series:
! 10% 2guecs, othanol  for 10 minutes

1. 29% n
) ‘.In)‘ "

vi:.1l00% - for 20 minutes (x2).
+) Embedding and olymerizat
‘The material w . n.o gralcally unpregnated with low viscosity Spurrs
resin (Spurr 196%) (%ection 6.2. in appendix) by increasing the
concentration of the r ~..n ‘Secticn 8.2. in appendix).
The algal filam*s wore arranged in the Spurrs resin at the bottam

of aluni~1r embedding dishes. Fiimmerts were 1lzo placed on a slide
& frucrs o od covered with a cover o, p to make permanent slides of
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each embedding procedure. These dishes and slides were placed in an
oven and polymerised at 70°C for 15 hours. Silica gel was always
present in the oven to absorb any moisture that might slow down and
affect polymerisation.

5) Iriming and sectioning

Filaments bearing sporangia were first ocbserved under a compound
microscope, cut from the pol'merised resin blocks and glued onto
resin stubs with aralcdite adhesive. Glass knives used for both
truming and sectioning were nade on an LKB «nifemaker. Sectioning
was conducted on a Reichert-Jung Ultracut E microtame 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 trimming, the stubs were
returned to the oven overnight. Sections obtained were floated on
water, expanded with chloroform and only silver and gold sections
were picked up on 300 mesh copper @ 2port grids.

6) Staining

To improve the contrast of the ultrathin sections, positive staining
with heavy metals was carr .ed out. Drops of stain were pipetted orto
paratilm on dental wax in a Petri dish, on which the grids were
placed section side down. Two stains were used:

2% aqueous uranyl acetate (Reynolds 1963) (Section 8.2. in appendix)
for 12 mimnutes and lead citrate (Reynolds 1963) (Section 8.2. in
apperdix) for 12 minutes. Sections were washed with distilled water
betwe~n stains and after staining. The Petri-dish was covered to
eliminate light, when uranyl acetzte was used, and sodium hydroxide
pellets were added when lead citrate was being used to remove carbon
dioxide.

7)  Viewing
Sections were viewed on either the 100S or 100C Jeol transmission
electron microscpe, operating at 80 KV. The spot size was

occasionally adjusted to prevent break-up of very thin sections.
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Enbedding procedure for motiles

The procedure for embedding motiles released from plurilocular
sporangia is different to that for the intact filaments, due to the
motiles small size. Only those procedures different to those listed
for the filaments, will be described.

1) Eixation

Zoospores of Feldmannia were micropipetted from the medium just after
they were released from the sporangia. 9,5ml of culture medium
containing zoospores was aaded to 0,5ml of 25% gluteraldenyde in a
tapered centrifuge tube and thoroughly mixed. The fixation time
ranged from 1 to 8 hours at room temperature (20°C).

After fixation the gluteraldehyde soiution containing fixed motiles
was centrifuged for 5 minutes at a low speea and 10 minutes at a high
speed to concentrate the cells into a pellet. The material was given
J washes in sterile sea water for 10 minutes each taking care not to
resuspernd the pellet.

2) Post fixation

Te pellet was post-fixed in a 2% Os0, solution in sea water for 1
hour at roam tamperature. The pellet was resuspended in the OsO,
solution to ensure a uniform post fixation.

After 1 hour a few ml of sea water was added and the solution plus
cells was again centrifuged. The material was washed three times in
sterile sea water.

) Dohydration

The same procedure was used as outlined for intact algal filaments.
4)  Erbedding and Polymerisation

The material was gradually impregnated with Spurrs resin (Section
8.3.1. in apperdix).
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The pellet in the 100% Spurrs was placed in aluminium embedding
uwishes ard —olymerised at 70°C for 8 to 10 hours.

Trimming and sectioning of polymerised blocks and staining and
viewing of sections followed the same procedure as that of the
filaments.

1.4.1.  Negative staining

Filaments bearing mature plurilocular sporarngia were placed in
hanging drop slides and flooded with fresh medium. Once motiles had
been released, the filaments were removed from the slide leaving a
small amount of medium containing motiles beh‘nd. Using a syringe
same of this liquid was sucked up and drops placed on formvar coated
grids. These grids, plus the cel. suspension, were then ocsmicated for
10 seconds. The grids were then allowed to dry on the lamina- flow
bench for approximately 20 minutes. Distilled water was then placed
on the grids to dissolve the salt crystals. The water was drawn off
with dental absorbent fine points. Grids were washed 3 times and
allowed to dry.

Preparations were stained for 20 minutes using pre-filtered, 1%
aquecus uranyl acetate. Once again the grids were washed 1 timas
with distilled water and the excess ater drawn off using a dental
abscrbent fine point Grids were viewad on the 1005 Jeol
transmission electron micruscope at 80 KV.

3.5.  Scanning electron MiCTOSCODY.

1) Ebation:

Zoospores were allowed to settle on glass cover slipe in media and
placed in 1 part €% gluteraldehyde to 9 parts sterile sea water

solution in a Petri-dish to maintain the correct orientation. All
the material was fixed for 24 hours at roam temperature.
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