The material was carefully given 2 washes, 10 minutes each, in
sterile sea water.

Two methads for removing water from the material were employed:

a) Air<drying: The glass slides were placed in a desiccator for 24
hours.

b) Critical point drying: specimens were taken through a dehydration
series in ethanol as outlined for T.E.M. Once in 100% alcohol the
material was covered in paper envelopes and placed in wire mesh
baskets, which in turn are placed in the critical point dryer.

The critical point of the liquid carbon dioxide occurs at 1072
pde/sq. inch at 11°C.

1) Mounting:

The samples are ‘*hen returned to a desiccator and then maunted with
colloidal graphite or cellotape on the polished surface of a stubb.

4)  Coating:

Stubs with specimens were coated with 20rm ! gold and viewed with a
Jeol JSM 840 scanning electron microscope.

Feldmannia sp. was subjected to 4 treatamnts; photoperiod,
terpurature, photon fluence and light quality. For all treatments
cultures were sat up in the following way (Figure 8.):

Readings for each treatment were taken every J-4 days using an
Olyrmpus  inverted microscope. The following parameters were

recorded: i) The number of cells per filament.
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i1) ‘The first appearance of sporangia.

iil) T™he numbers of immature, mature and empty sporangia.
The number of cells was ocounted until the tirst sporangia were
formad. Further counting was considered too subjective since
filaments obscured other filaments. Twenty-four readings were
recordad from each Repli-dish. The number of readings was found to
have standard errors within 10% of the mezn for most treatments. All
exeriments were duplicated and in same instances triplicated. Since
the effect of treatment on cell numbers and sporangia numbers was not
constant over time, analysis of variance on all data would be
meaningless. An indication of the differences in response between
treatments could be obtained by way two way analysis of data
collected on one day. ihe day where the difference between
treatments was greatest, taken to be the last day of experimentation,
was used. T™e results were stotistically analysod using Duncan’s
miitiple mnge test and qualitative changes during development under
the various treatments was recorded photographically.

J.6.1. hotoperiod

Repli~dishes containing imotiles were placed into one of six
specialized photoperiod bores (Figure 9.). Each box was fitted with
a light and dark cycle timer and maintained constant temperatures of
20°C by mmans of fans. Thermometers in the boxes enabled constant
checking of the temperature. Illumination was achieved with
flucrescent tubes with photon fluence rates of 19uBm 2sec”.

Thesc boxes were set at a range of light/dark cycles; 18L:6D, 6L: 18D,
12L: 02D, 8L:7,5D:1.5L:7D, 14L:10D, & 10L:14D.

Readings were taken during the light phase of every light/dark cycle.
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STEP 1 STEP 2

Plurilocular sporangia bear'ng within 2-4 hours motiles
filaments were placed in medium ware released from sporangia
in a hanging drop slide. and adult filaments removed

T

STEP 3 STEP 4
Medium containing motiles A few drops were placed into
was sucked up with a syringe. each campartment of a Repli-

dish, the base of which was
ma «d with a 1m? grid to

ensure that the same g rmlings
' culd be located again.

STEP S

dnl of medium was added to each
ocompartment and the Repli-dish was

| = —

Figure 8.: Proceedure for setting up Qultures for aoerinents.
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F-Fan R-Repll dish T-Tharmomater

L=Cool Nourascent light

Figqure 9.: bxes used for photoperiod treatments.

1.6.2. Torperature

Labcon growth cabinets were set at 10°C, 15°C, 20°C, 25°C, 30°C &
15°C reuspectively. Poton fluence rates in the growth cabinets
ranged from 20 to 27Bm ‘sec”). The photoperiod for each cabinet
wos  14L:10D, which was selectad since to is thought to resemble
light/dark cycles most ocomonly experienced off the Natal coast.
Fossible fluctuations in termperature in the growth cabinets ove~ a 24
hour period, was monitored with tenperature hydrographs for a week.
It was evident that slight fluctuations on either side of an average

tarperzture occurred. (Figure 10.).
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Flgure 1€ @ Terperature fluctuations over a l% day pericd ip
an_envireomental cabinet set at J0°C.
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Heat from the fluorescent tubes causal a gradual increase in
temperature during the light period and when switched off the
temparatures dropped, only to rise again during the next light
period. Since this phencmenon was apparent in all of the growth
cabinets, uniformity of conditions between treatments was thought to
be maintained.

1.6.3.  hoten fluence

A range of photon fluence rates were cbtained by placing Repli-dishes
under different fluorescent light source oambinations in a growth
cabinet. The cabinet was set at 20°'C with a 16L:8D light/dark
cycle. Fluctuations in temperature were recorded on a thermometer
and temperatures never exceeded 2°C above and below 20°C.

ne Repli~dish was placed at l4uBm “sec”! and ancther at
dEn ‘sec™), using a single point light source. A third Repli-
dish was subjected to light on three sides at 114uBnm ‘sec”!,
Since in the last instance, more than one light source was used, each
photon  fluence reading reflects an average of readings taken in 6
directions, above, below and on all sides. An attempt was made to
place the FRepli-dishes sufficiently far away from the light source,
50 that discrepancies in temperature were reduced. One Repli-dish
was placed in the dark.

As can be seen, the photon fluence and photoperiod were measured in
separate experiments and use of the Mean Daily illuminance formula
Jdiscussed in the literature review was not made. Mean Daily
illuminance units would prove useful where the cambined effects of

photoperiod and photon fluence on growth and reproduction are
tested.
3.6.4.  Light quality

e spectral quality of green, blue and red celloghane viper was
moasured with a Varian, virible-light spectrophotameter (Figure 11.)
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and foud to resemble that of green, blue and red light.
Repli-dishes containing zoospores were wrapped in this cellophane and
placed on the same shelf in a growth cabinet set at 20°C with a
16L:8D. The temperature was constantly monitored and found never to
exorad 3°C above and below 20°C. The photon fluence from a single
source was 90 ABm ‘sec”! and tle transparency of the different
colours of ocellophane papar was relatively uniform. Since the
cellophane is transparent, it was possible to take readings without
renovin  the cellophane. A Repli-dish, without cellophane was placed
alongside those with cellophane as a control.

166 o,

1.26

b P
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IV, BESULTS

4.1, Light microscope observations

Feldmannia sp. was originally found growing epiphytically on its host
Codicphyllum  natalense  (khadophyta, Cryotonemiacese) . Since
Feldmannis sp. has not .n relocated in the field, its epiphytic
nature has not been confirmed.

Feldmarnia sp. is a tufted, fine filamentous algae, ranging in height
trom 2-4mm  (Plate 1 fig.2.). It most cammonly oocurs in clusters:
each cluster coprising a mmber of intertwining plants.
Associations of the algae to form a contimuous covering on surfaces,
makes it difficult to ascertain the limits of one individual plant.

Tree rormphological  regions are recognised: the first formed,
horizontally-spreading, prostrate region, consisting of barrel shaped
cells: an erect region of filaments that arise at irregular intervals
from the prostrate region and multioellular rhizoids, which also
arise from the prostrate region in an opposite direction of growth to
the erect filaments (Plate 1 figs.2.& )., Figure.12).

The first cell formed in an erect filament is commonly larger and
rore rounded in shape than the other filament oells (Plate 1
fig.).). Meristamatic cells, found near to the prustrate region, are
sqpare in shape when viewed from the side, while the mcre distal
cells are rectargle in shape (Plate 2 fig.2.). Both the prostrate
ad erect rogions are irdeterminate in growth but the erect regions
appear to grow more profusely.

™he cytoplasm in all three regions possesses a central nucleus and
peripheral chloroplasts. (hloroplasts in the prostrate cells are
more  abundant  and dic oid in shape, unlike t'ose in erect filaments.
Hooe chloroplasts are sparse, particularly in the distal cells, and
oval in shape., [yrenoids associated with “he chlorrpiasts, as well
as  cytoplasmic strands holding the nucleus in place in the centre of
the cell, are evident in some cells (Plate 2 fics.).~5.: Figure.12).



filament. Cwchlorcplast, Cy=cytoplasmic strand,
lerucleus.

reldmannia sp. rhizoids would, in an epiphytic association provide a
moans of attachment to the host without actually penetrating host
tissue. Occasionally the rhizoid tips branch to form plug-like
structures (Plate 1 fig.4.).

The prostrate and erect regions give rise to plurilocular sporangia
W a mmber of localities along the filaments; directly on the
prostrate rugion (Plate ) fig.1.): be'w a meristematic region of an
erect filament (Plate 1 fig.2.): at the tip of a short erect filament

(Plate 1 fig.2.) and below secondary meristematic growth regions on
erect filaments (Plate 1 fig.l.).

Sporangium form appears to vary within the lifetime of a single
irdividual  plant, T™e first formed sporangia are long, narrow and
rapering (750-84Qum in length) and develop below meristematic regions
it the erect filament base. In more mature algae, erect filaments
may become meristamatic at the more distal ends. Sporangia produced
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in t.ese regions are camparatively . ,rter in length (240um), more
pair-shaped and produce fewer motiles. The angyle from the point of
origin is also wider in these smaller sicrangia. The attachment to
the filament may be either sessile, or by a subtending cell (Plate 3
fig.4.).

4.1.1. Growth of cultures

Subcultures of Feldmannia sp. were grown and maintzined in culture as
outlined in the materials and methods. After an initial lag phase in
which the plants were adjusting to culture conditions, the growth was
very rapid. Very rarely, cortamination by a colourless unicellular
algae and bacteria was cbserved, but this did not appear to irterfere
with the growth of the cultures.

Serescence was accampanied by a bleaching in the colour of the
plant. It was possible to restore the growth of those filaments with
a small trace of brown colouration by placing them into fresh medium,
but once the filaments become clear, senescence was irreversible.

4.1.2. Development and reproductive differentiation

The “ime taken frum settlement of 2zoocespores to the production of
sporangia on mature filaments, is between 14 and 17 days, when grown
at 20°C, at light intensities of 10QuEm™?sec™ and &t A 1°T:GD
cycle. Unipolar germination of the 2zoofpores (s e..dent
approximitely 24 hours after release (Plate 4 figs.1.-9.) and the
first formed cells are thought to constitute the prostrate region
cells. There is a gradual increase in cell number until after 4-6
fays an « ¢ filament is produced. Rhizoids are not produced until
much later indicating that some form of adhesion, possibly chemical,
must be responsible for acttaching the germlings to the substrate.
The original zoospore cell is slightly larger and more rounded in
shape than the ne.ly formed cells and is always in evidence durirg
the early stages of development. Occasionally the pattern of early
sporel ing development appears to resemble that of Feldmannia qlobifer
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(Kutz) Hamel (Clayton 1974). Here cell elongat ‘on occurs on either
side of the origim! zoospore cell, giving ris« zo the prostrate
region in one direction and the rhizoids in the other.

A number of stages in ti.y development of the sporangia were
observed. Initially a vegetative cell produces a slight bulge to one
side of the cell (Plate 5 fig.l.). The bulge increases in size and a
croes wall separating it from the vegetative cell is formed (Plate S5

fig.2.). Until now, sporangium development resembles vegetative
filameni. production. ™e bulge increases in size by a ser. s of
parallel « .. perpendicular divisions giving rise to a number of

abical locules (Plate 5 fig.4.). A subtending cell which does not
undergo any vertical divisions is row in evidence. Further vertical
and horizontal divisions take place o'd e sporangium increases in
size (Plate 5 fig.5.). At maturity (Plate 5 'ig.6.) red eyespots
are evident in the cells within each locule. The ~sporangia do not
have a set number of locules and there may be from 68 to 40) 1 1lew
per sporangium. The final stage is reached when the zoospores i..e
been released from the sporangium and only an empty sporangial case
remains (Plate 6 figs.l1.& 2.).

Joospore release from the sporangium lasts from 4 to 7 minutes. The
tip of the sporangium begins to ‘ulge (Plate 7 fig.l.) and finally
ruptures releasing a group of zoospores through a pore at the tip of
the sporarngium (Plate 7 fig.2.). The zoospores are surrounded by
micilage and remain stationary at the tip of the sporangium for a
short period, before actively swimming free (Plates 7 & 8
figs.3.-10.). The zoospores continue to exude out of the sporangium
in single file, moving up fram the more basal loculi (Plate 8
figs.9.-15.), until no more remain (Plate 8 fig.16.). The release of
zoospores from a sporangium can be viewed on the attached video tape.

The movement of the zoospores is erratic more specifically, they tend
to swim in a straight line but stop when they came into contact with
another zcospore or a filament. One they have moved around the
cbetacle, they continue in a more or less straight line and remain
motile for up to 2 hours before setlling onto the substrate. The
zoospores are positively phototactic and favour settlement near the
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light source. Zoospores released in a Petri-dish partially covered
with tin foil sectled mostly in the uncovered region.

Ohservations of the settling patterms of zoospores revealed that in
addition to settling at the bottam of a Repli-dish, zoocpores often
settled on adult filaments (Plate 9 fig.l.) and on one another (Pla
9 figs.l.-4.). The result of zoospores settling on top of one
another, was bands of free floating germlings on the surface of the
madium (Plate 9 figs.2.& 3.).

An attempt was made to deterrine whether Feldmannia sp. zoospores
preferred settling on their own adult filaments, or those of other
algae or even other surface types such as shells and driftwood. In
this experiment, the zoospores appeared to have no particular
substrate preference and settled on all the different algae, the
Ariftwood, the shell and the base of the glass culture dish (Plate 10
figs.1.-). & Plate 11 figs.4.-7.). Similar results were cbtained
when the experiment was repeated.

Following settlement, the zoospores attach themselves to the
substrate. The fact that the rogh critical point drying treatment
used for scanning electron microscopy failed to dislodge zoospores
attached to a glass slide, indicates that they are firmly attached to
the substrate. The nature of the adhesive used for attachment was
not determined, however, the copious amounts of mucilage associated
with settled zoospores (Plate 29 fig.2) may form the means of
attachment .

4.1.3. Determination of reqgions of cell elongation

The optical brightner, Calcofluor White M2R binds readily to the
cellulose in the cell walls of Feldmannia sp. filaments and
flucresces brightly, giving off a light blue colour, under violet
light. Chloroplasts exhibit autofluorescence under viclet light and
appear red,

A cluster of germlings viewed directly after staining (Plate 12
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fig.1l), showed uniform uptake of Calcofluor M2R. One day after
staining, the same cluster (Plate 12 fig.2) showed new growth and a
large number of chlormplasts, which appear red, towards the centre of
the cluster.

Mature filaments took up the optical brightner uniformly ard
fluoresced orightly under violet light (Plate 12 figs.3.& 5.). lLarge
wumbers of chlcroplasts in the sporangia (Plate 12 fig.3.) and in the
prostrate regions (Plate 12 fig.5.) detracted from the fluorescence
in these regions. The cruves walls of erect filaments fluoresced more
than the surrounding filament portions, indicating concentrations of
cellulose (Plate 12 fig 4.). One day after staining, buds developing
on pmetrate cells were visible (Plate 12 fig 6.). These buds did
not fluoresce and were rich in chloroplasts. Three days after
staining, ocell elongation was evident at the base of erect filaments,
where fluorescence was markedly reduced (Plate 13 fig.7.). From
these meristematic regions large mumbers of newly formed sporangia
were evident (Plate 12 fig.8.).

The lack of fluorescence on either side of a fluorescent cell in the
prostrate region, indicates yet another grr—eth region (Plate 13
fig.9.). The distal ends of erect filaments a.so appeared to be
capable of new growth and chloroplasts are concentrated at the tips
(Plate 13 fig.10.).

Evidently there are four sites of cell elongation; the base of erect
fil'ments, higher up on erect filaments, on prustinte cell regions
and distal ends of erect filaments. The lattar growth type is
apical, while the cther three are intercalary.

Unstained motile cells observed under the violet light excitation
filter, were extremely dark and difficult to see, even at high
magnifications. Slight red autofluorescence of Jhloroplasts was
detected within the motile cell. There was no autofluoresence of the
flagella.
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4.1.4. Staining of carbohydrate in sporangia

The ocell walls surrounding sporangia and between loculi were stained
pink by Schiff Periodic acid, indicatin, the locality of carbohydrate
material (Plate 14 figs.l.-4.). A thin layer of cytoplasm, adjacent
to the cell wall, in the region of the matrix, also stained lightly
(Plate 14 fig.l.). However this detail is not evident in the other

photographs.

4.1.5. Detemmining the movement cf dve through the sporangial wall

The blue oolouration of motiles within sporangia of Feldmannia sp.
indicated that the sporangial wall is semi-permeable to Toluidine
blue. The vegetative portions of this alga were also stained blue,
however, whether these .Jegions are sami-permeable or not is not
known.

4.2. Electron microscope cbservations

An important feature in interpreting sections is determining the
plane of sectioning. With regards to the sporargia, the section
plane ocould be determined with a high degree of certainty due to the
shape of the sporangia and the orientation of embeddexi sporungia
before sectioning. Establishing the plane of sectioned zoospores was
possible by cbserving the outlioe of the cells and the orientation of

organelles within each zoospore.

4.2.1. Ultagtructure of the vegetative thallus

longitudinal sections through different regions of the thallus reveal
the essential features of vegetative cell ultrastructure in
Feldmannia sp. (Plate 15 figs.l.-4.). Few differences between the
various vegetative regions exist., The shape of the cells in section
is moe or less rectarglular, with the shortest wall being the
adjoining, cross wall. The exception is the meristematic cell (Plate
15 f19.2.) which is also rectangle, but here the longest wall
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constitutes the cross wall of the cell.

T™he bulk of the cell volume is made up of a large vacuole, containing
spherical bodies of graruiar and fibrillar material. This material
may const’ tute cytoplasmic strands which hold the nucleus in the
centre o. the cell in place. The cytoplasm is restrictad to the
periphery of the cell ami to a thin layer around the nucleus in
prestrate, subtending sporaigia and erect cells of the filament,
while in meristematic rejions, greater amounts of cytoplasm surround
the nucleur,

The nuclei are usually spherical in section (Plate 15 fig.2.),
however this is not evident in the more cblique sections of the
prostrate region (Plate 15 fig.J.) am erect region (Plate 15 fig.4.)
where on' portions ot the mcleus have been sectioned. The nuclei
are approximately (J-4m) in size and contain a centrally placed
nucleolus. Each nucleus is surrounded by a double nuclear envelope
and is often associated with dictycsomes. Large numbers of
dictyoscmes are evident around the mucleus of the meristematic cell,
The general morphology of the mitochondria agrees with that already
described from other brown algae (Bouck 1965, Oliviera & Bisulptura
1973, Russell 1974).

The elliptical chloroplasts are restrictad to the pariphery of the
cell and orientated paraliel to the long axis ol the cell. Pyrenoids
are found in close proximity to the chloroplasts. Other organelles
founrd near to the chloroplasts are mitochordria and endoplasmic
reticulum, which are not easy to resolve at these low
magnifications. Spherical, electron-dense, camicphilic bodies are
also evident in the cytoplasm. They ooccur in noticeably larger
amounts in the cytoplasm of the prostrate cell, than in the other
cells. It is not known whether this is always the case.

The cell wall is fibrillar in nature and thicker in the subtending
sporarngial cell wall than in other regions. This could possibly be
due to the plane of sectioning. Plasmodesmata are evident in the
oell walls betwean two adjoining cells (Plate 15 fig.l.).
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4.2.2. The Ultrastructure of zoospore production

A number of stages in the development of the sporangia and associated
soospores  (used synonomously with motile oells) were identified at
the light microscope level (Plate 5 figs.1.-6.). An attempt was made
at examining the ultrastructure of these various stages and each will
be discussed in tumm,

In the early stages of zoospore production, divisions occurred mostly
parallel to the long axis of the vegetative cell (Plate 16 fig.4.). A
large, central nucleus, with nucleolus daminates the cytoplasm (Plate
16 figs.1l.,2.6 4.). The mcleus has a granular appearance, since it
is rich in NA and is surrourded by a double nuclear ervelope.
Numerous  dictyosomes, are found alongside the mucleus (peri-nuclear)
and it is unsure whether the forming or mature face is closest the
the nuclear emvelope, since vacuoles are evident budding from either
side of the dictyocsame (Plate 16 figs.l.& 2.). Numarous spherical
inclusions are evident adjacent to the mcleus (arrow, Plate 16
£ig.2.). These appear simil»>: 7 nature to the larger d'ctyoscmal
vesicles. Strards of ondoplasm:. reticulum, extending into the
cytoplasm are also found within close proximity to the mucle:s,

The cytoplasm (s also granular and probably rich in RNA.  *merous
small vacuoles, many containing fibrillar and granular mater. .! are
foud within the cytoplasm. large, inclusions are oftan assoc..“ed
with these vacucles and may ooccupy a large portion of the total
volume of tre vacucle (Plate 16 fig.l.). The chloroplasts, ooccurring
at the oeil periphery, the mitochordria, pyrenoids and cemiophilic
bodies also oocur in the cytoplasm, While the relative sizes of the
these orgarelles may vary with the age of the developing zoospore,
the ultrastructrural detail of these structures does not vary with
age and this detail will be examined at a later stage.

At the ’intermediate’ stage of development, the nucleus coaupies a
large proportion of the total cell volume and mutlear pores in the
nuclear envelope are in evidence (Plate 17 figs.l.& 2.). The
mucleolus s not  always centrally placed, but may occur towards the
odje of the nucleus (Plate 17 fig.l.).
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The size of the chloroplasts (Zum by 0.6um) has increased from the
previous stage and genophores, represented by lighter regions at the
poles of the chloroplasts, ooccur. The vacucles now oooupy a
relatively small proportion of the cell volume. The cytoplasm
appears to have pulled away slightly from the cell wall, resulting in
a space on either side of the cell wall. This cavity contains
mmerous  glabules «ich may either be remains of cytoplasmic
material, products required for cell wall formation, or possibly even
an artifact.

NMmerous perpendicular and parallel divisions have taken place,
giving rise to many cubical and rectangle locules (Plate 17 fig.2:
Plate 18 fig.l.). The surrounding sporangial wall comprises a dense
and lesn uense fibre layer and (s far thicker than the cell walls
between loculi. No pleasmodesmata between adjoining loculi are in
evidence.

At maturity, sporangia contain large rumbers of locules (Plate 19
fig.1.). T™e newly formed coell walls, associated with the most
recent oell divisions are thinner than the older cell walls. There
is no set patterm of oell division, however, ’‘compartments’,
separated by older, thicker cell walls and containing approximately 8
cells are evident.

A nmmber of ultrastructural changes take place in the mature
sporangium., The oell contents shrinks further away from the cell
walls, leaving, in some instances, large spaces on either side of the
call wall, containing granular material. Flagella in every locule
are in evidence for the first time, and the chloroplasts contain
intraplastidial eyespots. Osmicphilic bodies are in greater
aburdance than in the previous stages.

Just prior to release, the zoocspores round up and the cell wall
material becomes very thin, possibly indicating a breaking down prior
to release (Plate 19 fig.2.). At this stage mitochordria are
abundant in the zoospores.
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Detail of a mature locule (Plate 20 fig.l.), reveals paramural bodies
in the space left by the contractirg cytoplasm. These hodies may
consist of many concentric membranes, or altermatively a mumher of
membranes are loosely arranged within a surrounding membrane (Plate
2) fig.3.). It is uncertain as to whether these parzmural bodies
wcur  inside or outside the plasma.emma. The occurrence of fibrillar
and granular material within the space left by the centracting
cytoplasm may indicate that it constitutes a matrix.

Once again the nucleus {s centrally placed (Plate 20 fig.l.) ad
possess distinct nuclear pores (Plate 20 fig.).). A large stalked
pyrenoid extends from the chloroplast (Plate 20 fig.l.). The
mitochondrion (Plate 20 fig.2.) is elongated to ovoid in form ad
surrounded by a double membrane, the inner of which forms tubular
cristae, which have slightly constricted bases. The cristae are
mumerous  and closely packed in the lumen. The peri-nuclear,
dictycscmes (Plate 20 fig.4.), are orientatec with their forming face
closest to the mnuclear envelope and the mature face furthest away.
Many vacuoles oocour in association with the mature face. In mature
sporangial cells these wvimuoles contain fibrous-like substances
(Plate 21 figs.l.& 2.), similar to the fibres located in the matrix
surrounding the cell.

Chloroplast structure varies little between the different stages of
zocspore production (Plate 22 figs.l.~7.). The thylakoids ‘re
arranged  in grogps of threes and run parallel to the long axis of the
choroplast., Occasionally single lamellae interconnect lamellae bands
(Plate 22 fig.6.). A girdle lamellae, within the struma, encircles
the rim of each chloroplast. Distinct light regions at the
chloroplast poles dencte areas of [NA accumulations or gencphores and
ribcecmes also contributes to the granular appearance of the strona
(Plate 22 fig.7.). Small ocemiophilic bodies are located in the
chloroplast stroma.

The pyrenoid, having a uniform, . wvalar agpearance, is attached to
the chioroplast by a narrow stal. ®late 22 figs.2.& u.), ad
generally protrudes towarts the we' . s the cell. The chloroplast
and pyrenoid are surrounded by the chlomplast envelops arxl the
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chloroplast endoplasmic reticulum. while the stalk is not always
evident, the presence of the endcplasmic reticulum and chloroplast
ernvelope around the pyrenoids, shows that they do in fact form part
of the chloroplast. The chiorvplast endoplasmic reticulum is closely
appressed to the chloroplast on the side furthest frum the nucleus,
but on the opposite side this membrane, comes away from the
chloroplast envelope and forms a space. This space contains numerocus
merbrane profiles.

Fyespots are visible in the chloroplasts of matuwe sporangial cells
(Plate 22 figs.4.& 5.). Each eyespot is camposed of a single layer
of lipid-like globules and appears to cocur in a depression on the
side of the chloroplast, often in close proximity to the flagella
(Plate 22 fig.4.).

Lysosomes, containing many smaller vesicles, same electron-cdense, are
evidest  in the cytoplasm of relatively mature sporangial cells (Plate
23 figs.l.& 2.). Occasionally these were found closely appressed to
cell walls and may play a role in cell wall formation. The
surraurding cytoplasm is very gramular (Plate 23 fig.4.). Paramural
bedi . (Plate 23 fig.3.), in this instance, ooccur extermal to the
plasmalerma.

A nurber of stages in the development of cull walls i3 recognised.
The order in which they <re discussed may not be strict’® =
since these observations were made at rand™m, us of
sporangia of different ages.

Initially a thin layer of cell wall material s deposited
perperdicularly to the older, existing wells (Plate o4 fig.l.).
later, the vacuoles on either side of the developing wall become
evident Mate 24 fig.2.) and are free of any inclusions. Numerous
smaller uoles appear to be in close proximity to the dictycsome
and it ot clear whether or not these are precursors of the larger
vacuoles. Two larce nuclei, with nucleoli in exch adjacent cell are
evident, At this stage, the developing ce.l wa.l is not entire, but
sogaented  in parts (Plate 24 fig.4.) and membrunous in nature. At a
seemingly later stage of development, vac:les decrease in size and
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globular material is deposited in the region of the developing cell
wall (Plate 24 fig.l.). Mitochondria are located close to the
leveloping cell wall at all stages. In some instances vacuoles rich
in fibrous-like substances apparently released their contents near
the region of cell wall toimation (Plate 25 figs.l.& 2.).

The glatules evident in earlier stages of cell wall development are
in evidence on one side of the locule wall (Plate 26 figs.l1.4& 2.) ad
a mature sporangial wall (Plate 26 fig.6.). Mature sporangial walls
(Plate 26 figs.).& 6.) are cagposed of . number of fibrous layers,
which may be laid down parallel or perpendicular to the long axis of
the ce.l and may be tightly or loosely woven. As many as 4 layers
wore evident (Plate 26 fig.6.). Unlike these outer sporangial walls,
the Jocule walls are camposed of a single layer of fibres, laid down
in a haphazard fashion (Plate 26 figs.l1.,2.4 ).). Plasmodesmata
aoour between subtending spwiangia cells and mature locu'es (Plate
26 £ig.4.) and between adjacent vegetstive cells (Plate 26 fig.5 ).

At an ‘interrediate’ stage of zoospore formation, a centriole and
associated microtubular root system, the first signs of flagolia
formation, were evident (Plate 27 fig.l.).

In mature sporamgia, flagella develop in separate flagellar vesicles
Which are confluent with the matrix as they contain matrix-like
glatxiles and fibres (Plate 27 fig.2. & Plate 28 fig.l.). In section
the “lagella often oocur in groups of three within th~ flagellar
vesicle. It is thought that the flagellar vesicles are external to
the plasmalemma, since in many sections the flagella are not enclosed
in the cytoplasm., The flagellar vesicle cavity, appears to be filled
with gramules and fibres, similar to that fourd in the matrix.

™wo types of flagella are produced; a smooth flagellum and a whiplash
flagellum bearing mastigonemes (Plate 27 fig.4.). The amooth
flagellun is often more closely appressed to the cytoplasm than the
tirsel flagellum (Plate 27 fig.).). Sections through the tinsel
flagella reveal that during zoocspore developmant, mastigonemes emerge
from one side of the flage.ila only (Plate 28 fig.).). The 9
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& 2 arramgement of microtubules, characteristic of most flagella, is
present in the flagellar shaft weqgion (Plate 28 fig.4.).

™he region of ilnsertion cf the flagella is thought to be samewhere
between the nucleus and the chlor-plast (Plate 27 fig.6. &
Flgure.5.), however, this was not clearly established. The
intraplastidial eyespot (s also thought to be associated with this
insertion region (Plate 27 fig.). & Figure.5.).

4.2.7. The uwltmstructure of the Z0OSpOres

Little detail of zoospores structure can be resolved at the level of
the light microscope (Plata 29 fig.4.). Only the mucleus ard
flagella can be seen at this magnification.

he pnosence of te) flagellu per zoospore was confirmed by negatively
stalred zorspores (Plate 29 fig.l.). Neither of the flagella had
mastigonevs and “hese were probably lost during specimen
preparation. An  impression of the possible arrangement of
mastigonemes on the tincel flagellum is evident in Figuwe 13. The
flagella erwrged laterally, half way along the side of the zocospore.
T™e tip of the shorter of the two flagella, had a thinner extension,
which ocould be an acronema, although the possibility of an artifact
here cannot be ruled out.

Scarning electron nicrographs of zoospores (Plate 29 fig.2.) showed
the presence of rod-shaped bPacteria attached to the surface of the
zoospore . Larger rod-shaped bactaria were present in the mucilage,
thought to be a different mucilage to that exuded from the =porangium
at the time of zoospore release. It is clear that zocspores attach
to the substrate by their narrower, anterior ends.

The ultrastructure of the zoocspore (Plate 29 fig.). & Figure 11.) is
not unlike that of mature sporangial cells. Once again the nucleus
is centrally placed and surrounded by a double nuclear membrane,
[cusessing pores (Plate 10 fig.l1.). BEndoplasmic reticulum is found
in close proximity to the nucleus. Two large chioroplasts each with

6]



Figure 13.: Diagramatic representation of the arrangement of

organelles of a Feldmannia $p. ZQOSpOre.

(Flagellar roots have been amitted and the helical
arrangement of the mastigonemes on the tinsel flagellum

is based on assumption only.)
B= Eyespot, ER= Fndoplasmic reticulum,

F= Flagellum, G= Golgi, M= Mitochondrion,
O= ocamiophilic body, P=Pyrenoid,

C= Chloioplast,

N= Nucleus,

V= Vacuole.
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stalked pyrenoids (assumed) are located in the basal region of the
zoospore. The eyespots (Plate 30 fig.3.) are in close association
witr the flagella and the tinsel flagellum is located in a slight
depression of the zoospore. The orientation of this micrograph is
upside down, since the tinsel flagellum is usually located higher up
than the smooth flagellum. The anterior region of the zoospores
contains vacuoles (Plate 29 fig.3.) and a tangential section through
this anterior region reveals an abundance of mitochondria
interspersed in the vacuoles (Plate 30 fig.2.).

The blebs and bulges extending from the plasmalemma around the
zoospores are probably related to a fixation artifact.

Cell walls form rapidly around settled zoospores (Plate 31
figs.1l.-4.), which are once again shown to attach to the substrate by
their anterior ends (Plate 31 fig.4.). The cell walls appear to be
slightly thicker at this region of attachment. The vacuoles occupy a
large portion of the cell volume. Unusual bone-shaped, paramural
bodies were evident inside the cytoplasm and alongside the cell wall
(Plate 31 fig.3.).

Feldmannia sp. was found to be a good system for experimental
studies; it grows quickly, it is small so that a large number of
plants can be used per treatment and it has clearly defined cells
that can be measured with relative ease.

The percentage gurmination of zoospores in each experiment was
approximately 99%, with the exception of those zoospores which
remained inactive in extreme envirormental conditions. The
occasional presence of a oolourless flagellate contaminant in very
few of the Repli-dishes, did not appear to influence the growth and
development of the plants.
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Growth followed a general trend in all of the environmental
corditions tested. Initially there was a lag phase, lasting
approximately 6 days, during which the alga established itself in the
new culture medium. Thereafter, growth was rapid until finally a
growth plateau (or stationary phase of growth) was reached.
Reproduction occurred during the rapid phase of growth. The time
taken to became reproductive and then reach a plateau depended on the
environmental variable. No unilocular reproductive structures were
ever formed during the cource of this investigation.

The results of each experiment are recorded graphically
(Figs.1l4 -17cC). The total number of sporangia, recorded on the last
day of experimentation, is tabulated as an insert on each graph. The
low numbers of sporangia on these tables is to be expected in view of
the number of samples recorded. An arrow indicates the first
observation of a reproductive phase. However, since readings were
only taken at 2,3 or 4 day intervals, the number of each type of
sporangium, no yy immature, mature and empty, may provide a better
indication as to which plants became reproductive first. Here we
assume that the plants with the most empty sporangia, were the first
to become reproductive.

Te time in days is recorded along the X-axis and the growth as an
increase in mean cell number along the Y-axis. [Letters of the
alphabet above readings on, usually, the last day of experimentation
reflect the significance of variance for each treatment according to
Duncan’s grouping test. Means with the same letter are not
signif.cantly different while different letters show significant
differences at the 0.0l confidence limits. For example, the value at
letter A is significantly different from the value at B, while A is
not significantly different to another point A.

4.3.1. Photoperiod

In essence the longer the day-length, the sooner the alga become
reproductive (Figs. 14a & 14b). The light/dark cycles of 18L:6D,
14L:10D, and 12L:12D were first to become reproductive and had
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greater numbers of cells than the shcrter l.ght/awk cycle
treatments. More specifically, while in Fig.l4a the 18L:6D
light/dark cycle was first to produce sporangia and had the greatest
effect on the mean cell number average, in Fig.l4b, 14L:10D apyeared
to be the most favourable nhotoperiod for growth. Both of these
treatments had high sporangial numbers. By looking at the numbers of
empty sporamgia in Fig.1l4b, it seems possible that 14L:10D was the
first treatment to become reproductive.

None of the short day treatments in Figs.l4a & 14b viz. 6L:18D,
10L:)4D and BL:7,5D:1.5L:7D became reproductive even after 27 days.
However, when these Repli-dishes had the wnxdia changed and were
placed in conditions of 12L:12D, they all became reproductive within
) days.

™The mman cell mumbers and the age of the filaments at . ich
reprocuct ion  cocurred,  appeared to vary between repetitions of che
sawm eperiment (Figs.l4a & 14b). In Fig.l4a sporangia were in
evidence after 17 to 19 days and mean cell numbers ranged from
approximately 100 to 78, In Fig.)ib the first indications of
reprouct ion  were apparent after 23 days of growth and mean cell
Jrbers  at this stage rarged from 95 to 45. In Fig.l4a the mean cell
mmbers of the trmatinents that became reproductive were markedly
greater than in those treatments that were not reproductive. This
difference  in  mean oell numbers between reproductive and non
reprofuct ive treatments is not distinctive in Fig.1l4b.

No morphological differences were cbserved between treatments.

4.3.2. Terperatuce

It {8 evident from Figs.l15% and 15b, that while extreme temperatures
of 15°C and 10°C inhibit growth, higher temperatures ranging from
15°C to J0°C are most favourable for growth. The filaments with the
gqreatest cell nurber means were the first to became reproductive and
also had the highest total number of sporangia. If the assumption
that the treatment with the highest number of empty sporangia is the
first to have been reproductive is used, then those
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filalllnts gllwn at [I'C [lust havll Ulcxl) fllrtill] CUECeC) thil Dehlir
terlraturl] trilatilnts. Unfllrtunatllll], thl] tital nullllr [f slllrangia
at 1VC in Fig. ll[la was nlJt r[ITlrilid.

Thil tillr tallln tl) twtlt rilrlductivi]l, and thl] [Tlan nullllr [f [T]11s
at which rlrlductilin is first [sllrvlld, wvarilld [ltwlln th']
[x[rill’nts represented [I[] Figs. 1llla and 1[I The filalllnts in
Fig. 15b [llcull [*lraductivi] aftllr 10 tl 11 dalls, fran a cll1l nullllr
man of [ tl) [1J [1T11s, whilrnas in Fig. llla rllrllductilln was [lvid nt
after [ 11 dals, with <11 nullllr moans firl] 1[1] t[l [IT]l. Thiisl]
larg'l discrlllancills [alll it difficult t[] make any sound clInclusilns

fran the data.

As indicatld by thil 1lttlrll Of thll alllhalllt, indicativl] [Jf Duncan's
test grilulling, all trllatilints had significantll] diffllr[Int [lan [1111
nunbers [In thll salll dall [If xOJrfntatilin.

[hc saluutl Of thi Odiull fllr thil Ox[Trillnt in Fig. lla was [dasurlld
Ofrll  and  aftllr thi) x[rillint t0) ditlrlinl] whilthlr anl) [wvalllratiln
was talling [llacll. Th'] salinitl] [TIflrl] thil [x[rillint was 1[0 [TT1],
whilll aftllr thil Ux[rillnt, it rangld fx(1]) [T OO0 €00 O [T, which
was rllcllrdld in thl] [diull at [I*C. Clllarll] [valllratilln was talling
[Nacl], [ut th] salinl] cinditillns at [I*C did nlit alJlJar tl inhillit

grlwth tll anl] grilat [lxt[Int in this instancll.

Intlrlistingll in a [rllillinarl] [ [rillnt whilr[] wh/1[] filalllnts as
rd tld U Dsrls wirll [laclld wundlr thll salll tlrllraturl]
[Iniitians, thisll at 10'C alsl) faillld t0J grllw, whilll thl] [Jlants at
e griw  sliwlll. This rwll suggilst that th'] tlr[lJraturl]l tl1lllrancl]
M Trlls is diffllrlint t[l that Uf Uaturll filallnts.

g.o.g. Ihslall.UVHtW

(nan Figs. 1llla and 1IJ it is evident that Fl/ldJannia s|. grows more

rallidll] in high [hilt[lIn fluonce rates ([| £ 114mUtT*slic[]1) Inhd not

at all in th'l darll (where Usl[Trlls failed tl! gilrllinatl]). In Fig.

16c cll11 nulllrs of low photon fluence rates (1[N [sllc'*)
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