
ft\e naterial w.is carefully given 2 washes, 10 minutes each, in 
sterile sea water.

2) Dehydration:

I\vo methods for neromng water frcm the materia were employed:
a) Air-drying: The ql ass sl*d«s were placed in a desiccator for 24 

hours.
b) Critical point drying: specimens were taken through a dehydration 

aeries in ethanol as outlined for T.E.M. O x *  in 100% alcohol the 
irwterial was covered in pape- envelopes and placed in wire mesh 
taskets, which in turn are placed in the critical point dryer.
TT>e critical point of the licjiid carbon dioxide occurs at 1072 
pdr sq. inch at 3i'C.

3) Mounting;

T*ve Mnples a^x *nen returned to a desiccator and then mounted with 
colloidal graphite or oellotape on the polished surface of a stubb.

4) Coating;

stubs with specimens were coated with 20rm ‘ gold and viewed with a 
Tool JSM 840 scanning electron microscope.

3.6. Baacioentfl le  jgieraiiMLUw intlmna- qL Ungttraturg*
n\wnPf flfti UtfTC or qrcvth

andjjsfsslcsraart al Feldmannia sp.

Feldmannia sp. was subjected to 4 tmat^nts; photoperiod, 
trrpuratuie, photon lluonce ajid light ĉ iality. For all treatments 
cultures were sat up in the followinq way (Figure 8.):

Headings for ewch treatment were taken every 3-4 days using an 
Olyrpua inverted microNoope. The following paranwters were
rocorrkvi: I) Ihe number of cells per filament.
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ii) itic first appearance of sporangia.
iii) numbers of urrviture, rrwture and ejrpty sporangia. 

tt» number of calls was Mounted until the first sporangia were 
formed. Further counting was considered too subjective since 
filaments obscured other filaments. TV«nty-four readings were 
record ad f ran each Repli-dish. It>e number of readings was found to 
have standard errors within 10% of the n»en for most treatments. All 
experiments were duplicated and in seme instances triplicated. Since 
thr» effect of treatment on cell numbers and scorangia numbers was not 
constant over time, analysis of variance on all data would be 
raininqless. An indication of the differences in response between 
tnvstnents could be obtained by way tvro 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. Ttv» results were statistically analysed using Duncan's 
rxiltiple i~rr,e test and qualitative ehangts during development under 
the various treatments was moorded photographically.

3.6.1. ttwtopenod

Ropl1 -dishea containing inotiles were placed into one of six 
specialized photopcriod toes (Figure 9.). Each box was fitted with 
a light and dark cycle timsr and nvsintained oonstant temperatures of 
20’C by moans of fans. Itwrmanetars in the boxes enabled constant 
checking of the temperature. Illumination was achieved with 
fluorescent tubes with photon fluenoe rates of l'fciDa~29«c~^. 
ftwat boxes were set at a range of light/dark cycles; 18L:$£, 6L:19D, 
UL:iiD, 8L:7.5D:1.5L:7D 14L:1QD. * 10L:14D.

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

Plurilocular sporangia bearnq 
filamnts were placed in mil nan 

in a hanging drop slide.

Within 2-4 hours metilea 
were reloaded from sporangia 
inti ^dult filaments removed

STEP J STEP 4

Medium containing notilts 
was sucked up with a syringe.

A few drops were plaoad into 
each oaifxurunant of a Repli- 
dish, the base of which was 
Tvi ssd with a Urn* grid to 
ensure that tho sane g**mlings 
onuic! be located again.

~\

STEP 5

4ml of medium was added to each 
<xaaparvment ard the ttepli-diah was 
seeled with nwskirq tape to roduce 
evapuuration

riaur# «»: (TQQfifidurt ̂ ac .aattjmg-jjc-'Ail&um .Car wrirt»nt3-
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*-e#pH <!•* T*Th«rmom«tar

L-Cool flow'• ic«M MjM 

Figure 9.: bj>.oh used for nhotopsriod traaQwnts.

3.«.2. m a r n u n

Lxbaan growth oabineta wore s r t  at 10*C, 15*C, 20‘ C, 23*C, 30’ C l  

35'C respectively. Hv>ton fluenoe rates in the growth cabinets 
ranged tram 20 to 2Ainn“2s*c“*. Ill* pttotopariod for each cabinet 
was 14L:12D, which was uslected since to is thought to resemble 
light/dark cycles most c u m m '.y experienced off the Natal ooast. 
(ttssible fluctuations in tcrfwrature in the growth cabinets ove~ a 24 

taur pericd, was nonitoml with tarfjarature liydrographs for a week. 
It 'as evident that slight fluctuations an either side of ar average 
t«**rxture occurred. (Figure 1 0 .) .

fuuolIC  : l®m»suai tls ■ xutUsui o o c jlJ I  day ptrlgd in 
injxrtiiaanaBnMijBablnet
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Heat (rein t he f luort-soerit tubes caused a gradual increase in 
tcrperaturB Jurinq the light period ind when switched off the 
tcjtjwntures dropped, only to rise again during the next light 
period. Since this phrncmenon w.»s apparent in all of the growth 
oabinets, uniformity of conditions between treatments was thought to 

maintained.

3.6.3. Photon fluence

A range of photon fluenue rates were attained by placing Repli-dishes 
under different fluorescent light source combinations in a growth 
cabinet. She cabinet was set at 20*C with a 16L:9P light/dark 
cycle. Fluctuations in tar^eraturs were recorded on a the mere tar 
»nd trrperatures never exceeded 2*C above and below 20'C.

cne Repli-dish vas placed at l^uBtf 2sec-1 and .mother at 
83mB>~2**c , using a s.ngle point light source. A third Repli- 
diah was subiected to light on three sides at ll-OiEHT^sac"1. 
:iinee in the last instance, rx>re than arw light source was used, each 
photon fluence reading reflects an average of readings taken in 6 
directions, above, below and on all sides. An attaint was nude to 
place the Rcpli-Uishes sufficiently far away frcn the light souroe, 
so that discrepancies in taiperature were reduced. One Repli-dish 
was placed in the dark.

As can be seen, the photon fluence and photoperiod ware treasured in 
jeparate expennents \nd use of the Mean Daily illurunance formula 
liscusaud in the literature review was not rude. Mean Daily 
illuminance units would prove useful where the combined effects of 
Fhotoperiod and photon fluence on growth and reproduction are 
tested.

3.6.4. Light quality

the spectral (juality of grven, blue and rad cellafrhane ^'per was 
-nasured with a Van an, vir ible-1 lght ifMctrcphotaneter (Figure 11.)
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\nd found to rr?scmble that of 'Iran, blue m d  rod light. 
Repli-dishes containing zoospores were wrapped in this cellophane and 
placed on tho sane shelf in a growth cabinet set at 20C with a 
16L:9P. Ttw ttrpcraturo was constantly monitored and found never to 
oxcpud 3‘C .ibovo and below 20'C. The photon fluence frcn a single 
source wan 90 /uOT^sec"1 and tl» transparency of tho different 
colours of cellophane papnr was relatively uniform. Since the 
cellophane is transparent, it was possible to take readings without 
rnrovinn the aellophane. A Ropli-dish, without oellopharte was placed 
alongside those with cellophane as a control.

-  G R E E N

-  RED

-  BLUE

WAVELENTH(nm)
Figure 11.: JJ» K r w m o w  «t different wavelengths at

3T3SIU red and blue oellcphfflntl RflPtr
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IV. BESIK

4.1. Ught ndcronociw gbeervalifln#

rel trtvvua sp* was originally found growing epiphytically on its host 
Oodicphvllun rutdlensw (Khadophyta, Cryotonemiaaeae). Sine* 
tflimnnn sp. has not n  relocated in the field, its epiphytic 
rwture ha* not tr»*n confirmed.

!e 1 twJUJ sp- is i tufted, fine filamentous algae, ranging in height 
irm 2-4m (Plate 1 fig.2.). It newt coitnonly oocurs in clusters: 
•v»h cluster ocrprising a number of intertwining plants. 
Associations of the algae to form a continuous covering on surfaces, 
-\\rea it difficult to ascertain the limits of one individual plant.

Time morphological regions are recognised: the first formed, 
horizontally-spreading, prostrate ragion, consisting of barrel shaped 
calls; an erect raiion of fi1amrts that arise at irregular intervals 
frm the prostrate region .tnd nultiuellular rhizoids, which aiao 
iris*1 f m  the prostrate region in an cffjoeite direction of growth to 
the erect filawcits (Plate 1 figs.2.1 J., Figure. 12).

:t» first cell formed in an erect filament is oarmonly larger and 
rr> re rxinisd in sfvtpe than the other filament cells (Plats 1 
tig.).). Menstiwwtic cells, found near to the prostrate region, are 
.f..\xw in r̂ wtpe when v frcm the side, while the mere distal
cells are rectaiqle in shape (Plate 2 fig.2.). Both the prostrate 
and erect regions .ire ini •rernurwite in grcvth but the eruct regions 
ippear to grow rcro prcfuaely.

IT* cytoplasm in all three regions poacMmses a central nucleus tnd 
f*r^*ieml chloroplaats. (lUoroplasts in th*, prostrate cells are 
uro abundant tnd di; xud in :ihape, unlike t‘ic«w in erect filaments. 
tVi.e chi ornp lasts are spume, particularly in the distal cells, .tnd 
*/al in :;h.tpe. lyrenoids .isoociated with chlonplaetii, .is well 
ts oytaplajsnic strands holding the nucleus in plaje in the '.witre of 
the cell, are evident in sans tails (Plate 2 fic»s.3.-5.} Figure. 12).
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4pm

Figure 12.: ygggfcytV'Q v^lla lr3B tftrar flittWlTtt CTBflSteiflaiSal 
rciioiw; i • l̂ roitctt# ■ 2 . Moi ist < 3 • Lcscs 
filamant. (>«*Uorcplasc, Cy«^'ytcpla*iuc strand,
:*-rucl«ui.

ralitttMUa P̂- rhizoid* would, in an epiphytic association provide a 
-■vins of attachment to the hoot without actually penetrating host 
tissue. Occasionally tha rmzoid tipa branch to form plug-liXs 
atructures (Plata I fig.4.).

pmatrata ard orort rogions give riaa to plurilouilar sporangia 
in a nunto*r of localities along tha filaments; diroctly on the 
prostrate n*jian (Plate J fig. 1.) I be’-* a msrlsteraatia rrqion of an 
«rsct filament (Plate 1 fig.2.): at the tip of .» short erect filament 
(Plate 1 fig.2.) ard below y«condary meristeroatic gtrarth I'rqio.is on 
e m t  filaments (Plate 1 fig.l.).

■poranjium fora a^*.,™ to vary within the lifetime of a single 
irriividual plant. tt»e first formed sporangia .us long, rwirttw and 
t.ipenrq (750-84(Un in lcrqth) and rtevelc* be la- meristerMtic rcqions 
at the erect tilajwnt huw. In more mntuxs algae, erect filaments 
rwy hoomo neristTwtic at tho mors distal anis. Sporangia proluofci
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in t icse regions are caiparatively » — ter in length (24(*jm), more 
pair-shaped and produce fewer motiles. The an^le ftxm the point of 
origin is also wider in these snaller s^rangia. The attachment to 
the filament nwy be either sessile, nr by a i.-ut tending oell (Plate 3
fig.4.).

4.1.1. Orcvth of cultures

Subcultures of Feldnannia sp. were grown and maintained in culture as 
outlined in the materials and methods. After an initial lag phase in 
.tiich the plants were adjusting to culture conditions, the growth was 
very rapid. Very rarely, uortamination by a odourless unicellular 
alqae and bacteria was observed, but this did not appear to interfere 
with the growth of the cultures.

;'<enesaence was acocrpanied by a bleaching in the colour of the 
plant. It was possible to t'TStore the growth of those filaments with 
a small trace of brown colouration by placing than into fresh medium, 
tut oncti the filaments beocme clear, senes-x^ve was irreversible.

The time taken frcn settlement of zoospores to the production of 
sporangia on mature filaments, is between 14 and 17 days, when grcwn 
at 20*C, at light intensities of loqufin"2sec“i and ».t  ̂V't:£D 
cycle. Unipolar germination of tie zoospores is %v j.Am it
approocm'.tely 24 hours after release (Plat*> 4 figs. 1.-9.) and the 
first formed cells .ire thought to constitute the prostrate region 
cells. There is a gradual increase in cell number until after 4-6 
lays an « 'M filament is produced. Hhizoids are not produced until 
much later indicating that srme form of adhesion, possibly cherucal, 
must be responsible for a:taching the cjermlings to the substrate. 
The original zoospore cell is slightly larger and more rounded in 
shape than the ntviy formed cells and is always in evidence durinq 
tiie early stages of development. Occasionally the pattern of early 
sporeling development appears to resemble that of Feldirannia alobifqr
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iKutz) Kam i (Clayton 1974) , Here oell elongat on oacurs on either 
side of the origin? 1 zoospore oell. giving ris:«j co the prostrate 
region in one direction and the rhizoids in the other.

A number of stages in t'-.3 develapnent of the sporangia were 
obser/ed. Initially a vegetative oell produces a slight bulge to one 
side of the oell (Plate 5 fig.l.). The bulga increases in size and a 
cross wall separating it !rcn the vegetative oell is formed (Plate 5 
fig.?.). Until now, sporangium develapnent resejnbles vegetative 
filament production. bulge increases in size by a ser. s of
parallel «. .. perpendicular divisions giving rise to a number of 
cubical iocules (Plate 5 fig.4.). A subtending call which does not 
undergo any vertical divisions in row in evidewe. Further vertical 
md horizontal divisions take place <*rd r''# sporangium increases in 
size (Plate 5 fig.5.). At nuturity (Plate 5 *.ig.6.) oad eyespots 
are evident in the cells within each locule. The Tporangia do not 
have a set number of Iocules and there nay be frcm 68 to 401 l . m U w  
per sporangium. The final stage is reached when the zoospores 
been released frcm the sporangium and only an erpty sporangial case 
rwuins (Plate 6 figs.1.4 2.).

Zoospore release frcm the sporangium lasts front 4 to 7 minutes. The 
tip of the sporangium begins to vulge (Plate 7 fig.l.) and finally 
ruptures releasing a group of zoospores through a pore at the tip of 
the sporangium (Plate 7 fig.2.). The zoospores are surrounded by 
rucilaqe and remain stationary at the tip of the sporangium for a 
short period, before actively swurrung free (Plates 7 1 8  
figs.3.-10.). The zoospores continue to exude out of the sporangium 
in single file, moving up frcm the more basal loculi (Plate 8 
figs.9.-15.), until no more narain (Plate 8 fig.16.). The release of 
zoospores frcm a sporangium can be viewed on the attached video tape.

Ihe movement of the zoospores is erratic more specifically, they tend 
to swim in a straight line but stop when they cane into contact with 
another zoospore or a filament. Onra they have moved around the 
obstacle, they continue in o more or l^ss straight line and remain 
motile for up to 2 hours before setc’ing 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 s*ctl«d mnstly in the uncovered region.

Observations of the settling patterns of zoospores revealed that in 
.addition to settling at the bottan of a Repli-dish, zooepores often 
settled on adult filaments (Plate 9 fig.l.) and on one another (Pla 
9 figs.1.-4.). The result of zoospores settling on top of one 
another, was hands of frwe floating germlings on the surface of the 
medium (Plate 9 figs.2.4 3.).

An attcrpt was nwde to deter- inr whether Feldnannia sp. zoospores 
preferml 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 
iriftwood, the shell aid the base of the glass culture diuh (Plate 10 
figs. 1.-3. & Plato 11 figs.4.-7.). Similar results were obtained 
when the experiment was repeated.

Following settlannt, the zoospores attach therae 1 ves to the 
substrate. The fact that the rough critical point drying treatment 
ised 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 Jetermined, ttowever, the copious amounts of trueilage associated 
with settled zoospores (Plate 29 fig.2) may form the means of 
attachment.

4.1.3. Determination ot n m ons of cell elongation

Ihe optical brightner, Galoofluor White HiR binds readily to the 
cellulose in the cell walls of Feldmannia sp. filaments and 
fluoresces brightly, giving off a light blue colour, under violet 
light. Chloroplasts exhibit autofluorescenee under violet light aid 
appear red.

A cluster of gemlings vicvred directly after staining (Plate 12



fig.l), showed uniform uptake of Caloofluor M2R. One day atter 
staining, thr. r.\me cluster (Plate 12 fig.2) showed new growth and a 
large number of chlomplasta, which appear red, towards the centre of 
the cluster.

Nature filament** took up the optical brightner uniformly and 
fluoresced orightly under violet light (Plate 12 figs.3.6 5.). Large 
•umbers of chlcroplasts in the sporangia (Plate 12 fig.3.) and in the 
proutnte regions (Plate 12 fig.5.) detracted frcro the fluorescence 
in tht»» regions. The cross walls of erect filaments fluoresced more 
than the surrounding filament portions, indicating concentrations of 
sellulose (Plate 12 fig 4.). One day after sta'rinc,, buds developing 
on prostrate cells were visible (Plate 12 fig 6.). These buds did 
not fluoresce .and were rich in chioroplasts. Three days after 
staining, cell elongation was evident at the base of erect filaments, 
where fluorescence was narkedly reduced (Plate 13 fig.7.). Fran 
these meristeratic regions large numbers 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 gr~vth region (Plata 13 
fig.9.). The distal ends of erect filaments a-so appeared to be 
capable of now growth ,«nd chloroplasts are oonoertrated at the tips 
(Plate 13 fig.10.).

Evidently there are four sites of cell elongation; tie base of erect 
til'ments, higher up on erect filaments, on prostrate cell regions 
\nd distal ends of erect filaments. The lattar growth type is 
apical, vAiile the ether three are intercalary*

'hstained motile oells oteerved under the violet light excitation 
filter, were extremely dark .ind difficult to see, even at high 
-wgmfications. Slight red autotluoresaenoe of chloroplasts was 
Jetected within the motile cell. There was no autofluoresence of the 
flagella.
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4 . 1 . 4 .  stam in a qt  carbototiratai in  aw ranaia

Ihe call walls surrounding sporangia and iietween loculi were stained 
pink by Schiff Periodic acid, indicating the locality of carbohydrate 
notarial (Plata 14 fiqs.l.-4.). A thin layer of cytoplasm, adjacent 
to the cell wall, in the region of the natrix, also stained lightly 
(Plate 14 fiq.l.). However this detail is not evident in the other 
photographs.

4 . 1 . 5 .  DetemuunsL v*^rgygncnfc.aX.jfra t t r a r t i  Um g w ra ra ia l * a ll

Ttve blue colouration of motiles within sporangia of Faldnannia sp. 
indicated that the sporarqial wall is sani-permeable to Toluidine 
blue. The vegetative portions of th.».s alga were also stained blue, 
however, whether these .'oqione are s»u-permoable or not is not 
known.

4 .2 . tifitusn A M o a l L n

An important feature in interpreting sections is determining tho 
plane of sectioning. With regards to the sporar^ia, the section 
plane could be determined with a high degree of ccrtainty due to the 
shape of the sporangia ind the orientation of embedded sporangia 
before sectioning. Eatabl ishinq the plane of sectioned zouspores was 
possible by observing the outlLi* of the cells and the orientation of 
organelles within each zoospore.

4.2.1. Ult- latructure of the vegetative thallus

longitudinal sections thmugh different regions of the thallus reveal 
the essential features of vegetative cell ultrastructure in 
FelJmannia ap. (Plate 15 fiqs.l.-4.). Few differences between the 
various vegetative regions exist. Ihe shape of the cells in section 
ia moie or loss lectanglular, with the shortest wall being the 
adjoining, cross wall. The exception is the maristamatic cell (Plata
15 fig.2.) which is also rectangle, but here the longest wall
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constitutes the cross wall of the cell.

It>a bulk of the oell volume is rvtde up of a large vacuole, containing 
spherical bodies of graru.iar and fibrillar material. This material 
nay const :ute cytoplasmic strands which hold the nucleus in the 
centra o., the cell in plaae. The cytoplasm is restricted to the 
periphery of the cell and to a thin layer around the nucleus in 
prcetrate, subtending sponuKjia »nd erect cells of the filament, 
while in meristanatic raj ions, greater amounts of cytoplasm surround 
the nucleur.

The nuclei are usually spherical in section (Plata IS fig.2.), 
however this is. not evident in the more oblique sections of the 
ptootrate region (Plata IS fig.3.) are. uract region (Plata 15 fig.4.) 
there orv / portions or the nucleus have been sect icned. The nuclei 
are approximately (3--Ujn) in size and contain a centrally placed 
nucleolus. Cacti nucleus is surruurvlad by a double nuclear envelope 
<ind is often associated with dictyoeanos. Luge numbers of 
dictyaeames are evident around the nucleus of the marist*matic call. 
The qenoral morphology of the mitochondria agreea with that already 
described (ran other brown algae (Bouck 1965, Oliviers & Btsulptura 
1973, Nucsell 1974).

I ha elliptical ctvlorcplasts are restricted to the periphery of the 
cell and orientated parallel to the long axis oi the cell. Pyrenoids 
\ra found in cloee proximity to the ctiloroplasts. Other organellas 
found near to the ctUorcplasts are mitochondria and enJoplasnvic 
reticulum, which are not oasy to reaolve at these low 
aecpn r lost lens. Spherical, electron-^iense, osmiophilic bodies are 
also evident in the cytoplasm. They occur in notionably larger 
mounts in the cytoplasm of the prostrate oall, than in the other 
colls. It is not known whether this is always the case.

fte oell wall is fibrillar in nature and thicker ir the subtending 
sporangial cell wall than in other regions. This could possibly be 
due to the plane of sectioning. I'lasnodesmata are evident in the
cell '/nils bctwnan two adjoining cells (Plate 15 fig.l.).
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4.2.2. The L'ltragtructuTB of zoosoora production

A number of st.vjoa in the devwlopnnnt of the sporangia tnd associated 
.oospores (vised synonrrously with motile oells) wnre identified at 
the light microscope level (Plate 5 figs 1.-6.). An atterpt was rvido 
at ox.tmninq the ultrastructure of these various stages and each will 
he diacuaeed in turn.

In the eiirly st.vj«s of zoospore production, divisions occurred mostly 
parallel to the long axis of the vegetative cell (Plate 16 fig.4.). A 
large, central rxjclous, with nucleolus dcsunates the cytoplasm (Plate
16 flgs.l.,2.fc 4.). Ihe nucleus has a granular appearance, since it 
is rich in tHA tnd is iiumoundsd by a double nuclear envelope, 
^metnus dlctyoscmes, \re found alongside the nucleus (peri-nuclear) 
tnd it is unsure whether the forming or mature face is closest the 
the nuclear envelcpe, since vacuoles .ire evident budding frun either 
side of the dictyoeane (Plate 16 figs.l.fc 2.)- Numerous spherical 
inclusions ire evident adjacent to the nucleus (arrow, Plate 16 
fig.2.). These appear simile ’n nature to the larger d'ctyoscnal 
veeicles. strands of ondoplarru. reticulum, extending into the 
.ytcplasm trs also fourvi within cloee proximity to the nucl^xs.

The cytoplasm is alao granular .tnd probably rich in HNA. 'meruus 
Aill vacuo 1 os, many containing fibrillar .tnd granular mater . .1 are 
found within the cytoplasm. lame, inclusions are often assoc., "ed 
with these vacuoles .tnd may occupy a large portion of the total 
volume of trm vacuole (Plate 16 fig. 1.). Ihe chlorrplasts, occurring 
at the osil periphery, the mitochondria, pyrenoids and osmiophllic 
bodies alao occur in the cytoplasm. While the relative sizes of the 
’hsse organelles rwy vary with ths age of the developing zoospore, 
the ultrastructrural detail of these structures does not vary with 
age tnd this detail will be uxanuned at a later stage.

At the 'intermediate' stage of development, the nucleus occupies a 
large proportion of the total cell volume «nd nuclear pores in the 
nuclear envelope are in evidunce (Plats 17 rlgs.l.fc 2.). The 
nuclcolus la not always centrally placed, but may occur towards the 
od'je of the nucleus (Plate 17 fig.l.).



Tho siza of tho chlorapl.uts (.*jm by 0.**im) has increased fran the 
previous atags uui gennphores, mprenentad by lightsr rugions at ths 
polos of U w  chloroplasts, occur. The vacuo lea now occupy a 
relatively small proportion of the cell volume. The cytoplasm 
•ppaara to have pulled away slightly tmn the cell wall, resulting in 
a space on either side of tho cell Mill. This cavity contains 
numerous globules vMch rroy either be rwwins of cytoplasmic 
material, products required for aell wall formation, or possibly ever 
.in artifact.

S\ marous perpendicular and parallel divisiens hive taksn place, 
giving nae to swny cubical and rectangle locules (Plata 17 fig.2; 
Plate 18 fig.l.). The surrounding sporanqial wall crrpriaee a dense 
ind lesi k t o  fibre layer ind is far thicksr than the cell walla 
between loculi. No pl.^sanodesmnta between adjoining loculi are in 
evidence.

At futurity, sporangia contain large nunfcsnt of locules (Plats 19 
fiq.l.). The mvly formnJ cell walls, associated with the most 
recent cell divisions are thinner than the older cell walls. There 
is no set pattern of call division, however, 'acrpartjnents', 
separated by oldsr, thicker oell walls and containing approxi.-rutsly 8 
calls are evident.

n rvmber of ultrastructural .hanges taka place in the mature 
oporangium. The aell icntsnts shrinks further away frtm the call 
walls, leaving, in •»cra instances, large spacea on either side of the 
oall wall, containing granular material. Flagella in every locule 
ire in evidence for the first time, and the chloroplasts contain 
intraplastldial eyespots. cusrucphilic bodies are in greater 
Abundance than in the previous sttges.

lust prior to release, the /oospores round up and the cell wall 
rvitenal bcoamo* very thin, possibly indicating a breaking dewn prior 
to re Inane (Plats 19 fig. 2.). At this stage mitochondria are 
iburtiant in the .’oospores.
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Detail of a mature locule (Plato 20 flg.1.), reveals paraniiral bodies 
in the sfwce left by the oontractirq cytoplasm. Itwse bodies nay 
corwiot of rwiy uonLientric membranes, or alternatively a number of 
mambranss ire loosely arranged within a surrounding imubran* (Plate 
23 fig.3.). It is uncertain as to whether these paremral bodies 
xrvr ins id* or outside the p 1 anma.orrvi. The occurrence of fibrillar 
and granular material within the space left by the contracting 
cytoplasm m y  indicate that it constitutes a matrix.

tv* again the nucleus is contra)ly placed (Plats 20 fig.l.) and 
prssess distinct nuclear pores (Plata 20 fig.3.). A large stalked 
pyrenoid extends (ran the chloroplast (Plate 20 fig.l.). The 
mitochondrion (Plato 20 fig.2.) is elonoatad to ovoid in form and 
mrrounled by a double mtonno, the uu»r of which forms tubular 
cristae, which have slightly constricted bases. TT>e cristas are 
numerous ind cloeely picked in th* lumen. The peri-nuclear, 
dictyoacroA (Plate 20 fig.4.), are onontatec. with their forming face 
closest to the nuclear envelope and the mature face furthest away. 
tt\ny vacuoles occur in association with the mature face. In mature 
sporangia 1 cells these v« uolee contain fibrous-like substances 
(Plats 21 figs.l.i 2.), similar to tha fibres located in the matrix 
surrounding the coll.

Qiloroplast structure varies little between the different stagss of 
zoospore production (Plato 22 figs.1.-7.). :he thylakoids *r* 
arranged in grot** of throee and run parallel to the long axis of tho 
chorcplast. Occasionally single lamsllas Interccnnoct lamellae bands 
(Plata 22 fig.6.). A girdle lamsllas, within the stroma, encircles 
the rim of each chloroplast. Distinct 1 ight regions at chs 
civlornplast poles denote amas ot :»iA aocunulations or genrphores .ind 
nboecmee also aontributss to tits granular appearance of the street 
(Plate 22 fig.7.). Small asmicphilic bodiss are located in the 
Lhloroplast atrnru.

Ihe pyrenoid, havlnq a uniform, y. inular a,pearanco, is attached to 
the chloroplast by a furrow stal- "late 22 figs.2.fc t>.), and 
generally protrudes tuwan's ths us’ \ >i the cell. Ttie ohlcroplast 
inti pyrenoid are surrounded by the chloroplast envelop* ,incl the
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chloroplast endoplasmic reticulum. While the stalk is not always 
evident, the presencie of the endoplasmic reticulum and chloroplast 
envelope around the pyrenoids, 'ihows that they do in fact form part 
of the chloroplast. The chloroplaat endoplasmic reticulum is closely 
«pprr*Hsnd to the chloroplast or the side furthest from the nucleus, 
but on the opposite side this membrane, ocmos away from the 
ii\lorof last envelope and forms a space. This space contains numerous 
mimtrane profilew.

Fyespots are visible in the diloroplasts of matme sporangial cells 
(Plate 22 figs.4.4 5.). Each eyespot is caifxsed of a single layer 
of lipid-liks globules and appears to occur in a depression on the 
side of the chloroplast, often in close proximity to the fligella
(Plate 22 fig.4.).

Lyscocrwa, containing many sraller vesicles, seme electron-dense, are 
evidr.it in ’he cytoplasm of relatively nature sporangial oells (Plate 
73 figs.1.4 2.). Occasionally thase were found closely apprassed to 
osll walls and nwy play a role in cell wall formation. The 
surrounding cytoplaran is very granular (Plat* 23 fig.4.}. Paramural 
bedi - (Plats 23 fig.3.), in this instance, occur external to the 
plaanaltrma.

A number of stages in the development of evil walls is recognised. 
The order in wtucti they ire discussed may not be strict' zt

3ir&a these observations were made at randTn, «i£ of
:porairjia of different ages.

Initially a thin layer of aell wall material is deposited 
perpendicularly to the older, existing vrlls (Plata *4 fig.l.). 
later, the vacuoles on either side of the developing wall Ijeocme 
evident #P’its 24 fig.2.) and are free of any inclusions. Numerous 
miller uoles appear to be in close proximity to the dictyoocme 
and it ot clear whether or not these ire precursors of the larger 
vacuo1as. Two l<ure nuclei, with nucleoli m  e\ch adjaaent oell are 
evident. At this stage, the developing oa.1 w*;l ia not entire, but 
•augmented in parts (Plate 24 fig.4.) artf nembr-nous in nature. At a 
:;eomingly later stag*» of development, vac* U-s d»jcrease in size and
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globular nttterial is deposited in the region of the developinq call 
wall (Plat* 24 fiq.l.). Mitochondria are located cIom to th« 
icvelopinq cell wall at all 3t,vjes. In ncms instancies vacuoles rich 
in fibrous-like itubst-tncns apparently released their contents near 
the ration of cell wall fot-matlon (Plate 25 figs.l.fc 2.).

globules evident in oar Her at-iges of aell wall development are 
in evidence on one side of the locule wall (Plate 26 ftgs.1.4 2.) and 
a ruture aporanqial wall (Plate 26 fig.6.). Mature aporangial walls 
(Plate 26 figs.l.fc 6.) are ixrpoeod of > number of fibrous layers, 
which ruy be '.aid down parallel or perpendicular to the long axis of 
tne o m .1 and ruy be tic^itly or looeely v*jven. As marry as 4 layers 
weie evident (Plate 26 fig.6.). Unlike th*se outer sporanqtal walls, 
tho locu'.e walls are irrpoeerl of a sinqls layer of fibrae, laid down 
in a haphazard fashion (Plate 26 fiqs.l.,2( 3.)* Plasmodesrot'.* 
occur t*twnen subtending sp:.an,ia cells and mature locu'ee (PIite 
26 fig.4.) and f^r^nen adjacent vegetative cells (Piste 26 fig.5 ).

At tn • intermediate' stage of zoospore formation, a asntriole and 
associated nucrotubular root system, the first signs of flagoli« 
formation, wnre evident (Plate 27 fiq.l.).

In rwture sporangia, flagella develop in separate flagellar veniclee 
which are confluent with the mitrix as they contain matrix-like 
globules and ribres (Plate 27 fig.2. t Plate 28 fiq.l.). In section 
the flagella orten occur in groups of three within th" flagellar 
vesicle. It is thought that the flagellar vesicles are external to 
the plawval«rma, since in nwny aections the flagella are not encloeed 
in the cytoplaisn. The flagellar vesicle cavity, appears to be filled 
with granules and fibres, similar to that round in the matrix.

T\« types of flagella are oruduced; a smooth, flagellum and a whiplash 
fiagellum bcuring ivistigoncmss (Plate 27 fiq.4.). the smooth 
flagellum is often more clnuely appmseed to the cytoplasm than the 
tinsel flageUum (Plate 27 fig.3.). Sections through the tinssl 
flagella reveal that during zoospore developnent, mastigonanee cmenje 
from one aide of the flageila only (Plate 28 fig.3.). the i
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& 2 .imvrjerent of microtubulm, charactartstic of most flaqclia, is 
I rasant in tha flvjollar shaft oqion H ’U U  ?B fiq.4.).

Iha roqion of insertion of the flaqella is thouqht to t» sonwwtiare 
i»'fjwn tho nucleus .\nd ctUofplast (Plata 27 fiq.6. i
F.qure.'i.), however, this was not claarly established. Tho 
intraplastidial cyrspot is also thoufit to bit associated with this 
insertion roqian (Mata 27 fiq.3. 4 Figure.3.).

4.2.). Ihe U M L S Q O W W C W

Littla datatl of .'uoaporee structure can ba raaolvad at tha level of 
tha 1 lqht nucroacTpe (Plats 29 f iq.4.). Only tha nucleus and 
flaqella car ba naan at this roqnification.

:v- pr* wnic of l+> riaqsll*. par :c>r*pon» was ocnl imuJ )ty nsqativaly 
stairad zoraporss (Plata 29 fiq.l.). Nsithar of tla flaqsila had 
rvtstiqorwva and hase war* probably lost durinq speciman 
preparation. An irproasion of tha poa# ibla arranqanant of 
rwstigorwnes on tha tinosl flaqellim is evident in Fiqure 13. The 
flaqella • ■nr>r*i«»l laterally, half way alonq tha sids of tha zoospore. 
Tha tip of tha shortar of ths two flaqslla, had a thinner axtansion, 
which could ba an acranans, although tha poasibility of an artifact 
hars cannot ba ruled out.

■icanninq electron nucmqraphs of zouapoiea (Plata 29 fiq.2.) ahcw»l 
'ha prseana of rrxl-nhapad bacteria attached to tha surfaca of tha 
zou^»re. larqar rod-shaped bactaria wars prewent in tha nucilaqe, 
thcu#)t to ba a dlffarant itucilaqe to tlvu exuded from tha ^pumnqim 
at tha ti m  of zooapnrs reltvute. It is clear that zooaporaa attach 
to tha substrata by thair mrrowar, antarior ands.

Tha ultrastructurs of tha zonepors (Plata 29 fiq.J. fc Fiqurs 13.) is 
not uni Iks that of rwture aporanqial calls, crus aqain tha nuclaus 
is oantrally placed .tnd mirroundsd by a doubla nuclaar manbrane 
pxuMasinq pcree (Plata 30 fiq.l.). fJrJoplaanic reticulum is found 
in cloaa proximity to tha nucleus. Two larqs ctUoroplasts each with
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Figure 13.: DiagnuTwtic representation of the acamawnt Qi 
organelles ot a_.feldrannia.gPi 20QSBQ33•
(Flaqellar roots have been emitted and the helical 
arrangement of the rrastiqo»vanes on tne tinsel flagellum 
is b.ised on assimption only.)
O  Chloioplast, E> Eyespot, ER- EYidcplasanic reticulum, 
F- Flagellum, O  Golgi, M- Mitochondrion, 
r*» Nucleus, O  osmiophilic body, P-Pyrwioid,
V" Vacuole.
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stalked pyrenoids (assumed) are located in the basal region of the 
zoospor“. The eyespots (Plate 30 fig.3.) are in close association 
witr th»- flagella and the tinsel flagellum is located in a slight 
depression of the zoospores. Ttie 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.).

Ttie blebs and bulges extending frtm the plasmalemrrw around the 
zoospores are probably related to a fixation artifact.

Cell walls form rapidly around settled zoospores (Plate 31 
figs.1.-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. Ttae 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 Jl fig.3.).

4.3.
phctcteriod. light intensity and light quality an the grw tb

*vua sp,

Kaldmannia 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.

Hie percentage germination of zoospores in each experiment was 
approximately 99%, with the exception of those zoospores which 
remairwd inactive in extreme environmental conditions. The 
occasional presence of a colourless flagellate contaminant, in very 
lew of the Repli-dishes, did not appear to influence the qrcvth and 
development of the plants.
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Growth followed a general trend in all of the environmental 
oorditions tested. Initially there was a lag ph^se, lasting 
lpproxirrwtely 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 beocne reproduct ive and then reach a plateau depended on the 
environmental variable. No unilocular reproductive structures were 
ever forr.ed during the couroe of this investigation.

The results of each experiment are recorded graphically 
(Figs.14 -17c). 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 taoles is to be expected in view of 
the number cf sarples 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, rv. ••ly inmature, nature and enpty, may provide a better 
indication as to which plants became reproductive first. Here we 
assume that the plants with the rest enpty sporangia, were the first 
to beocne reproductive.

The time in days is recorded aloiq the X-axis and the grewth 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 
Ouncsn's grouping test. Means with the same letter are not 
signif.cantly different while different letters show significant 
differences at the 0.01 confidence limits. For exanple, the value at 
letter A is significantly different frcm the value at B, while A is 
not significantly different to another point A.

4.3.1. fhotooeriod

In essence the longer the day-length, the sooner the alga became 
reproductive (Figs. 14a & 14b). The light/dark cycles of !8L:fiD, 
14L:10D. .and 12L:12D were first to beocne reproductive and had
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greater numbers ot cells than the shorter l.ght/a\rk cycle 
treatments. More specifically, while in Fig.14a vhi 18L:fiC 
liqht/dark cycle was first to produce sporangia and had tht g-eatest 
effect on tho mean cell number average, in Fig. 14b, 14L:1QD 'tpjieamj 
to tw tho meet favourable nhotopenod for growth. Both of these 
treatments had high nporangial numbers. By looking at the numbers of 
<vpty sporarrjia in Fig. 14b, it .totts posaible that 14L: 10D was tie 
first treatment to b**xne reproductive.

None of the nhcrt day treatments in Figs. 14a t 14b viz. 6L: 18D. 
1CjL:11C and 8L:7.5D:1.5L:7D became reproductive even after 27 days. 
However, when those Hrpl l-diiihey had the ;i»3dia twanged and were 
placed in conditions of 12L:1£D, they all became reproductive within
3 days.

ITv* naan cell rappers and the .ige of the filaments at v ich 
reproduction occurred, appeared to vary betwreen repetitions of :he 
name experiment (Figs. 14a & 14b). In Fig. 14a sporangia were in 
evidence ^fter 17 to 19 days .ind mean oell numbers range*! from 
apprexirvitely 100 to 78. In Fig. M b  the first indications of 
reproduction were ipparwnt after 23 days of growth and moan oell 
-jrfcers at this stage rarned frcm 95 to 45. In Fig. 14a the nean cell 
numbers of the treatments that became reproductive were markedly 
greater than in those treatments that were not reproductive. Ttus 
dlt fcrenjo in rwan cell numbers betvwen reproductive and non 
reproduct ivo treatments is not distinctive in Fig. 14b.

No BDrpho Icq leal di f ferenoes were observed betv«en treatments.

4 .3 .2 . iwssratms

It is evident from Figs. 15a and 15b, that while extnro temperatures 
of J5‘C and 10’C inhibit qrowth, higher temperatures ranqinq frcm 
15’C to 30‘C are most favourable for .irowth. It»e filaments with the 
greatest cell nu-ber fflMrai were the f.rst to beoe—  reproductive and 
also had the hl'jhest total number of sporangia. If the assunption 
that the treatment with tho highest number of erpty 3poranqla is the 
first to have boon reproductive Is used, then those
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filaments gmwn at 25'C must have boocr® fertile before the other 
tcrperature treatments. Unfortunately, the total number of sporangia 
at 1VC in Fig. 15a was not reooriod.

The timr taken to twtjt reproductive, and the moan number of oells 
at which reproduction is first observed, varied between the 
experiments represented by Figs. 15a and 15b. The filaments in 
Fig. 15b becue »*praductive after 10 to 11 da>s, fran a cell number 
m a n  of 40 to 70 oells, whernas in Fig. 15a reproduction was evident 
after only 17 days, with cell number moans firm 120 to 240. These 
largo discrepancies ma>e it difficult to make any sound conclusions 
fran the data.

As indicated by the letter? of the alphabet, indicative of Duncan's 
test grouping, all treatments had significantly different mean oell 
nunbers on the same day of oxpermentation.

:hc saluuty of the medium for the experiment in Fig. 15a was measured 
before and after the experiment to determine whether any evaporation 
was taking place. The salinity before the experiment was 10 0/00, 
while after the experiment, it ranged from 52 0/00 to 46 0/00, which 
was recorded in the medium at 30*C. Clearly evaporation was taking 
place, but the saline conditions at 30*C did not a^ear to inhibit 
growth to any great extent in this instance.

Interestingly in a preliminary experiment where whole filaments as 
j|poeed to zoospores were placed under the same terperature 
joniitians, these at 10'C also failed to grow, while the plants at 
35’C grew slowly. This rwy suggest that the terperature tolerance 
;ooMpores is different to that of mature filaments.

4.3.3. Ihs&a&.UVHtW

(nan Figs. 16a and 16b it is evident that Feldmannia sp. grows more 
rapidly in high photon fluonce rates (85 fc 1 14mUtT*sec"1) l\nd not 
at all in the dark (where /oospores failed to germinate). In Fig. 
16c cell numbers of low photon fluence rates (l4»iBn"2sec'*)
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